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The Features of Microsurgery of Cerebral
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Abstract Aim. Description of the features of the microsurgical technique of resection of cerebral arteriovenous
malformation (AVM). Material and methods. A retrospective analysis of 26 patients with cerebral AVM was carried out. Of
these, 15 patients were females and 11 males, aged 5 to 46 years. All patients underwent neurological examination according
to generally accepted standards. After studying the history and physical examination, all patients underwent computed
tomography (CT), magnetic resonance imaging (MRI), CT-angiography, and digital subtraction angiography (DSA). The
microsurgical technique of access, isolation and microsurgical AVM resection is described in detail. Results. The
overwhelming majority of patients with AVM (61.5%) were admitted to a rupture clinic. Of these, with intracerebral
hemorrhage (ICH) accounted for 56.3% of cases and 43.7% of cases with subarachnoid hemorrhage (SAH). It was noted that
microsurgical resection of complicated AVMs with low grades (grades | and 1) is the method of choice. For AVMs with
grade 111 and more methods of choice is a combined treatment method. Conclusion. Increased resectability without imploring
postoperative AVM results depends on factors such as a detailed understanding of the AVM anatomical structure and
presentation in three-dimensional space, as well as correct exclusion of the adductor vessels and subpial dissection with a
combination of endovascular embolization followed by surgical resection.
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3. Material and Methods

1. Introduction We performed a retrospective analysis of 26 patients

The incidence of intracranial arteriovenous malformations
(AVM) is about 1 per 100,000 per year, in people of working
age it is 18 per 100,000. AVMs are characterized by
significant morbidity and mortality, with a risk of rupture
of about 3% per year [1]. The mortality rate due to AVM
rupture is 30%, of which half of the patients have moderate
or deep disabling [2]. The high medical and social
significance of this disease is determined not only by its
prevalence, but also by significant economic damage due to
the high frequency of occurrence in people of working age
from 20 to 50 years old [3]. Despite the development of
endovascular methods of AVM treatment, microsurgical
resection is the gold standard. However, to this day there is
no consensus on the optimality of the type, stages and timing
of surgical treatment, which determines the relevance and
disputability of AVM surgery in modern neurosurgery.

2. The Aim of the Study

The aim of our study was to describe the features of
the microsurgical technique of AVM of cerebral vessels.
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with cerebral AVM. (Table 1). 15 patients were females
and 11 males, aged from 5 to 46 years. All patients
underwent neurological examination according to generally
accepted standards. After studying the history and
physical examination, all patients underwent CT, MRI,
CT-angiography, and DSA. The application of these research
methods is justified by the fact that they are all
interconnected. With the help of CT, we evaluated the signs
of rupture, the presence of hemorrhage and the volume of
hematomas, as well as the presence of calcified areas.
MRI was performed to assess the compactness of the AVM.
CT angiography and DSA were used to visualize not only
the nucleus itself - the "nidus” of the AVM, but also the
supplying vessels and the participation of the blood
supplying arterial pools, the size and course of the vessels, as
well as the points of connection with the "nidus”, the nature
of the draining veins, their size and flow blood in the
draining vein, in particular, inside the "nidus” (Fig. 1). The
relationship of AVM with surrounding anatomical structures
was also studied, the presence of thrombosis of the AVM
was determined, which is extremely important for planning
surgery. In addition, 3D modeling of intracerebral vessels
was of decisive importance in preoperative planning,
which made it possible to visualize the relationship of
microanatomical structures, i.e. pathological vascular plexus
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in three-dimensional space. For the purpose of a more
detailed study of the results of surgical treatment of AVMs, a
modified Spetzler-Martin & Lawton-Young classification
was used [4] (Table 2).

Table 1
. The1® | The2™ | The3™
Indicators
group group group
Female. 4 8 3
Gender
Male. 5 4 2
Grade | 3 3
Gradation of Grade Il 4 7
AVM by
Spetzler-Martin, Grade Il 2 2 !
Lawton-Young | Grade IV 3
Grade V 1
| degree - 1 3
11 degree 4 2
Hunt-Hess 111 degree 1
1V degree
V degree
| degree 2 1
. 11 degree 4
Fischer
111 degree 5
IV degree 2
| degree 6 10 4
11 degree 1 1 1
Glasgow
Outcome Scale Il degree 2
IV degree - 1
V degree
Table 2
SPETZLER - MARTIN POINTS ADDITIONAL
LAWTON-YOUNG INDICATORS
<3cm 1 <20
years
20—
Size 3-6c¢cm 2 Age 40
years
>6cm 3 > 40
years
Venous Superficial 0 No
. Rupture
drainage Deep 1 Yes
Functional No 0 Yes
L Compactness
significance Yes 1 No
Maximum 5
score

Surgical technique
Anatomical features of AVM from a surgical point of view.

Arteriovenous malformations come in various shapes:
sphere, ellipse, cylinder, and classic cone. The conical base
of the AVM is located on the surface of the cortex and tapers
with a tip in the ependyma region. Although AVMs are never
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cube-shaped, Lawton et al. Recommends presenting them
as a "box" with six sides: one upper (or superficial side),
four sides further the lower (or deep side), which gives the
AVM a definable side that is medial and lateral, anterior and
posterior, superior and inferior [5,6]. These distinctive
features can then be characterized by connections to dural
venous structures, cortical landmarks, feeding arteries,
draining veins, and cranial anatomy. The "box" allows the
neurosurgeon to present the anatomical features of the AVM
from a surgical point of view. As you collect information
from angiograms, MRI scans, CT angiography and native
CT scans, you need to sequence by sequence and run after
run, go through each scan to get acquainted with the AVM
and see the relationships between arteries and veins, analyze
bifurcations or tortuosities that can be submerged in the
sulcus, and identify embolic agents that can serve as
landmarks during surgery. MRI images can be scrolled up
and down to locate functionally significant areas of the brain,
identify clear pial planes in a sulcus, or display an adjacent
clot on CT scans as a pathway to an AVM. And also, the
use of 3-D AVM modeling in preoperative planning and
intraoperative period makes it possible to compare and
evaluate in detail the structure of the angioarchitectonics
of the pathological area, the leading vessels, the draining
vein and to visualize in all planes the relationship of
microanatomical structures in the virtual three-dimensional
space of the operating field and thereby maximize the angle
of attack of the operating microscope to the pathological
focus (Fig. 1).

Craniotomy and selection of the surgical angle of attack.

One of the features of AVM surgery is the choice of
the size of the craniotomy, the size of which depends on
the length of the AVM area. It should be noted that many
authors always recommend a sufficiently wide craniotomy to
cover the entire surface of the AVM and avoid the use of
minimally invasive approaches, which at one time makes it
possible to more correctly understand the intraoperative
angioarchitectonics of the AVM [5,6]. When it comes
to osteoplastic craniotomy, the more the better. A minor
craniotomy can obstruct parts of the AVM, create an
obstructing bone protrusion, force additional dissection in
the wrong plane and direction, limit the use of the full
scope of microsurgical views and microsurgical instruments,
and cause unnecessary errors. In this regard, the widest
craniotomy is recommended, taking into account the
shape and size of the AVM, which makes it possible to trace
both the feeding vessels and the draining system of the
pathological vascular plexus. Also provides sufficient area
for adequate dissection and disclosure of the subarachnoid
space and subpial dissection along the border of the
pathological vascular plexus.

One of the important points in AVM surgery, and in
all microneurosurgery, is the correct choice of the angle
of attack, i.e. operating microscope viewing angle and
microsurgical actions. The optimal angle of attack for
convexitally located AVMs is the parallel passage of the
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visualization axis of the microscope optics with respect to
the axis of AVM. At the same time, it becomes possible to
visualize all sides of the pathological area in a layer-by-layer
and stepwise sequence with a clear view of both the
adducting vessels and the draining veins, which allows AVM
resection with minimization of damage to the surrounding
tissue, thereby reducing the risk of possible intra- and
postoperative complications. For deeply located AVMs, the
use of a phased dissection parallel to the axis is impractical
due to the fact that the surgical corridor is lengthened.
In such cases, it is recommended to use the so-called
"perpendicular” access. This access provides as far as
possible, phased devascularization on one side of the
pathological site. The trajectory of microsurgical
manipulation to turn off the blood supply for deep AVMs
should be changed in stages, turning off one side and with the
transition to the other sides to completely disconnect the
pathological focus from the blood supply [5,6]. This angle of
attack has the advantage of avoiding transcortical routes
through healthy brain tissue. However, imaging restriction
and reduced maneuverability around the AVM appear, and
as the AVM is mobilized with this technique, the risk of
intraoperative complications such as bleeding increases.
Application of this method is more appropriate for small
AVMs.
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Devascularization and subpial AVM dissection.

From the moment the AVM was exposed, i.e. after
subarachnoid perimeter dissection and after identification
of the adductor vessels using bipolar coagulation,
devascularization begins. It should be noted that vascular
coagulation should be carried out as close as possible to the
AVM coil, since with more proximal coagulation, the risk of
vascular shutdown in the areas of normal brain tissue
involved in nutrition and postoperative zones of infarction
increases. And also, on the contrary, it should be noted that
during coagulation of the feeding vessels in contact with the
AVM “nidus” itself, the risk of arterial bleeding from the coil
itself sharply increases. In this regard, it is recommended to
maintain a distance from the AVM coil from 3 mm to 7 mm
[5]. Devascularization of AVMs should be started with large,
namely, feeding vessels, which are the initial goal of the very
idea of devascularization due to the fact that the inflow into
the AVM in these vessels is greater than in others. From the
moment of excretion of the adducting vessel, a temporary
clip is installed, retreating by 7 mm proximally from the
AVM coil. This maneuver allows squeezing the vessel
lumen and stopping the blood flow, which increases the
efficiency of coagulation. After bipolar coagulation of this
area, the proximally applied clip is removed and then
dissection is performed using microscissors (Fig. 2).

MSCT angiography with 3D modeling, is determined by the
AVM supplying blood from the basins of the middle, anterior
and posterior cerebral arteries;

A) Coronal projection;

B) Sagittal projection;

C) The red arrow indicates the AVM calcification site

DSA instandard two projections, the area of calcification is not
determined;

A)Front projection

B) Sagittal projection

Figure 1
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Figure 3.
technique

Schematic representation of the AVM devascularization

Further, devascularization should be continued along
the entire perimeter, and as this maneuver proceeds,
it is necessary to continue devascularization deep into the
medulla along the perimeter of the AVM. It should be noted
that deeply located small vessels have their own special
structure, which consists in the fact that their walls are thin
with poorly developed layers of elastic and smooth muscle
cells and this anatomical structure makes it difficult to
adequately perform bipolar coagulation. In order to perform
an adequate shutdown of these small adducting vessels,
we recommend using the "dirty coagulation” method. The
peculiarity of this technique is that subpial AVM dissection
should be carried out around these vessels with the capture of
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the surrounding brain tissue up to 5 mm. Since the perimeter
of the AVM has a glially altered area and the method of
"dirty coagulation" does not cause the risk of postoperative
neurological complications and thereby avoids uncontrolled
intraoperative  bleeding. This technique is used to
devascularize the AVM along the entire perimeter and only
after that the microscope optics is focused to the AVM
drainage system (Fig. 3). The main indicator, which means
complete devascularization of AVM, is a change in the color
of the draining vein in blue from scarlet arterial to the
so-called "blue tail". This means that the AVM is completely
devascularized and can be disconnected from the draining
vein and the nidus may be removed from the bed.

4. Results

The results of our study showed that microsurgical
interventions were performed in 34.6% (n = 9) cases, 46.2%
(n = 12) endovascular (embolization) interventions and in
19.2% (n = 5) cases, there was a combination of partial
embolization followed by microsurgical resection. Our study
was observed in 61.5% (n = 16) cases with ruptured AVM’s.
From them in 56.3% of these, (n = 9) cases - intracerebral
hemorrhage (ICH) and in the remaining 43.7% (n = 7) cases,
SAH. Among ICH, in 33.4% (n = 3) cases, the hematoma
was located in the frontal lobe, in 11.1% (n = 1) cases, in the
temporal lobe, in 22.2% (n = 2) cases, in the parietal lobe
with spread to the mediobasal regions and the ventricular
system, in 22.2% (n = 2) cases in the occipital lobe and in
11.1% (n = 1) was subtentorial hemorrhage. Of the patients
who underwent a rupture, 25% (n = 4) cases were admitted in
the acute period, in 43.7% (n = 7) cases in the subacute
period and in 31.3% (n = 5) cases in the cold period. In the
remaining 38.5% (n = 10) cases, the clinical picture was
presented by a pseudotumorous course (general cerebral
symptoms, convulsions and focal deficit). From 34.6%
(n = 9) cases, in the 22.2% (n = 2) showed signs of
partial thrombosis of the malformation after the previous
hemorrhage. Considering these signs of a partially
thrombosed node, it was decided to limit ourselves to
microsurgical resection. In one case, there was a
postoperative complication in the form of hemorrhage in
the bed of the resected malformation with the emergence
of persistent neurological deficit in the form of deep
hemiparesis, and in another case, in one patient, elements of
motor aphasia. 19.2% (n = 5) of patients with grades Il and
IV, one patient in the postoperative period had a slight
neurological deficit in the form of foot monoparesis, which
regressed within 10 days.

5. Discussion

Surgical treatment of AVMs should be adapted depending
on the AVMs’ gradation. Despite the fact that surgical
resection is the gold standard, with the development of
minimally invasive interventions, the use of microsurgery
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has become more rational for small (I and Il grades),
convexitally located AVMs. For AVM grade 11l and more,
one-stage total embolization is, in most cases, hardly
possible. Partially embolized AVMs of grade 111 and higher
in the early postoperative period may be complicated by
rupture and ICH from the residual part of the AVM. To date,
the most optimal choice of AVM treatment method is a
combination of partial endovascular embolization and
microsurgical resection [7].

The incidence of vascular catastrophes due to AVM
rupture is 1-2% among all strokes, in 4% of cases
accompanied by ICH and in 9% of cases with SAH [2].
In our results the incidence of ICH was 61.5%.

In the studies of carried out by Hamilton M.G. and
Spetzler R.F, it was noted that the risk of developing
neurological deficits and deaths in the postoperative period
after microsurgical resection for AVMs of | and Il grades
is 1%, 3% for AVMs of grades | and 11, 31% and 50% - for
AVMs IV and V grades, respectively [8,9]. The presence of
hemorrhage or a history of early hemorrhage is a criterion for
active surgical tactics. However, there are strict indications
of the patient selection criterion for microsurgical resection,
such as the age and general condition of the patient, AVM
size, localization, angioarchitectonics of malformation,
surgical accessibility, and cerebral circulation [10]. Acute
hemorrhage has a number of advantages and disadvantages
in AVM surgery. The advantage is that the hematoma
envelops the malformation around its perimeter and thus

subpial dissection is achieved. Also, as the hematoma
evacuates, a residual space and a corridor for manipulation
appears, minimizing trauma to the already injured medulla.
Despite this, one of the most negative effects of acute
hemorrhage is a significant decrease in the visualization of
the AVM “nidus” due to the staining of the imbibed medulla
and the adductor and outlet vessels [8,9,11,12]. Analysis of
the literature also showed that the risk of hematoma in the
bed in the postoperative period is about 40% [4], which was
11.1% in our research.

Despite the fact that microsurgical resection is the most
radical method of treatment, the majority of patients (42.5%)
require a combined method of treatment, i.e. the combination
of microsurgical resection and preliminary preoperative
embolization [13]. (Fig. 4).

Preoperative embolization can increase resectability and
reduce the risk of complications in patients with AVM grade
I11 and higher, which is achieved by turning off hard-to-reach
sources of blood supply and corresponding intra- and
postoperative complications [14]. The advantage of the
combined technique of surgical treatment of AVM is a
decrease in the risk of complications that are observed with
the use of each method separately [13]. It should also be
noted that the risk of hemorrhage in the AVM bed in the
postoperative period is sharply reduced when the two
methods are combined from 40% to 18%, respectively
[13,15,16].

STRIGHT . LATERAL

BEFORE EMBOLIZATION

AFTER EMBOLIZATION

Figure 4. Combined technique of AVM treatment, endovascular embol
microsurgical resection

ISOLATION OF THE ADDUCTOR VESSEL WITH RESECTION
AND SUBPIAL DISSECTION

DISSOCIATION OF THE VENOUS DRAIN AND REMOVAL OF
THE AVM NODE

ization of the adductor vessels and partly of the AVM “nidus” followed by
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6. Conclusions

Thus, a detailed study of the anatomical structure of
the AVM, and representation in three-dimensional space
using three-dimensional reconstructive anatomy, the correct
choice of craniotomy and angle of attack depending on the
localization of the AVM, as well as the correct shutdown of
the adductor vessels and subpial dissection, as well as a
combination of endovascular embolization with subsequent
surgical resection, which allows not only to increase the
resectability of the AVM, to minimize the trauma of the
medulla and surrounding vessels in the surgical corridor,
without begging for postoperative results of surgery.
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