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Surgery of cerebral arteriovenous malformations (AVM) is 
considered to be high-risk. This means that the risk of having 
complications during or soon after surgery is substantially 
elevated. This article describes the possible peri-operative 
complications for surgery of arteriovenous malformations 
and some suggestions to avoid their onset.

Brain malformation surgery has predominantly three 
kinds of complications that may result in possible neurologi-
cal deficits for the patient:

 1. Direct lesion of eloquent areas.
 2. Postoperative bleeding due to the presence of a residual 

that has not been removed during surgery.
 3. Postoperative hyperemia.

 Direct Lesion of an Eloquent Area

Defining the limits between what is eloquent and what is not 
eloquent is not always so simple. Traditionally, eloquence 
has been referred to the cortical areas assigned to a specific 
function, essentially the motor areas, the areas of language 
and visual function, in addition, of course, to the brain stem 
and the deep structures. Magnetic resonance imaging with its 
high definition allows us to accurately understand the corti-
cal areas affected by the arteriovenous malformation and the 
contiguous ones that may be damaged by surgery.

Functional resonance in arteriovenous malformations is 
questionable [1] and probably not reliable, because the 
excessive flow surrounding the AVM can alter the BOLD 

effect. Transcranial magnetic stimulation may be a more pre-
cise method to identify the eloquent function. [2].

A malformation that affects eloquent cortical areas is 
hardly indicated as susceptible to surgical treatment. In these 
cases, the use of the Gamma Knife is the preferred alterna-
tive to surgery [3, 4].

Concerning eloquence, until a decade ago, white matter 
did not deserve great attention from neurosurgeons. Over the 
last decade the study of magnetic resonance with tractogra-
phy allowed a more precise definition of the deep tracts of 
white matter [5, 6] and how eloquent they are. Before the 
introduction of the non-stick bipolar, one of the biggest prob-
lems to deal with, during arteriovenous malformations sur-
gery, was to control the bleeding from the deep medullary 
vessels. That typically comes from the deep of the white 
matter [7]. These deep medullary vessels were extremely 
challenging to coagulate and required a meticulous and 
patient coagulation technique that was often laborious and 
difficult to obtain. Managing these fragile vessels was diffi-
cult because of the disproportion between the size of the ves-
sel and the thickness of the protein wall. These vessels must 
often be pursued in the depth of the white substance to obtain 
a secure hemostasis. This often caused a damage of eloquent 
white matter tracts. Conventional bipolar forceps were effec-
tive only within a narrow range of humidity obtained by the 
irrigation of the surgical field. An excessive washing made 
the coagulation ineffective, while an insufficient washing led 
to an adhesion of the vessel to the tips of the bipolar forceps 
with subsequent rupture.

Today the hemostasis techniques are significantly 
improved. The introduction of the non-stick bipolar permits 
a more effective coagulation and does not require irrigation 
(dry coagulation). This allows the surgeon to be more effec-
tive at lower-current intensities without sticking the wall of 
the fragile deep vessels to the tip of the bipolar.

The use of non-stick dry coagulation, possibly in associa-
tion with the “dirty coagulation” described by Hernesniemi, 
now makes coagulation of these medullary vessel easier and 
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more effective. Dirty coagulation is a technique that, when the 
vessel wall is very thin, uses a small part of brain tissue adja-
cent to the vessel to increase the amount of protein to be sub-
jected to coagulation [8]. This changed the risk of damaging 
eloquent deep white matter and permits more selective excision 
of the arteriovenous malformation within the interface malfor-
mation-brain tissue. We have found also that Thulium laser 
proved to be very useful in coagulating these very fragile deep 
vessels. It is a very versatile tool that allows a coagulation of 
the vessels without direct contact [9]. We prefer to avoid the use 
of contact hemostatic agents in AVM surgery, as often postop-
erative bleeds are related to residues and cannot be avoided 
with overlying hemostatic agents that can actually cause the 
spread of the bleeding into the parenchyma instead of the sub-
arachnoid space. If a vessel has to bleed, it is preferable for the 
blood to spill in the cavity rather than within the brain.

Moreover, in the last few years the strict interaction with 
neuroradiologists promoted the selective use of presurgical 
embolization to close specific deep vessels that we anticipate 
will be difficult to reach during the excision of the AVM, 
instead of a massive nidus embolization. The previous strat-
egy of embolizing the nidus with Onyx through the large 
feeders keeps the deep feeders open, often with an increased 
flow, complicating the control of bleeding [10]. Selectively 
embolizing the deep feeders reduces the need to follow a 
bleeding vessel in the deep white matter. Difficulty control-
ling hemostasis of these vessels was one of the main causes 
of postoperative neurological damage. The introduction of 
non-stick bipolar dramatically improved the outcome of 
AVM surgery by allowing a more selective resection with a 
faster and safer surgery.

Obtaining a good hemostasis of the deep vessels is essen-
tial to avoid direct damage to the white substance but is also 
the key to avoiding postoperative hemorrhages. A last detail 
can be suggested regarding arteriovenous malformations 
with deep feeders involving branches from the choroidal 
arteries: When safe, try to reach the ventricle, where the 
medullary vessels coming from the choroidal arteries are 
more easily identifiable and controllable.

 Postoperative Hematoma

Postoperative bleeding usually occurs very early, in the first 
postoperative hours after surgery for arteriovenous malfor-
mation. Out of 214 AVM treated in the last 7 years, we had 
only two episodes of postoperative bleeding that occurred 
after 24 h.

The main causes of postoperative bleeding are:

• An inaccurate hemostasis of the aforementioned deep 
feeding vessels.

• A bleeding from a large-sized vessel where coagulation 
ceases after a while. We experienced re-bleeding from 

vessels that appeared to be well coagulated and then 
caused postoperative hematomas. We observed that 
relevant- sized collateral originated a few millimeters 
before the previously coagulated end of the cut vessel. 
The collateral therefore maintained high pressure near a 
too-short coagulated tract of the vessel. We therefore rec-
ommend in these cases to use a micro clip to control the 
bleeding. It is important to keep a long-coagulated tract of 
the vessel where the blood can stagnate and then stabilize 
the clot. If this is not possible, and if the vessel has a sig-
nificant caliber, it is advisable to use micro clips for AVM 
to ensure a better seal of the clot.

• A third element that can lead to postoperative bleeding is 
the presence of a residual of the malformation that has not 
been removed during surgery because it is hidden by 
brain tissue. In our experience this has happened close to 
eloquent areas that we want to preserve, or has been 
caused by lack of awareness of the full extent of the mal-
formation. The presence of a residual in the postoperative 
angiography has a high risk of bleeding, so our modus 
operandi is to return to the operating room and complete 
the removal of the malformation in the same setting, if 
this is possible. It is important to reduce intraoperatively 
the chances that this will occur. Tools that allow us to 
detect the presence of a hidden residual at the end of the 
surgical procedure are:
 – Intraoperative Fluorangiography (FA) with Indocyanine 

green is useful to check the flow in the vessels in real 
time. A recognized limit of FA is that it shows only 
what is on the surface. What is beyond the surface 
remains hidden. Nevertheless, the key sign to look for 
in the presence of a hidden residual of AVM is the early 
filling of a visible vein in the surgical field [11].

 – Intraoperative Ultrasound doppler and enhanced 
Ultrasound imaging with microbubbles contrast. High 
definition ultrasound is a new, valuable instrument in 
the OR. It is cheap and in real time. It can be of valu-
able in AVM surgery. Doppler ultrasound can show a 
high flow beyond the surface. The use of contrast with 
microbubbles allows us to identify beyond the visible 
surface the possible presence of a small residue. It is a 
technique that requires training and confidence with 
the instrument, but can be a precious help [12].

 – The intraoperative micro-Doppler can be used to 
explore the entire surgical cavity. If high flow is identi-
fied, it can indicate a residual malformation that is 
worthwhile to explore [13].

 – Obviously the most suitable instrument to identify 
AVM residuals is a catheter angiography; therefore, a 
hybrid surgical room equipped with intraoperative 
angiography represents the best solution. They are 
rare and only few centers have the luxury of an inte-
grated operating room. If the hybrid O.R. is not avail-
able, we suggest obtaining an angiographic 
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examination immediately at the end of the surgical 
procedure even if this may prove time-consuming. 
The last element that can favor a postoperative bleed-
ing is an increase in the arterial pressure during the 
postoperative awakening or transport of the patient. 
During the awakening phase, the patient can feel pain 
and the arterial pressure can increase, or the patient 
may cough and increase the venous pressure. Both 
situations are dangerous when you must rely on frag-
ile vessels just coagulated. For this reason, it is prefer-
able to maintain the patient asleep for at least 12 h in 
intensive care, especially in complex malformations 
and those where intraoperative hemostasis has been 
more difficult. This allows for the stabilization of the 
clot in the closed vessels.

 Postoperative Hyperemia

This complication typically occurs 3 or 4 days after the inter-
vention. It is a hemorrhagic infarction of the surrounding 
brain that progressively evolves and that may require reop-
eration or even bone-flap removal for brain decompression.

The underling process is explained by three different 
theories:

 – Normal perfusion pressure breakthrough [14, 15]
 – Occlusive hyperemia [16]
 – Venous engorgement [17–19]

The Normal perfusion pressure breakthrough theory is a 
term coined by Spetzler in 1978. He used it to indicate a 
postoperative hyperemia responsible for hemorrhagic infarc-
tion. According to the theory developed by Spetzler, the 
brain tissue around an arteriovenous malformation has lost 
the ability of self-regulating based on CO2. The chronic dila-
tation in the presence of chronic ischemia prevents an 
increase in the resistance of the capillaries once the malfor-
mation has been removed. The chronically dilated low- 
resistance vessels are therefore unable to resist the suddenly 
increased flow once the flow is redirected in the surrounding 
tissue after the AVM is removed.

The second theory is the occlusive hyperemia theory, pro-
posed by al-Rodhan in 1993. It is based on two interrelated 
mechanisms: the first refers to stagnation of the arterial flow 
in the vessels that previously supplied the malformation and 
its collaterals; the second refers to an obstruction of the 
venous drainage in the adjacent brain tissue, resulting in a 
venous engorgement.

The theory on venous engorgement refers to stagnation 
only into the venous compartment. This theory was pro-
posed in 1993 by Wilson and sustained by Schaller in 
2002 and by D’Aliberti in 2013. If the malformation has 

one or more large venous outflows, these veins tend to 
thrombose when the AVM is removed. If these veins drain 
the venous outflow of the surrounding cerebral paren-
chyma, thrombosis may extend so as to cause venous out-
flow obstruction, and therefore venous infarction of the 
surrounding brain tissue.

In our experience, postoperative hyperemia is a rare phe-
nomenon. Out of 266 cases it occurred only three times. In 
these three cases there was a large venous pattern that sug-
gested that the third hypothesis may reflect the underlying 
mechanism best.

We consider it extremely important to pay attention to the 
venous drainage of arteriovenous malformations. When the 
cerebral venous discharge involves the large draining veins 
of the malformation, the surgical risk of having postopera-
tive infarction is relevant. A direct surgical access to the mal-
formation must therefore be evaluated and eventually 
postponed (Fig. 1). Our strategy, depending on the character-
istic of the malformation, is to treat the malformation with an 
embolization in order to reduce the flow through the vein, 
and then wait a few months, if possible, to reduce the caliber 
of the main drainage vein. The second alternative is to treat 
the malformation with Gamma Knife to reduce the flow, 
allowing the venous outflow to redistribute. The possible 
residual can be operated after a few years.

Finally, in a few cases where there was a single large 
draining vein that collected also normal brain vein drainage 
and where we were worried that the thrombus can spread to 
functionally useful veins, we used a technique to reduce the 
caliber of the main draining vein of the malformation. On 
four occasions we treated the vein intraoperatively with 
Tullium laser, shrinking the vein and obtaining a reduction in 
the caliber to almost half of the diameter. The goal of this 
procedure was to increase the flow velocity and therefore 
prevent stagnation and thrombosis in the postoperative 
period (Fig. 2).

 Conclusions

Surgically related complications in AVM treatment, in many 
cases, can be avoided by paying attention to details:

 1. Careful selection of the patient:
 (a) addressing a patient with eloquent AVM to Gamma 

Knife treatment
 (b) preoperative treatment with selective embolization of 

the accessible deep feeders
 (c) preoperative gamma knife or embolize those patient 

with an over-expressed venous pattern
 2. Meticulous coagulation of deep medullary feeders:

 (a) Using dirty coagulation
 (b) Using dry non-stick coagulation
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 (c) Using micro clips
 (d) Using laser
 (e) Reaching the choroidal vessel in the ventricle when 

possible
 (f) Avoiding occlusive coagulation with hemostatic 

agents
 3. Check and avoiding any residual of the AVM

 4. Keep the patient under pressure control during postopera-
tive period

Fulfilling these steps contributed over time to reduced 
complications in this difficult surgery, leading to a safer 
treatment that compares favorably with natural history of 
brain arteriovenous malformations [20].

Fig. 1 An overexpressed venous pattern of a small temporal AVM. Resecting the AVM in this case, although technically feasible, is very danger-
ous due to the high risk of extensive thrombose of the venous network

Fig. 2 Laser shrinkage of the 
main draining vein to prevent 
spreading of the thrombus 
thorough useful draining 
veins
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