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Short-Burst Bipolar Coagulation for Repairing Partially Damaged Brain Arteries

Preserving Their Flow: Technical Note
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-OBJECTIVE: Preservation of the integrity of perilesional
and intralesional arteries, as well as of perforating vessels,
is of utmost importance in microneurosurgery. The purpose
of our study was to describe our adaptation of the short-
burst bipolar coagulation technique, which was initially
introduced by Professor Yasargil, for repairing partially
damaged brain arteries.

-METHODS: When a brain artery is partially and inad-
vertently damaged during microneurosurgical procedures,
microscope magnification is further increased from the
high magnification that is routinely used (10e153) up to
14e173 in order to recognize clearly the injured zone of
the vessel. Then the exact bleeding point is identified with
a precise suction. Next, bipolar forceps with sharp tips (0.3
mm) are used to seal the wall of the injured artery, closing
the borders of the hole between them. A delicate coagu-
lation (20 Malis units, 3 watts) is performed for less than a
second according to the so-called “open-close” technique.
Short and small bursts of coagulation are used to pro-
gressively reduce the size of the defect by cauterization of
the surrounding tissue. This gradually diminishes the
bleeding up to restore the functional integrity of the vessel
wall.

-RESULTS: The senior author’s modification of the
Yasargil technique has been used for more than 30 years as
a simple and fast method of microsurgical vascular repair
of small tears.

-CONCLUSIONS: The bipolar coagulation represents a
safe, clean, fast, and even cheap method for repairing wall
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defects in fine arteries that are accidently damaged during
a microsurgical operation.
INTRODUCTION
he preservation of normal perilesional and intralesional
arteries, as well as of perforating branches, is crucial in
T every microneurosurgical operation. Their protection may

require extremely high precision and tedious work, but this is

essential to achieve an optimal result. If an artery is accidentally
injured, its flow should be immediately restored in order to pre-

vent postoperative complications such as cerebral ischemia,
hemorrhagic infarction, and even death in some cases.1-8

Various surgical procedures (such as microsuture, bypass tech-

nique, wrapping, microvascular clip placement, or AnastoClips)
have been used for dealing with intraoperative arterial rupture.

Suturing techniques may be time consuming and are associated
with potential ischemic complications that are proportional to the

occlusion time for repair. Moreover, a vessel’s patency may be

compromised with subsequent thrombosis. The main advan-
tages of nonsuturing techniques are shorter operative times,

better access to narrow and deep surgical corridors, and reduced
intimal injury.9-12 However, all of the these techniques may not

be as effective in dealing with fine tears of very small vessels.

The microsurgical vascular repair of small tears using the bipolar
coagulation was introduced by Professor Yasargil in the 1960s. In

his method, suction and compression with a pledget are used to
identify the bleeding site, which is subsequently sealed by bipolar

coagulation. If bleeding persists despite these maneuvers, tem-
porary microvascular clips are applied (first only proximally and
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TECHNICAL NOTE
then distally, if required), before the tear in the artery wall is

repaired by bipolar coagulation or microsuture.1,13,14

In 1982 the senior author (J.H.) visited the Department of
Neurosurgery at the Zurich University Hospital. Since then, this

technique was adapted and used to perform more than 15,000
surgeries in 30 years (Figure 1).

The aim of this report is to present our strategy for the application
of this elegant technique that well exemplifies the general phi-

losophy of Helsinki microneurosurgery: “simple, clean, fast, and
preserving normal anatomy.”2,3
SHORT-BURST BIPOLAR COAGULATION TECHNIQUE

This technique does not need special equipment; the basic set of
Professor J. Hernesniemi includes the usual microsurgical in-

struments, specifically bipolar regular stainless steel forceps
(with sharp tips [0.3 mm] for delicate coagulation [20 Malis units,

3 watts (W)] or blunt tips for medium, straight-caliber vessels [25
Malis units, 5 W]), a suction tube (with 3 holes at its base that

enable controlling the suction force by sliding the thumb), and a
Figure 1. Drawings illustrating the bipolar coagulation technique for
repairing of partially damaged brain arteries described by Professor
Yasargil (A) and Professor Hernesniemi’s modification (B) (see text for
details).
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handheld syringe for focused saline irrigation (if it is needed to

clean the surgical field) (Figure 2).2,3

Despite a careful and meticulous microneurosurgical dissection,
sometimes the walls of fine perilesional and intralesional arteries,

as well as of perforating branches, may be partially and inad-
vertently damaged, producing a small tear in the vessel or more

copious and risky bleeding.

In such troublesome circumstances, the following steps are

required:

1). Microscope magnification is further increased from the high
magnification that is routinely used (10e15�) up to 14e17�
in order to recognize clearly the injured zone of the
vessel.2,3,15

2). Then, the exact bleeding point is identified with a precise
suction; a focused saline irrigation is applied just if this is

necessary to clean the surgical field as it may disturb the
view. Temporary clips are not used regularly, but sometimes

a small pledged may be useful. The adjustment of the
strength of the suction usually allows the surgeon to control

bleeding in most cases (Figure 3).13,16,17

3). Once the bleeding is going straight into the suction tube,

bipolar forceps with sharp tips (0.3 mm) are used to seal the
wall of the injured artery, closing the borders of the hole

between them while the blood flow maintains the normal
diameter of the vessel.

4). A delicate coagulation (20 Malis units, 3 Watts) is performed
for less than a second according to the so-called “open-

close” technique. In this step, a precise activation/deactiva-
tion of the bipolar device is of utmost importance: This

requires good “eye-hand-foot coordination,” or an accurate
teamwork with the scrub nurse if he or she has the control of

the bipolar foot pedal. Bipolar forceps with blunt tips (25 Malis
units, 5 Watts) may be used for straight, medium-caliber

vessels.18-20
Figure 2. The basic set of Professor Juha Hernesniemi.
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Figure 3. Intraoperative microscopic photographs illustrating the bipolar
coagulation technique for a small perforating branch from right A3,
inadvertently damaged during an interhemispheric approach (A). Ten
short bursts of coagulation allowed the surgeon to completely seal the
vessel wall defect (B).
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5). Short and small bursts of coagulation are used to progres-

sively reduce the size of the defect by cauterization of the
surrounding tissue. This gradually diminishes the bleeding up

to restore the functional integrity of the vessel wall.
Video available at
6). Surgicel strips soaked in papaverine may be

applied in order to promote vasodilation, thus
preventing the risk of vasospasm.

7). Microsurgical Doppler and indocyanine green
angiography may be used to assess blood flow in

the repaired cerebral vessel.21-23
WORLDNEUROSURGERY.org
ILLUSTRATIVE CASES
Illustrative Case 1
A 48-year-old woman underwent clipping of a right pericallosal
artery aneurysm via a right frontal interhemispheric approach.

During the interhemispheric dissection, a small perforating
branch from right A3 was inadvertently damaged. Bipolar
326 www.SCIENCEDIRECT.com WORLD NEU
coagulation technique was then performed to repair this fine

artery. Ten short bursts of coagulation during 60 seconds were
necessary to completely seal the vessel without evidence of

vascular stenosis or collapse (Figures 3 and 4) (see Video,
Supplemental Digital Content 1, demonstrating the bipolar

coagulation technique to repair a partially damaged perforating
branch from right A3).

Illustrative Case 2
A 55-year-old man with a left temporal high-grade glioma un-

derwent a left temporal craniotomy and removal of the lesion. A
small left temporal M2-M3 branch was accidentally damaged

during the procedure. This fine artery was immediately repaired

using the bipolar coagulation technique without producing
vascular stenosis, collapse, or thrombosis (Figure 5) (see Video,
Supplemental Digital Content 2, illustrating the bipolar coagulation
technique to repair an inadvertently damaged small left

temporal M2-M3 branch).

DISCUSSION

When the vessel has a medium or large caliber and the wall

defect is not small, methods for definitive repair include micro-
suture, microvascular clip placement, AnastoClips, wrapping, and

bypass technique.9-12 However, all of these procedures are not
so useful when the lesion is particularly fine and/or the vessel

especially tiny.

In such circumstances, the ability of accomplishing precise he-
mostasis without harming the surrounding neurovascular struc-

tures is of utmost importance. In this regard, the development of
electrosurgery played a key role. In the 1920s Bovie developed

his original foot pedaleoperated monopolar electrosurgical unit,
which was rapidly appreciated and largely adopted by Cushing.24

In 1940, Greenwood introduced the use of a 2-point coagulation
system.25-27 This concept was later improved by Malis, who

designed a bipolar coagulator by combining a spark gap generator
with surgical forceps, which causes no current spread or radia-

tion of heat to surrounding tissue.28-30 The availability of such
focused bipolar coagulation allowed doctors to take full advan-

tage of the operating microscope and contributed to the further
development of microsurgical techniques.

In 1996 Professor Yasargil described the use of the bipolar for-

ceps for microsurgical vascular reconstruction, which had being
used since the 1960s. In the original technique, suction and

compression with a cottonoid are used to control the bleeding so
as to identify the exact location of the vessel wall defect. Next,
ROSURGE
the small tear is sealed using bipolar forceps with
sharp tips (0.3 mm) for a delicate coagulation (15e20
Malis units, 1.6e3 W). If the bleeding is not
completely halted, temporary microvascular clips are

placed (the proximal one first, then the distal clip, if
necessary) to coagulate the defect.1,31

Our technique for microvascular repair takes advan-

tage of high magnification of the operating microscope (10e15�)

to identify the bleeding site. The usefulness of such 3D-magni-
fied vision is clearly evident, even more evident increasing the

magnification above those values.13,15

Contrary to Professor Yasargil’s original method, in our modifi-
cation sponges or cottonoids, which could restrict the working
RY, http://dx.doi.org/10.1016/j.wneu.2016.06.013
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Figure 4. Sagittal preoperative computed tomography
(CT) angiography image revealing a right pericallosal
artery aneurysm (A). Sagittal postoperative CT scans

showing a complete clipped aneurysm without
evidence of hemorrhage or ischemia (B and C).
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area, are not routinely used to compress the vessel wall defect.

Instead, we prefer a careful suction. In this regard, adjusting the
strength of the suction by sliding the thumb over the 3 holes in

the handle is extremely helpful. This, along with a focused saline
irrigation, when necessary, guarantees achieving an optimal

control of bleeding in most cases. However, as proposed by
Yasargil, a small sponge may be extremely useful to gently turn

the artery when the bleeding site is on the contralateral wall of
the vessel.1,31 In addition, in these circumstances the vessel wall

defect may be safely and effectively sealed by using angled bi-
polar forceps.

Moreover, no microvascular clip is regularly used in our modifi-

cation. Hence, there is no potential dangerous occlusion time.
Instead, the blood tear from the injured zone helps us to identify
Figure 5. Preoperative axial gadolinium enhanced
magnetic resonance imaging (MRI) revealing a left-
sided heterogeneously enhancing intra-axial temporal
lesion (A). Postoperative axial gadolinium-enhanced

WORLD NEUROSURGERY 93: 324-329, SEPTEMBER 2016
and coagulate the wall defect, making a sealant with the blood

components going through the hole. In addition, the blood tear
also works as a fine irrigation between the bipolar tips, pre-

venting them from sticking during the coagulation.

A high-quality microsurgical technique may prevent the “stick-
ing” of bipolar tips after coagulation, allowing surgeons to get

good results with cheap, regular forceps. These forceps are, in
most cases, the only ones available in developing countries

where the nonstick bipolar forceps or even disposable ones are
out of the health care system’s budget.

Furthermore, keeping the flow inside the vessel may preserve the

normal diameter of the artery during the procedure and may theo-
retically reduce the risk of a stenosis or an intraluminal collapse.
MRI confirming the gross total resection of the tumor
without evidence of surrounding hemorrhage or
ischemia (B).
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TECHNICAL NOTE
In our experience, a bipolar power setting of 20 (sharp) to 25

(blunt) Malis units (3 and 5 W, respectively) may allow us to get
good results. Lower intensities are usually insufficient for good

control.

Potential hazards for this technique are the following:

1). The complete coagulation of the injured artery produced by
accidentally hugging the fine vessel between the tips of the

bipolar; this will determine a definitive arterial damage with a
consequent occlusion and a possible cerebral infarct.

2). An imprecise positioning of the bipolar tips while repairing the
bleeding site of a medium caliber and atherosclerotic vessel

may injury the normal arterial surface adjacent to the defect,
enlarging it and making impossible its repair.

3). An inadequate control of the suction power may produce

catastrophic consequences.
4). An alternative technique, seldom needed in our practice, is to

apply and compress hemostatic agents around the lesion.
However, with this more time-consuming option, the surgical

field becomes dirty. Moreover, it is not safe under high
magnification as the anatomic structures are hidden behind

the same hemostatic agents.
A careful and meticulous application of the bipolar coagulation

technique may help to avoid all the previously mentioned
complications.

Nonetheless, only constant training under high magnification al-

lows surgeons to develop the microsurgical skills and manual
dexterity that are required to master this technique with care and

precision.32 On the other hand, a judicious application of
microsurgical principles may reduce complication rates and the

need to use such a technique.

To summarize, as mentioned earlier, the bipolar coagulation

technique is indicated when the lesion is particularly fine and/or
the vessel is especially tiny. For damaged proximal arterial
328 www.SCIENCEDIRECT.com WORLD NEU
branches, this technique is not recommended and we prefer to

use microsuture, microvascular clip placement, AnastoClips,
wrapping, or the bypass technique. Similarly, if the vessel wall

defect is wider than 5% to 10% of the vessel diameter and/or the
ratio between the laceration and vessel wall thickness is rela-

tively high, other solutions may be required because the bipolar
coagulation technique may not be as effective and may even be

dangerous.

In our experience, a correct indication for use of the bipolar
coagulation technique (i.e., small wall defects in fine arteries

accidently damaged during a microsurgical operation) was not

frequent, about 3 to 4 cases/year. In these circumstances, the
bipolar coagulation technique allowed us to safely restore the

functional integrity of the vessel wall in 95% of the cases.
Moreover, when the bipolar technique was employed, no post-

operative related clinical complication was detected. In addition,
in 95% of the cases no luminal stenosis was evident at post-

operative radiologic controls. A radiographic arterial narrowing,
without any correlated clinical symptom, was demonstrated in

only 5% of cases.

In the remaining 5% of cases, proximal control using microvas-
cular clips was required in order to apply the bipolar coagulation

technique, or alternative solutions were needed to seal the
vessel wall defect (such as wrapping with hemostatic agents or

fine stitches). At times, if proximal control was difficult to reach
and/or the risk of consequent neurologic deficits was too high,

coagulation with adhered tumor tissue or a small piece of sponge
was useful to seal the hole and avoid laceration.

CONCLUSIONS

In summary, the bipolar coagulation technique represents a safe,
clean, fast, and even cheap method to repair wall defects in fine

arteries that are accidently damaged during a microsurgical
operation. Hence we believe that this relatively simple technique,

borne out by years of experience, should be a useful adjunct in
the neurosurgical armamentarium.
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