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27.1	 �Introduction

The term complex  intracranial aneurysms (CIAs) 
refers to aneurysm at a narrow and difficult loca-
tion, difficult shape, and also giant size (aneu-
rysm that is bigger than 25 mm in diameter) [1]. 
Giant aneurysms are more likely to bleed and 
present as subarachnoid hemorrhage, or some-
times they become partly thrombosed with isch-
emic brain causing mass effect with progressive 
symptoms or even death. Microsurgery and clip 
ligation can be challenging in CIAs because it is 
very difficult to have a panoramic view of the 
aneurysm, where sometimes the parent vessel is 
laid beneath the aneurysm, difficult to identify all 
branches and perforators, and also the surgical 
corridor could be very deep and narrow and sur-
rounded by important neurovascular structures. 
During the clipping, it is important to make sure 
the aneurysm is well clipped to prevent injury 
from any perforator (Figs. 27.1, 27.2, and 27.3). 
Flow arrest can be induced by using adenosine; it 
will briefly reduce cerebral perfusion pressure 
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Fig. 27.1  Preoperative fusion images of CIAs

Fig. 27.2  Schematic representation of an A Com A aneu-
rysm. The large mass does not allow circumferential dis-
section and visualization of the whole aneurysm, its 
branches, and perforators
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and the tension on aneurysm, thereby facilitating 
the clip ligation. The lenght of time while the 
flow arrest will provide the surgeon to work at the 
aneurysm and the parts surrounding it or even 
reduce the bleed if it was ruptured during dissec-
tion. It will provide the time interval for the sur-
geon to be able to secure the neck of the aneurysm. 
The adenosine is working by inducing the tran-
sient asystole for a few minutes.

There are 231 cases of intracranial aneurysms 
which used adenosine-induced flow arrest during 
microsurgery and clip ligation from 1999 to 2016 
(Bebawy JF et  al. have three published papers; 
there are some repeated cases in these three 
papers) [2].

27.2	 �Adenosine-Induced 
Transient Asystole

The adenosine is a nucleoside analog that can 
reduce the heartbeat and lengthen the electric 
conduction at the atrioventricular node. 
Adenosine will bind A1 receptors in the myo-
card, reducing adenylate cyclase activity and 
reducing intracellular cyclic adenosine mono-
phosphate (c-AMP). This will prevent calcium 
conductance and then shut down pacemaker 
activity. Adenosine has a half-life of 0.6–10  s, 
and it is quickly washed out from the circulation 

by uptake into erythrocytes and vascular endo-
thelial cells. Following the bolus injection, the 
heart rate will decrease linearly with the amount 
of dose until total AV node block happened. The 
adenosine effect will be seen 10–20  s after the 
bolus injection. There is a linear relationship 
between the dose and the length of asystole, and 
it reaches a plateau between 40 and 60 s at 1 mg/
kg body weight [3]. Going through the asystole, 
there will be a hypotension that may stay for up 
to 1 min. In practice, the adenosine is commonly 
used by the emergency physician or cardiologist 
to treat supraventricular tachycardia [4]. In the 
endovascular surgery, adenosine sometimes is 
used during endovascular aortic aneurysm repair 
[5, 6]and AVM embolization [7, 8].

27.3	 �Indications of Using 
Adenosine-Induced Flow 
Arrest for Complex 
Aneurysm

There are three earlier single-patient case reports 
during 1999–2007. The first case was reported by 
Groff et al. [9]; the clipping of basilar apex aneu-
rysm was done successfully with three doses of 
adenosine and no complications. Nussbaum et al. 
[10] then reported the second case. Nussbaum 
and his team successfully managed the intraop-
erative rupture of an A Com A (anterior commu-
nicating artery) aneurysm by using adenosine 
bolus injection. Prior to this attempt, they have 
tried temporary proximal control and cottonoid 
tamponade, but they failed to achieve adequate 
hemostasis. In this case, the adenosine facilitates 
the successful clipping of the aneurysm. The 
patient recovered very well, with no deficits and 
no complications related to the use of adenosine. 
Heppner et al. [11] reported the third case; it is a 
giant basilar apex aneurysm. Proximal control at 
the basilar trunk failed to relax the dome to allow 
perforator visualization and clip placement. They 
finally decided to give three boluses of adenosine 
while performing the aneurysm clipping. Sadly, 
this case resulted in a poor outcome, but it was 
considered not related with the adenosine.

Fig. 27.3  Microsurgery-integrated indocyanine green 
video angiography (mICG-VA)
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Recently, there are ten serial cases describing 
adenosine role in facilitating intracranial aneu-
rysm clipping during 2010–2016.

For CIAs clip ligation, if the aneurysm size 
is giant, the surgeon often finds it difficult to 
apply proximal control such as the case with 
big aneurysm at ICA bifurcation when it turns 
to ACA and MCA [12, 13]. Many surgeons 
used to prepare the extracranial carotid ves-
sel at the neck for proximal control to reduce 
the dome tension while clipping the aneurysm 
or manage the bleed if the premature rupture 
occurs. Nowadays, they also can combine by 
using balloon occlusion endovascularly and 
suction decompression or do the deep hypo-
thermic circulatory arrest, but it only could 
be done at the hospital with complete facility 
[14, 15]. Such combination of surgery may be 
associated with high morbidity rate that con-
tributed from the dissection of friable arter-
ies or distal arterial embolic occlusion due to 
endovascular manipulation. The other method 
is using cardiopulmonary bypass to facilitate 
clipping of difficult aneurysm, but there are 
risks of complication related to the bypass pro-
cedure such as arterial injury at the puncture 
site, emboli, and coagulopathy causing high 
number of postoperative intracranial hemato-
mas [16]. If the proximal control is unfeasible 
for the case, then the use of adenosine may 
induce a short-time deep systemic hypotension 
with flow arrest to the parent artery [9, 11, 17]. 
The studies have shown that 57 (24.7%) of 231 
patients got adenosine during posterior circula-
tion clipping, which include 25(10.8%) basilar 
artery aneurysm and 29(12.55%) unsorted pos-
terior circulation aneurysm. This supports the 
fact that the surgeries in this area are generally 
more difficult, with deep and narrow corridor; 
thus they are technically more challenging [3, 
9, 11, 18, 19] .

Some studies [3, 9, 11, 19, 20] have pointed 
out that proximal control by using temporary clip 
remains the gold standard. The use of adenosine 
should be an adjunct and optional, while it’s nec-
essary during the surgery, it should not be a 
replacement of the temporary clip occlusion.

27.4	 �Adenosine-Induced Flow 
Arrest

Since the first successful use of adenosine to 
facilitate the clipping of difficult unruptured basi-
lar apex aneurysm by Groff et al. [9], it has gained 
its popularity among neurosurgeons who were 
trying to do the complex aneurysm surgery.

Early surgery after the aneurysm rupture may 
have a higher incidence of premature rupture 
prior to clipping, and the surgical field sometimes 
so dirty by the subarachnoid blood causes diffi-
culty to get the proximal and distal of the parent 
vessel. When the premature rupture happened, it 
is useful if the surgeon can get the blood to stop 
briefly and work fast to dissect the parent artery 
for the proximal control. The adenosine may pro-
vide long enough time to allow definitive clip-
ping or readjust the clip position on the rupture 
site or trapping aneurysm with temporary clips.

27.5	 �Patient Selection

Adenosine is contraindicated for the patient with 
severe (>80%) left main coronary artery stenosis, 
severe multivessel disease (three vessels or grafts 
with >80% stenosis), AV block (sick sinus syn-
drome), or who is using pacemakers. It is also 
contraindicated to severe asthma, symptomatic 
asthma, and active perioperative wheezing due to 
the risk of bronchoconstriction.

Patient have to be carefully examined prior to 
surgery, including screen for cardiac function and 
coronary artery disease, cardiac valve, any irreg-
ular heartbeat, and cardiac conduction 
abnormalities.

27.6	 �Dose of Adenosine

There is no consensus yet about the optimal dose 
of adenosine during surgery. Luostarien et  al. 
reported their first 16 patients with adenosine and 
demonstrated its safety and efficacy during sur-
gery for ruptured intracranial aneurysm [21]. Of 
these 16 patients, 12 patients got 1 bolus, and 4 
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patients received multiple bolus. Median dose for 
a single injection was 12  mg (6–18), and the 
median total dose for multiple injections was 
27  mg (18–89). Ten minutes after adenosine 
administration, all patients were hemodynami-
cally stable, and 13 required vasoactive drugs 
during the procedure.

In terms of the dose, because individual 
responses to adenosine vary, different patients 
may need different doses of adenosine [21].We 
recommend we should establish an individual 
dose-response relationship for each patient by 
injecting escalating doses of adenosine.

27.6.1	 �Advantages of Adenosine-
Induced Transient Asystole

	1.	 When the blood flow stops temporarily to the 
parent artery, it helps in reducing tension in 
aneurysm and facilitating aneurysm dissec-
tion, minimizes premature rupture risk, and 
provides safe clip placement.

	2.	 Adenosine has a short half-life and the circu-
lation will be back to normal.

	3.	 Adenosine can be given repeatedly after the 
patient recovers from the first dose.

27.7	 �Potential Risks: 
Complications of Adenosine-
Induced Transient Asystole

There is 2.6% incidence of transient irregular 
heartbeat during recovery period [2]. One of 
them required intraoperative amiodarone injec-
tion to convert to sinus rhythm [3]. Troponin 1 
elevation has been reported with an incidence of 
1.73% [3, 19]; all of them are clinically asymp-
tomatic in the postoperative care unit.

The adenosine is quickly metabolized and 
excreted from the body, but multiple bolus injec-
tion has been associated with a prolonged hypo-
tension; it was reported that the multiple injection 
is used to control the premature aneurysm rup-
ture [2]. The general agreement is to wait for 
complete hemodynamic return to get back to nor-
mal before giving another bolus injection.

27.8	 �Expert Opinion

There is still no general consensus about adenos-
ine dose and how fast it should be given in every 
bolus injection. It is best to always prepare all 
necessary checks for the patient that is going to 
have complex aneurysm surgery. It includes the 
coronary vessel, heart conductivity study, its 
valve, and other comorbid condition such as 
asthma. It is very important if the surgeon is going 
to use the adenosine if other efforts for proximal 
control fail. Authors recommend that adenosine 
should be available all the time in the operating 
room and it should be used judiciously if the prox-
imal control fails, is unsafe, or is difficult.
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