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ABSTRACT

Intraoperative hemorrhage is a life-threatening complication during neurosurgery, especially in posterior fossa 
surgery, where critical vasculature and brain structures are present. Adenosine has been used in neurovascular 
surgery, particularly in the management of intraoperative aneurysm rupture and hemorrhage for its ability to produce 
transient flow arrest. This case report describes a novel application for adenosine, in which adenosine-induced flow 
arrest was used to facilitate control of a vascular injury sustained during meningioma surgery. 

A 46-year-old female diagnosed with a petroclival meningioma after presenting with a several-month history of 
headache, dizziness, and loss of balance underwent craniotomy and excision of the meningioma. The patient received 
general endotracheal anesthesia, and was maintained on remifentanil, propofol, and low-dose sevoflurane. During 
posterior excision of the meningioma, the basilar artery was inadvertently lacerated, resulting in significant blood loss. 
Adenosine was given through a subclavian catheter, and produced severe bradycardia, hypotension, then asystole 
for approximately 50 seconds. Adenosine-induced flow arrest allowed for initial control of the vascular injury through 
coagulation, while further hemostasis was achieved through hemostatic agents and muscle tamponade. 

This case report demonstrates the usefulness of adenosine-induced flow arrest in the management of intraoperative 
hemorrhage from an intracranial vascular injury. Adenosine-induced flow arrest has documented safety and efficacy 
in other neurosurgical applications. As the management of intraoperative hemorrhage is an essential component 
of neuroanesthesia, this technique may be considered in similar circumstances of major vascular injury to facilitate 
hemostasis.
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INTRODUCTION

Intraoperative hemorrhage during neurosurgery is an 
emergent and life-threatening adverse event that may worsen 
perioperative morbidity, neurologic deficits, and surgical 
outcomes.1 Excessive intraoperative blood loss is associated 
with various complications, including hemodynamic insta-
bility, anemia, coagulation disorders, hypothermia, systemic 
inflammation, ischemic stroke, and intracranial hemorrhage.1,2 
Furthermore, intraoperative blood loss during intracranial 
surgery may result in prolonged duration of mechanical 
ventilation, prolonged hospital stay, and increased risk of 
mortality.2,3

Petroclival meningioma surgery is considered one of 
the most challenging procedures in neurosurgery.4 These 
meningiomas tend to involve the cranial nerves, and compress 
and displace the brainstem and the basilar artery.4 Surgical 
difficulties arise from tumor size, proximity of the brainstem, 
involvement of cranial nerves and vessels, and the necessity of 
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brain retraction.4 Because of these, intraoperative hemorrhage 
is a potential complication of petroclival meningioma surgery, 
along with cerebrospinal fluid leakage, brainstem ischemia, 
cranial nerve injury, and cerebral infarction.4

Adenosine has been used for decades in cardiac 
electrophysiology to manage certain arrhythmias, but has 
seen growing application in neuroanesthesia for its ability 
to induce transient asystole and flow arrest.5 Adenosine 
is currently used in neurovascular surgery, particularly in 
aneurysm surgery to manage intraoperative aneurysm rupture 
and hemorrhage, where bleeding can become substantial and 
difficult to control.5 In these instances, adenosine-induced 
flow arrest produces a profound reduction in cerebral blood 
flow that assists with hemostasis and clip application.5

In this case report, a novel and valuable application for 
adenosine in neuroanesthesia is described. Here, adenosine-
induced flow arrest was successfully used to assist hemostasis 
and facilitate control of a basilar artery injury incurred during 
craniotomy and excision of a petroclival meningioma.

Case Presentation

A 46-year-old female weighing approximately 55 kg 
presented to the emergency room with a seven-month history 
of intermittent headaches with associated dizziness and loss 
of balance. The patient had no known comorbidities, no 
known allergies, and no previous surgeries. Family history, and 
personal and social history were non-contributory. Physical 
examination revealed vital signs within normal limits, and 
unremarkable cardiovascular and pulmonary findings. On 
neurological examination, the patient was awake, oriented, 
and followed commands. She had no cranial neuropathies, 
but motor strength was decreased to 3/5, movement against 

gravity, on the right, while sensation was also decreased to 
60% on the right. Airway assessment revealed Mallampati 
Class II, adequate mouth opening, adequate thyromental 
distance, and full neck mobility. Imaging revealed a 4.4 x 
4.9 x 4.7 cm petroclival mass extending from the prepontine 
cistern more towards the left until the interpeduncular 
cistern (Figure 1). Preoperative complete blood count, serum 
chemistry, coagulation tests, and electrocardiogram were 
within normal limits. The benefits and potential risks of 
surgery and anesthesia were discussed with the patient and 
family, and informed consent was obtained. The patient was 
then brought in for a left frontotemporal craniotomy, and 
excision of tumor under general anesthesia.

In the operating room, electrocardiogram leads, blood 
pressure apparatus, and pulse oximeter were attached. 
General anesthesia was induced with a remifentanil 
infusion at 0.2 mcg/kg/min, propofol 70 mg, sevoflurane 
2%, and atracurium 30 mg, then the patient was intubated 
through direct laryngoscopy. After induction, a scalp block 
using 0.25% bupivacaine and epinephrine was performed. 
Additional peripheral intravenous access, an arterial line at 
the radial artery, and a lumbar cerebrospinal fluid drain were 
then inserted. A right subclavian central venous catheter was 
also inserted under ultrasound guidance. The patient was 
positioned supine with the head turned towards the right, and 
fixed with a skull clamp. General anesthesia was maintained 
with a remifentanil infusion at 0.1-0.2 mcg/kg/min, 
propofol infusion at 50-100 mcg/kg/min, and sevoflurane 
at a minimum alveolar concentration <1.0. Additional doses 
of atracurium were only given when there were signs of 
spontaneous respiration.

Intraoperatively, the tumor was noted to be dural-based, 
extra-axial, originating from the clivus and petrous bone, 

Figure 1.	 Selected sagittal, coronal, and transverse slices of the contrast-enhanced magnetic resonance imaging showing the 
petroclival meningioma (yellow arrows).
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and in close proximity to the left internal carotid artery and 
basilar artery. During posterior excision of the meningioma, 
the basilar artery was inadvertently lacerated, resulting 
in significant blood loss exceeding 50% of the patient’s 
estimated blood volume and hemodynamic instability with 
lowest mean arterial pressure of ~50 mmHg. Blood products 
were immediately requested and transfused to replace blood 
loss. A norepinephrine infusion was also started and titrated 
to a highest rate of 0.2 mcg/kg/min to maintain blood 
pressure. Flooding of the surgical field despite suctioning 
and tamponade hindered control of the arterial injury. 
After discussion with the surgical team, it was decided 
that adenosine-induced flow arrest would be attempted to 
facilitate control of the vascular injury. Prior to adenosine 
administration, necessary surgical equipment was readied, 
suction was prepared, and an external defibrillator was made 
available. Adenosine was then given in close coordination 
with the surgical team. A dose of 18 mg or 0.33 mg/kg of 
adenosine was administered via the subclavian catheter, 
followed immediately by a normal saline flush. This produced 
profound bradycardia and hypotension, with mean arterial 
pressure <30 mmHg, followed by asystole for approximately 
50 seconds. During this period of flow arrest, the site of the 
basilar artery injury was identified, but bleeding was not yet 
controlled. Return to sinus rhythm was spontaneous after 
the period of asystole, however, tachycardia and hypotension 
were pronounced. Heart rate and blood pressure gradually 
returned to pre-adenosine levels over several minutes. After 
vital signs had stabilized, another 18 mg of adenosine was 
given, and again resulted in bradycardia, hypotension, then 
asystole lasting around 50 seconds. During this second period 
of flow arrest, initial control of the basilar artery injury was 
achieved with coagulation. Further hemostasis was established 
through hemostatic agents and muscle tamponade. Return of 
sinus rhythm was again spontaneous with tachycardia and 
hypotension settling to pre-adenosine levels over several 
minutes. Once the basilar artery injury was controlled, further 
tumor resection was discontinued, and the procedure was 
brought to a close.

The patient was not extubated after the procedure owing 
to significant intraoperative blood loss and hemodynamic 
instability. Throughout the procedure, approximately 104% 
of the patient’s estimated blood volume was lost for which 
1200 ml of packed red blood cells, 1000 ml of fresh frozen 
plasma, and 200 ml of platelet concentrate were transfused. 
The patient was transferred to the critical care area of the 
post-anesthesia care unit for further management and 
monitoring. Neurological evaluation showed no eye opening, 
absence of verbal response due to intubation, and withdrawal 
to painful stimuli, while postoperative imaging revealed 
edema of the brainstem (Figure 2). On the third postoperative 
day, the patient developed brainstem dysfunction presenting 
as dysautonomia followed by progressive hypotension, which 
eventually led to the demise of the patient.

Discussion

Adenosine is an endogenous purine nucleoside composed 
of a molecule of adenine attached to a ribose sugar through 
a glycosidic bond.5,6 Adenosine binds to cardiac A1 receptors 
and initiates a cascade through activation of adenylyl cyclase 
to decrease intracellular cyclic adenosine monophosphate 
and decrease inward calcium conductance.6,7 This results in 
decreased sinoatrial node activity, atrioventricular nodal con-
duction, atrial contractility, and ventricular automaticity.6,7 
These pharmacologic effects produce a dose-dependent 
reduction in atrial and ventricular electrical activity that 
manifests as bradycardia, AV nodal blockade, and sinus 
pauses.6-8 When administered at a sufficient dose, adenosine 
can produce transient asystole and flow arrest.8 Furthermore, 
the negative chronotropy, inotropy, and dromotropy produce 
a significant decrease in cardiac output and mean arterial 
pressure.6-8 Mean arterial pressure is further reduced by 
vasodilation in most vascular beds facilitated through binding 
to A2 receptors.5,9 

The rationale behind the use of adenosine in this case is 
comparable to the rationale behind its use in neurovascular 
surgery, particularly in aneurysm surgery. In aneurysm 
surgery, adenosine is most commonly used to decrease 
aneurysm turgor and bulk, minimize the risk of rupture, 
and facilitate clip application.5 This is particularly beneficial 
with aneurysms in unfavorable anatomical locations, such as 
basilar tip aneurysms, or when a temporary clip may induce 
an unacceptable risk of ischemia or impede visualization 
of important structures.5 Adenosine has also been used in 
the endovascular management of arteriovenous malforma-
tions to reduce flow and prevent venous migration of the 
embolic agent.10,11 More importantly, adenosine may be used 
in the event of intraoperative aneurysm or arteriovenous 

Figure 2.	 Postoperative contrast-enhanced cranial computed 
tomography scan showing edema (yellow arrow) of 
the brainstem.
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malformation rupture, where bleeding may become 
significant.7,12,13 This is an emergent and life-threatening 
complication of neurovascular surgery, and Wright et al. 
propose intraoperative aneurysm rupture as the clearest indi-
cation for adenosine.6,7,14,15 When intraoperative aneurysm 
rupture occurs, blood can hinder visualization of nearby 
structures, and uncontrolled bleeding can induce cerebral 
edema and ischemia secondary to hypoperfusion.16 Intra-
operative hemorrhage may result in hemodynamic instability, 
neurological deficits, and unfavorable outcomes.16 In these 
situations, adenosine can assist with hemostasis and securing 
the aneurysm.5 The transient asystole and flow arrest from 
adenosine produce a global reduction in cerebral blood flow 
that may facilitate clearing the surgical field, improving 
visualization of nearby structures, and decompressing the 
aneurysm.7,12,15 Adenosine-induced flow arrest is particularly 
useful in clearing the surgical field when conventional 
suctioning and temporary clip application fail.5,6 In this case, 
injury to the basilar artery led to significant and continuous 
bleeding that obscured the surgical field and prevented timely 
control of the vascular injury. As in cases of intraoperative 
aneurysm rupture, adenosine was used to clear the surgical 
field and help control the basilar artery injury. Adenosine-
induced flow arrest produced a cessation in cerebral blood 
flow that temporarily stopped bleeding at the surgical site. 
This interruption in blood flow, although brief, enabled 
the surgical team to effectively clear the operative field of 
blood, locate the basilar artery injury, and establish control 
of the bleeding. 

Historically, rapid ventricular pacing and deep 
hypothermic circulatory arrest have also been used in 
neurovascular surgery to achieve flow arrest. In rapid 
ventricular pacing, cardiac pacing wires are advanced into the 
right ventricle to induce ventricular tachycardia and produce 
controlled hypotension.9,17 This technique maintains the heart 
rate above 150 beats per minute to reduce ventricular filling, 
stroke volume, and blood pressure without actually producing 
cardiac arrest or asystole.9 After cessation of rapid ventricular 
pacing, blood pressure immediately normalizes without 
prolonged hypotension.9 Rapid ventricular pacing offers an 
on-demand and more predictable hemodynamic response, 
but necessitates an invasive procedure that carries a risk of 
cardiac perforation and cardiac tamponade.9,17 With deep 
hypothermic circulatory arrest, extracorporeal circulation 
and systemic hypothermia are first established, after which a 
cardioplegic solution is administered to achieve flow arrest.9 
Cooling to below 28°C decreases the cerebral metabolic rate 
of oxygen consumption, and increases the tolerance to hypoxia 
during circulatory arrest.9,17 Deep hypothermic circulatory 
arrest provides neuroprotection, longer flow arrest, and 
controlled hypotension, but it is invasive, resource-intensive, 
and associated with a higher risk of complications.9,17 In this 
case, given the emergent circumstances, adenosine was used 
to achieve flow arrest since adenosine is readily available and 
easily administered. An advantage of adenosine-induced 

flow arrest is that adenosine is easily given in a variety of 
situations without need for advanced preparation or logistical 
coordination, requiring only an intravenous bolus.8 Because of 
this, adenosine-induced flow arrest is suitable for unexpected 
situations such as aneurysmal rupture, or in this case, vascular 
injury.17 Temporary clip application may also not have been 
appropriate in this case due to the narrow surgical corridor 
of the posterior circulation, and limited visibility from blood 
flooding the surgical field.

Bebawy et al. determined that an empirical adenosine 
dose of 0.3 to 0.4 mg/kg ideal body weight is sufficient to 
produce asystole and flow arrest in patients receiving a 
balanced anesthetic consisting of remifentanil, propofol, and 
sevoflurane.8 This dose produces approximately 45 seconds of 
controlled flow arrest when using that particular anesthetic 
technique.8 The magnitude and duration of flow arrest are 
dose-dependent, but there is considerable variability among 
patients.8,9 Ideal body weight is used since the volume of 
distribution of adenosine is unlikely to change with obesity.6 
The dose of Bebawy et al. is considerably lower than that of 
Hashimoto et al., who used incremental dosing of adenosine 
to establish a dose-response relationship in each patient.8,11 
The dose-response model of Hashimoto et al. predicts that 
an adenosine dose of 2.15 mg/kg is required for 45 seconds 
of profound hypotension with a mean arterial pressure <30 
mmHg.6,11 The lower dose of Bebawy et al. was attributed 
to remifentanil, which depresses sinoatrial node activation 
and atrioventricular node conduction similar to adenosine.6,8 
Table 1 presents a comparison of the adenosine doses and 
corresponding durations of flow arrest reported by Bebawy 
et al. and Hashimoto et al.8,11 In this case, a dose of 18 mg 
or 0.33 mg/kg of adenosine was sufficient to induce the flow 
arrest needed to facilitate control of the basilar artery injury. 
This dose was empirically chosen based on prior institutional 
experience with aneurysm surgery, and existing evidence 
on adenosine-induced flow arrest in different neurosurgical 
procedures. In both instances of adenosine-induced flow 
arrest, the dose used produced bradycardia, hypotension, 
then asystole for approximately 50 seconds while using a 
similar balanced anesthetic technique involving remifentanil, 
propofol, and sevoflurane. Tachyphylaxis, which may develop 
with repeated doses of adenosine, was not observed when 
adenosine was administered the second time.

The clinical effects following intravenous bolus admi-
nistration of adenosine are apparent within 10 to 20 
seconds.5,7 Heart rate first slows over 20 to 30 seconds, and if 
a sufficient dose is given, a period of asystole ensues.5 This is 
accompanied by profound hypotension lasting up to 2 minutes 
from a reduction in systemic vascular resistance.5 Heart rate 
then returns to baseline over another 20 to 30 seconds.5 
Following asystole, adenosine may cause sinus tachycardia 
with atrial and ventricular ectopic beats secondary to a reflex 
increase in circulating catecholamines.5 The cardiovascular 
effects of adenosine are transient due to immediate plasma 
and tissue metabolism, resulting in an intravascular half-

4

Adenosine-induced Flow Arrest



life of only 0.6 to 20 seconds.6-8 Exogenously administered 
adenosine is eliminated by rapid uptake into erythrocytes and 
vascular endothelial cells, where adenosine is metabolized 
by adenosine deaminase and adenosine kinase.5-7 However, 
elimination of adenosine may be inhibited by certain drugs 
such as dipyridamole, nimodipine, and methylxanthines.7 
Because of the short intravascular half-life, the cardiovascular 
effects of adenosine are typically self-limited.5 The clinical 
effects of adenosine observed in this case are consistent with 
those previously described. Adenosine initially produced 
a brief period of bradycardia and hypotension followed by 
asystole. In this case, flow arrest lasted approximately 50 
seconds, and asystole was followed by spontaneous return 
of sinus rhythm. After asystole, marked tachycardia and 
hypotension were observed, with gradual return to baseline 
over several minutes. The tachycardia and hypotension were 
anticipated effects following adenosine administration and, as 
these are typically self-limited, were managed with supportive 
care. Overall, the observed cardiovascular effects of adenosine 
were transient, unfolding and resolving over a few minutes, 
and were not associated with any subsequent arrhythmias.

While valuable in the intraoperative management of 
intraoperative hemorrhage, the administration of adenosine 
necessitates consideration for potential adverse effects and the 
need for special precautions. Adenosine causes vasodilation of 
the coronary vasculature, and this may lead to a coronary steal 
phenomenon in patients with preexisting cardiac ischemia.6,7 
Because of this, it is recommended that adenosine be avoided 
in patients with evidence of severe left main coronary artery 
stenosis, or severe multi-vessel coronary artery disease.6,8,14 
Cardiac arrhythmias and elevated troponins may also occur 
after adenosine administration.6,8 Arrhythmias are usually 
transient and recover spontaneously without any long-term 
sequelae, while elevated troponin levels may be asymptomatic 
and not necessarily indicative of cardiac dysfunction.6,8 
Nonetheless, placement of external defibrillator pads and 
postoperative monitoring of troponin levels are recommended 
in patients who have received adenosine.6,8 Binding of 
adenosine to bronchial A1 receptors also produces smooth 
muscle contraction that may induce bronchospasm in patients 

with asthma or chronic obstructive pulmonary disease.5 In 
patients without reactive airway disease, administration 
of adenosine does not significantly increase peak airway 
pressures.6,8 In terms of neurological outcomes, adenosine-
induced flow arrest appears to be associated with minimal 
morbidity in the short term.8 Bebawy et al. found that 
intraoperative adenosine was not associated with an increased 
neurological complication rate defined as a modified Rankin 
score more than 2 at 48 hours postoperatively or at the 
time of discharge.8 In this case, it is difficult to determine 
whether the administration of adenosine directly contributed 
to the outcome of the patient. There were no indications of 
cardiac or pulmonary complications attributable to adenosine 
observed after the administration of adenosine and in the 
immediate postoperative period. However, the patient did 
develop prolonged hypotension immediately after adenosine-
induced flow arrest. This hypotension is more likely explained 
by hypovolemia, as blood pressure improved following 
the transfusion of blood products. Clinical deterioration 
occurred only on the third postoperative day, well after the 
administration of adenosine, suggesting that adenosine was 
less likely to have contributed to the patient’s outcome.

This case report demonstrates the utility of adenosine-
induced flow arrest in the management of intraoperative 
hemorrhage secondary to intracranial vascular injury during 
meningioma surgery. Although the patient eventually 
succumbed several days following the procedure, adenosine-
induced flow arrest was effective in facilitating hemostasis and 
control of the vascular injury. This intervention was critical, 
as failure to control the vascular injury during surgery may 
have resulted in demise intraoperatively or shortly thereafter. 
While most evidence on adenosine-induced flow arrest in 
neurosurgery is derived from aneurysm surgery, the dosing 
strategy used produced comparable clinical effects, and was 
equally effective in improving surgical conditions and facili-
tating hemostasis. This case report presents valuable initial 
evidence supporting a novel use for adenosine-induced flow 
arrest, however, as it describes a single patient experience, 
the findings are limited in generalizability and should be 
interpreted within this context. Additional research is required 

Table 1.	Comparison of Reported Adenosine Doses and Corresponding Durations of Flow Arrest in Selected Studies
Author Procedure Anesthetic Dose Duration Remarks

Bebawy et al.8 Aneurysm clip 
ligation

General anesthesia 
(remifentanil, 
desflurane or 

sevoflurane, propofol)

0.34 mg/kg IBW 
(range: 0.29-0.44 

mg/kg)

57 s (range: 26-105 s) •	 Recommended starting dose of 
0.3-0.4 mg/kg to achieve 45 s 
of flow arrest.

Hashimoto et al.11 Endovascular 
embolization 

of AVM

General anesthesia 
(isoflurane, nitrous 

oxide, propofol)

0.98 mg/kg (range: 
0.24-1.76 mg/kg)

Asystole: 8 s
MAP <30 mmHg: 18 s
MAP <50 mmHg: 50 s

•	 Developed dose-response 
model to predict duration of 
asystole and hypotension based 
on dose. 

•	 A dose of 2.15 mg/kg would 
be required to achieve 45 s of 
flow arrest.

IBW = ideal body weight, AVM = arteriovenous malformation, MAP = mean arterial pressure
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to establish the efficacy of adenosine-induced flow arrest, 
identify the optimal dosing of adenosine, and evaluate the 
impact of adenosine on neurological and surgical outcomes 
in this specific application.

Conclusion

Intraoperative hemorrhage is an emergent and life-
threatening complication of neurosurgery, and as such, 
management of blood loss is an essential component of 
neuroanesthesia. This case report describes the successful 
use of adenosine-induced flow arrest to facilitate hemostasis 
and control of a basilar artery injury during craniotomy 
and excision of a petroclival meningioma. Here, adenosine-
induced flow arrest produced a temporary reduction in 
cerebral blood flow that allowed the surgical team to clear 
the surgical field, identify the vascular injury, and control the 
bleeding. Adenosine has documented efficacy and safety in 
other neurosurgical applications, and thus, this technique may 
be considered for similar instances of major vascular injury 
to facilitate hemostasis. Further studies are necessary to 
determine the efficacy of adenosine-induced flow arrest, the 
appropriate dosing of adenosine, and the effects of adenosine 
on neurological outcome when used for this particular 
application.
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