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Stem Case and Key Questions Content 
A 50 year old woman presents to the emergency room (ER) with a history of severe headache 
for the past 24 hours. She is confused and disoriented. Her husband says that she described 
the headache as “The worst headache of my life.” Her past medical history is significant for 
hypertension and migraine. She smoked one pack of cigarettes per day since she was a 
teenager. She never had any hospitalizations or surgeries. She is allergic to penicillin. Her vital 
signs: pulse 94/min, blood pressure 192/94 (right arm) and 189/90 (left arm), respiratory rate 
20/min. oxygen saturation 98% with 2L/min nasal cannula. 
1. What is your clinical diagnosis? 
2. What is your differential diagnosis? 
3. How would you assess her neurological status? 
4. What investigations would you like to order? 
 
A CT scan shows subarachnoid hemorrhage (SAH) and cerebral CT angiogram shows right 
middle cerebral artery (MCA) aneurysm. 
1 .How would you grade the severity of SAH? 
2. What are the different scales used to grade the severity of SAH? Which scale would you prefer? 
Why? 
 
Her EKG shows sinus rhythm, rate 98/min with T wave inversions in multiple leads and 
multiple premature ventricular contractions. A chest X-ray done in the ER shows pulmonary 
edema. 
1. What are the likely reasons for the EKG and chest X-ray findings? 
2. What is the prognostic significance of these systemic manifestations? 
 
The consultant neurovascular surgeon evaluates the clinical findings and imaging studies and 
plans for a definitive treatment. 
1. What are the options available to secure the aneurysm? 
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2. What are the advantages and disadvantages of endovascular coiling over surgical clipping of 
intracranial aneurysm? Which aneurysms are suitable for coiling? In what clinical situations is coiling 
preferred over clipping? 
3. What is endovascular flow diversion? What are the potential complications of this technique? What 
is the role of flow diversion in the management of ruptured intracranial aneurysms? 
 
The patient is scheduled for surgical clipping of the intracranial aneurysm under general 
anesthesia. The patient’s blood pressure is 190/98. 
1. What are the causes for blood pressure elevation following SAH? What are your concerns with high 
pressure? 
2. Would you like to reduce the blood pressure preoperatively? What are your concerns with blood 
pressure reduction? What is your target? What is the basis for such target? 
 
Now the patient is in the operating room (OR) and you plan to induce general anesthesia. 
1. How would you induce and maintain anesthesia? Would you prefer intravenous (IV) anesthetic or 
inhalational agent based technique? Why? 
2. If you are using inhalational technique what agents would you prefer? 
3. What is your opiate of choice? Why? 
4. What are your anesthetic goals in relation to cerebral aneurysm surgery? 
5. What neuromonitors would you use during the procedure? What is the role of SSEP 
(somatosensory evoked potentials) and EEG monitoring during the surgery? 
6. What are your strategies for neuroprotection? What is the role of hypothermia based on current 
evidence? 
 
Patient has a ventriculostomy drain in place which is clamped. 
1. What is the purpose of ventriculostomy drain? 
2. What is the optimum time to unclamp this drain? Why? 
 
Upon opening the cranium, the dura is bulging. Surgeon asks you to reduce the intracranial 
pressure (ICP). 
1. How would you manage patient’s elevated ICP? 
2. What is the role of hyperventilation to reduce ICP? 
3. Would you use mannitol or hypertonic saline? Why? 
 
The ICP comes under control. The surgeon dissects around the aneurysm. Now the surgeon 
informs you that he/she wants to apply a temporary clip. 
1. How would you prepare the patient for application of a temporary clip? 
2. What is the purpose of a temporary clip? 
3. What is the optimal duration of a temporary clip? 
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4. In which locations within the circle of Willis is the application of a temporary clip not feasible? 
5. How do you achieve neuroprotection during temporary clipping? 
 
The temporary clip is removed. The surgeon asks you to bring down the mean arterial 
pressure to 50 mm Hg so that a permanent clip can be applied to the base of the aneurysm. 
1. How would you bring down the blood pressure to facilitate the application of a permanent clip? 
2. What is the role of intravenous adenosine? What are the advantages of adenosine use? What are 
your concerns with this technique? 
3. What precautions would you take prior to the use of adenosine? What is the safety profile of this 
technique? What are the contraindications? 
 
While attempting to place a permanent clip the aneurysm ruptures. 
1. What would you do at this moment? 
2. How would you reduce the blood pressure? 
 
The surgeon is successful in applying the permanent clip. Surgery is completed. 
1. Would you extubate this patient? 
2. What are your extubation criteria? 
 
You successfully extubated the patient and the patient is admitted to the neurointensive care 
unit. On the second postoperative day, in the neurointensive care unit the patient becomes 
increasingly drowsy and the Glasgow Coma Scale drops from 15 to 10  
1.What is the most likely cause? 
 
A repeat CT shows cerebral ischemia. 
1. What is the etiology of delayed cerebral ischemia (DCI)? Why is the term DCI preferred over 
vasospasm? 
2. How would you manage? What is HHH therapy? What is the role of this therapy in DCI 
management? 
3. What is the role of nimodipine and how would you administer it? 
4. What is the role of other calcium channel blockers? 
5. What other therapies are available to manage DCI? 
6. How would you monitor DCI in the ICU? 
 
 
Model Discussion Content 
Aneurysmal subarachnoid hemorrhage (aSAH) accounts for 75% of the non-traumatic subarachnoid 
hemorrhages (SAH).1,2 The risk factors for the development of cerebral aneurysms are hypertension, 
smoking, chronic alcohol use, family history of intracranial aneurysms in first degree relatives, and 
female gender.2,3 Among the hereditary conditions, autosomal dominant polycystic kidney disease is 
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strongly associated with intracranial aneurysms with a prevalence rate 2-4 times higher than the 
general population.2 A weak association with intracranial aneurysm is found with Marfan’s syndrome, 
Ehlers-Danlos syndrome type IV, Neurofibromatosis type 1 and fibromuscular dysplasia.2,3 The most 
common location for an intracranial aneurysm is the anterior circulation of the Circle of Willis. 
Posterior circulation of the vertebral and basilar systems account for only 15% of intracranial 
aneurysms. The risk factors for the rupture of aneurysms are posterior circulation aneurysms, size 
greater than 1 cm, female gender, Japanese or Finnish descent, hypertension, smoking, older 
patients, and cocaine abuse.2,3,4,5  

 
Clinical presentation and assessment of the severity: The prevalence rate of intracranial 
aneurysms is 3-6% based on a systemic review of angiographic and autopsy studies.6 Most 
aneurysms remain undetected during one’s life time. Aneurysms may be found incidentally during the 
investigation for other intracranial pathology. Sometimes patients may present with a sentinel 
headache which is a warning headache occurring a few weeks before the major bleed possibly due to 
a small bleed. The most common mode of presentation is a severe headache, commonly described 
by the patient as the worst headache of their life. The Hunt and Hess Scale and the World Federation 
of Neurosurgeons Scale (WFNS) are widely used for the assessment and grading of SAH. The later 
scale is most frequently used across the world as it incorporates the Glasgow Coma scale (GCS). 
Both scales have intra and inter-observer variability, the advantage of one scale over the other is not 
proven.7 The patient’s clinical status should be assessed using GCS, as this scale carries prognostic 
significance. The non-contrast CT is the initial investigative modality of choice. The aneurysm size 
and location should be confirmed with CT angiography or catheter angiography. The absence of 
hemorrhage on a non-contrast CT does not exclude SAH; further evaluation by lumbar puncture is 
needed when there is no associated elevated intracranial pressure (ICP). The Fischer scale is based 
on the amount of hemorrhage on a CT scan. This scale is a predictor of delayed cerebral ischemia 
(DCI) and overall mortality.8 The most common complications of SAH are hydrocephalus, DCI and 
rebleeding. 
 
Cardiac and neurological manifestations: SAH is a systemic condition associated with massive 
sympathetic discharge and systemic inflammatory response syndrome. The cardiac changes include 
ST, T wave changes (suggestive of myocardial ischemia), QT prolongation and prominent U waves. 
There may be associated elevated troponin levels without coronary vasospasm. These changes are 
indicators of severity of SAH and are likely to resolve.9 The development of neurogenic pulmonary 
edema also indicates severe bleeding and is associated with poor outcome.10  

 
Preoperative hypertension: Elevated blood pressure (BP) is a common finding following aSAH, 
persistent elevation may result in rebleeding. The most common reason is sympathetic overactivity 
rather than elevated ICP. In the past BP reduction was a matter of concern due to the fear of 
reduction in cerebral perfusion pressure (CPP). The Neurocritical Care Society consensus conference 
in 2011 and the American Stroke Association (ASA) of the American Heart Association (AHA) in 2012 
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recommended a target systolic BP <160 mmHg to prevent rebleeding. However the recommendation 
lacked evidence from randomized controlled trials (RCT). The most recent INTEnsive blood pressure 
reduction in Acute Cerebral Hemorrhage Trial (INTERACT II) (n= 2794) showed that the BP reduction 
to 140 mm Hg compared to 180 mm Hg in the control group did not result in adverse neurological 
outcome at the end of 3 months.11 The IntraCerebral Hemorrhage Acutely Decreasing Arterial 
Pressure Trial (ICH ADAPT) (n=75) did not find reduction in cerebral blood flow in the vulnerable 
ischemic penumbra in the study group where the systolic BP was reduced to 150 mm Hg within 2 
hours of randomization compared to 180 mm Hg in the control group.12 The cerebral perfusion was 
measured with CT perfusion imaging within 2 hours of randomization. The results of these trials can 
be extrapolated to SAH patients. Based on the results of INTERACT II; systolic BP can be reduced 
safely to 140 mm Hg in aSAH patients without increasing the risk of cerebral ischemia.13 The BP 
should be reduced using nicardipine, esmolol or labetalol.3 Nitroglycerine and nitroprusside should be 
avoided as the vasodilatation resulting from their use may increase the ICP. However one should be 
aware that the vasodilators were among the drugs used for BP reduction in the INTERACT 2 trial, 
their use was not associated with adverse neurological outcome compared to the control group.13  
 
Clip Vs Coil: A multicenter randomized trial, International Subarachnoid Aneurysm Trial (ISAT) in 
2002 (n=2143) reported a 7.4% better outcome with endovascular coiling compared to surgical 
clipping at the end of one year (23.5% vs 30.9%).14 Death or dependency rate was the primary 
outcome measure in this trial. However the reported recurrent bleeding rate was higher in the coiling 
group. According to the 5 year results of ISAT, published in 2009, the benefit of coiling decreased to 3 
% (14% vs 11%).15 A limitation of the trial that should be noted prior to reaching a conclusion favoring 
endovascular coiling. The ISAT trial recruited primarily anterior circulation aneurysms (97%) and 92% 
of the recruits had aneurysms less than 1 cm. In addition 88% of the patients belonged to WFNS 
scale I and II. The middle cerebral artery (MCA) aneurysms were also under represented in the trial 
(15%). Patients over the age of 70 were excluded in ISAT. Due to these limitations in the selection 
process the results cannot be reliably applied to posterior circulation aneurysms, large aneurysms and 
patients with poor neurological grades.13 The clipping was not confirmed by angiography, but patients 
within the coiling group had regular angiographic surveillance. Operator experience of 30 procedures 
was mandatory for coiling, but such experience was not required for the surgical clipping group. In 
spite of these limitations in the study design, ISAT is the only large multicenter trial in this arena and 
changed the practice in favor of coiling.The choice of technique is yet to be studied in the ISAT 2 trial 
for posterior circulation aneurysms, MCA aneurysms, elderly patients and neurologically poor grade 
patients. Coiling is favored for posterior circulation and intercavernous internal carotid artery (ICA) 
aneurysm as surgical exposure in these locations is technically difficult. Surgical clipping is favored for 
younger patients; surgery reduces the mass effect as it enables evacuation of intracranial hematoma. 
Coiling is preferred for elderly patients and patients with other co- morbid conditions. 
 
Endovascular flow diversion: This is an endovascular technique where a porous endovascular stent 
with high metal ratio is positioned across the neck of the aneurysm. This device diverts the flow from 
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the aneurysm to the parent vessel and limits the flow from the parent vessel to the aneurysm. The 
subsequent thrombosis and endothelial growth will result in obliteration of the aneurysm. Following 
placement of the device, patients require dual antiplatelet therapy with aspirin and clopidogrel for six 
months. Common complications include inadequate obliteration, early or delayed cerebral ischemia 
and intraparenchymal hemorrhages (IPH).16,17 Cerebral ischemia may be due to thromboembolism, 
proximal migration of the device, and endothelial overgrowth which will cause obliteration of the 
parent vessel. The aneurysm may rupture during the interval period resulting in rebleeding. The cause 
of IPH is not known, but is most likely due to the antiplatelet therapy. A meta-analysis of 29 studies 
with 1654 aneurysms treated with this technique reported the periprocedural mortality as 4%, IPH 3%, 
ischemic stroke 6% and the total occlusion rate 76% at 6 months.17 Another meta-analysis involving 
1018 aneurysms reported the total occlusion rate as 76% at the end of 9 months.18 The latency period 
leaves the aneurysm unprotected following aSAH and the dual antiplatelet therapy is likely to increase 
the risk of bleeding. Due to these concerns, this technique is not suitable for the management of 
ruptured intracranial aneurysms. 
 
Anesthetic management of surgical clipping: Cerebral autoregulation and the reactivity of cerebral 
vasculature are most likely to be impaired following aSAH. Due to this impairment cerebral perfusion 
directly depends on mean arterial pressure (MAP). Such an impairment and hemodynamic instability 
during general anesthesia are significant in patients with higher neurological grades. Impaired 
cerebral autoregulation is also an etiological factor for the development of DCI.19 The primary 
anesthetic goals are maintenance of cerebral perfusion pressure and transmural pressure gradient 
(TMPG) across the aneurysmal wall. Either a sudden increase of MAP or a sudden decrease of ICP 
or combination of these can cause rupture of the aneurysm. If the patient has a ventriculostomy drain, 
slow controlled drainage should be allowed. If the drain is clamped, the drain should not be released 
until the dura is opened. This will prevent a sudden drop in ICP, and a sudden change of TMPG 
across the wall of the aneurysm. Smooth induction and maintenance of anesthesia should be the 
goal. Hypotension or hypertension during anticipated critical periods such as induction, intubation, 
surgical pinning, incision, and opening the dura should be avoided. An arterial line should be ideally 
placed before induction for close hemodynamic monitoring. 
 
Inhalational vs Intravenous Anesthesia?: Either intravenous(IV) or inhalational anesthesia 
technique along with neuromuscular blockade with non-depolarizing agents is acceptable for the 
management of surgical clipping following aSAH. During the inhalational technique, the 
concentration of volatile agents should be limited to one MAC or less. A higher concentration of the 
volatile agents will increase the cerebral blood flow and ICP. When used under one MAC, the 
difference in the vasodilator effects of sevoflurane, desflurane and isoflurane are not clinically 
significant.20 A propofol based total intravenous anesthesia (TIVA) technique is likely to reduce the 
cerebral blood flow and ICP. However its superiority over inhalational agents in terms of clinically 
observed brain relaxation and postoperative cognitive recovery is not proven, when used at 1 MAC or 
lower.21,22 The studies comparing IV and inhalational agents in patients with supratentorial tumors 
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included only neurologically good grade patients, therefore these results cannot be extrapolated to 
patients with a poor neurological status due to elevated ICP.13 The neurological outcome at hospital 
discharge and most importantly long-term neurological outcome are yet to be studied. Patients with 
raised ICP, at the upper portion of the intracranial volume-ICP curve are likely to benefit from a TIVA 
technique. If patients are monitored using evoked potentials, TIVA is preferred, because volatile 
agents have a significant effect on evoked potentials. More recently a retrospective analysis the 
Diagnosis Procedure Combination inpatient database in Japan, reported a decreased hospital 
mortality rate with remifentanil use compared to other opiates following the clipping of ICA 
aneurysms.23 A randomized controlled trial (RCT) also showed decreased urinary cortisol and 
catecholamine levels with remifentanil use compared to fentanyl in patients undergoing craniotomy for 
resection of a supratentorial tumor.22 In the trial this finding was observed with both inhalational or 
propofol based TIVA technique. The reduction of stress response with remifentanil is the most likely 
explanation for these findings.13 However, further trials are needed to confirm this beneficial effect of 
remifentanil. 
 
ICP Management: Elevated ICP should be managed with simple measures such as head end 
elevation, prevention of jugular venous compression, maintenance of a low normal arterial carbon 
dioxide (PaCO2 of 35 mm of Hg.), ensuring adequate anesthetic depth, utilizing intravenous mannitol 
and CSF drainage. Hyperventilation produces brain relaxation and improves surgical conditions, but 
results in cerebral vasoconstriction with reduction in cerebral perfusion and cerebral tissue oxygen 
content. The potential benefits and risks of hyperventilation in terms of patient outcome is not known 
and should only be used when all other measures have failed to control the ICP and should be 
terminated when indication for its use ceases.24 Mannitol is a commonly used agent to reduce the ICP 
in a dose range of 0.25-1gm/kg body weight, with 0.5 gm/kg as the most commonly used dose.24 
Mannitol should be infused over 10-15 minutes to avoid initial transient intracranial hypertension. The 
use of hypertonic saline (HTS) is associated with better brain relaxation, but its benefit in neurological 
outcome is not proven.25,26  
 
Neuroprotection: A large international multicenter RCT, “Intraoperative Hypothermia for Aneurysm 
Surgery Trial” (IHAST II) reported in 2005 that mild induced hypothermia (330 C) is not associated with 
improved neurological outcome (n=1001).27 This study has been criticized for slow cooling over a 
period of 5-6 hours and for rapid rewarming in the hypothermia arm of the study. Most of the recruits 
belonged to WFNS grades I-II. The results of this study therefore cannot be predictably extrapolated 
to patients with poor neurological grades. Moreover the outcome was measured using Glasgow 
Outcome Score (GOS) which is considered a crude method to assess neurological outcome when 
compared to the modified Rankins Scale which is commonly used to measure neurological outcomes 
in clinical trials. Even though the study enrolled 1001 patients, the study is still underpowered to 
detect a change of one point on the GOS scale.28 Due to the limitations of IHAST II, the benefit of 
hypothermia in aSAH patients cannot be completely ruled out.13,27,28 The role of hypothermia in WFNS 
grades III and IV needs to be studied in a large prospective RCT. The role of somatosensory evoked 
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potentials (SSEP), brain stem auditory evoked potentials (BAEP) and EEG monitoring in improving 
neurological outcome is not proven. A recent retrospective analysis reported poor sensitivity and 
positive predictive value for SSEP monitoring for detection of cerebral ischemia in patients undergoing 
surgical clipping.29 These techniques should be considered when a temporary clip or induced 
hypotension is planned. SSEP monitoring is useful for aneurysm surgery involving anterior circulation 
and a combination of SSEP and BAEP monitoring is useful for aneurysms of posterior circulation.30  
 
Temporary clip: A surgeon may apply a temporary clip to the feeding vessel to produce local induced 
hypotension in order to reduce the vascularity of the aneurysm. This facilitates dissection around the 
neck of the aneurysm enabling the surgeon to place a permanent clip in difficult cases. The 
application of a temporary clip also reduces the incidence of intraoperative aneurysm rupture. After 
the temporary clip is placed, MAP should be maintained or elevated to improve perfusion through 
collateral circulation while avoiding hypotensive episodes. The safe duration of temporary clipping is 
not entirely known.31 The duration of temporary clipping should preferably be limited to less than 10 
minutes.32 However one can extend the duration up to 20 minutes with adequate neuroprotection. 
During temporary clipping, burst suppression on EEG using propofol is commonly practiced, though 
its benefit in terms of clinical outcome is not proven; according to the subset analysis of IHAST II 
where patients received supplemental drug for neuroprotection when a temporary clip was applied.33 
Intraoperative hypothermia also did not affect the outcome in patients who had temporary clip 
application.33  
 
Induced hypotension: A surgeon may request a brief period of induced hypotension to gain surgical 
access to the base of the aneurysm. A retrospective analysis of data from two centers in the US 
showed that adenosine can be safely used to produce transient flow arrest without adverse cardiac or 
neurological effect34,35,36 A mean duration of 45 second circulatory arrest can be achieved with 0.3-0.4 
mg/kg of adenosine. Adenosine will aid in quick control of hemorrhage in the event of unintentional 
aneurysmal rupture. Adenosine is beneficial when proximal control with temporary clip is not feasible 
in locations like basilar tip, anterior communicating artery and paraclinoid aneurysms. The use of 
adenosine should be avoided in patients with severe coronary artery disease, severe reactive airway 
disease or patients with underlying conduction heart block.36A prolonged duration of action of 
adenosine is likely in patients with concurrent use of digoxin, verapamil, dipirydamole and 
carbamazepine.36 Preoperative application of external pacer pads is mandatory, transvenous pacing 
equipment should be kept ready when adenosine induced hypotension is planned. 
 
Delayed Cerebral Ischemia (DCI): The term DCI is preferred over vasospasm because cerebral 
ischemia can occur without angiographically detected vasospasm. The mechanism of DCI is not 
known and likely to be multifactorial with severity depending on the degree of initial hemorrhage. The 
suggested mechanisms are loss of blood brain integrity, initial cerebral edema, loss of autoregulation, 
cortical spreading depression and microthrombosis.37 Cortical spreading depression is a slow 
depolarization wave in the grey matter which suppresses spontaneous and evoked EEG activity. The 
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spreading clusters of such waves in the cortex results in severe vasoconstriction, impairment of brain 
ion homeostasis and recurrent tissue ischemia.37 Microthrombosis is a result of activation of the 
coagulation cascade following initial hemorrhage. There are currently no established biomarkers to 
predict the development of vasospasm or to monitor its progression. 
 
Management of DCI: At present oral nimodipine has an established role in the management of DCI 
along with maintenance of euvolemia and induced hypertension.38 The use of intravenous nimodipine 
and the role of other calcium channel blockers for the management of DCI are not confirmed. The role 
of HHH (hypertension, hypervolemia, hemodilution) is not demonstrated in randomized controlled 
trials. Hypertension is the more important component of HHH therapy and increases cerebral blood 
flow, brain tissue oxygen levels and reverses neurological symptoms.39, 40 Hypervolemia therapy 
increases morbidity secondary to fluid overload CHF and may worsen the neurogenic pulmonary 
edema. Isovolumic and hypervolemic hemodilution increases global cerebral blood flow, but is 
associated with decreased oxygen delivery.38,40,41 Transluminal balloon angioplasty and intra-arterial 
vasodilatation therapy with nimodipine and milrinone have shown promising results in some small 
case studies, additional large studies are required.38, 42 Intra-arterial papavarine reverses the 
vasospasm effectively but its effects are transient which requires frequent multiple treatments.38 The 
neurological complications of papaverine use are elevated ICP due to the need for multiple 
treatments, monocular blindness and permanent selective grey matter changes.38 The crystallization 
of papavarine in the infusion tubing may cause embolization. Due to these concerns papaverine use 
should be avoided. The effectiveness of magnesium, simvastatin and clazosentan has not been 
demonstrated for DCI management.38 Transcranial Doppler (TCD) is noninvasive and portable, but 
the role of TCD in the diagnosis and monitoring of vasospasm progression and overall neurological 
outcome is limited.43 TCD is more useful for monitoring vasospasm in ICA and MCA distribution than 
other circulations and in detecting proximal rather than distal vasospasm.43 

 

Hunt and Hess scale  

Grade Clinical features 

1 Asymptomatic or mild headache  and slight neck stiffness 

2 Moderate severe headache, nuchal rigidity and cranial nerve palsy 

3 Drowsiness or confusion and mild focal neurological deficit 

4 Stupor and moderate to severe hemiparesis 

5 Coma and decerebrate posturing 
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World federation of Neurological surgeons (WFNS) grading system 

Grade Clinical features 

1 GCS  15 without motor deficit 

2 GCS 13-14 without motor deficit 

3 GCS 13-14 with motor deficit 

4 GCS  7-12  with or without motor deficit 

5 GCS 3-6 with or without motor deficit 

GCS= Glasgow Coma Scale 

Fischer Scale based on CT scan  

Grade  CT findings 

1 No blood 

2 Diffuse or thin layer less than 1 mm thick in vertical plane 

3 Localized clots or layers more than 1 mm thick in vertical plane 

4 Interventricular  or intracerebral clots with or without 

subarachnoid blood 

 
 
References 
1. Priebe HJ: Aneurysmal subarachnoid haemorrhage and the anaesthetist. Br J Anaesth 2007; 
99:102-18 
2. van Gijn J, Rinkel GJ: Subarachnoid haemorrhage: diagnosis, causes and management. Brain 
2001; 124:249-78 
3. Suarez JI, Tarr RW, Selman WR: Aneurysmal subarachnoid hemorrhage. N Engl J Med 2006; 
354:387-96 
4. Wiebers DO, Whisnant JP, Huston J 3rd, Meissner I, Brown RD Jr, Piepgras DG, Forbes GS, 
Thielen K, Nichols D, O'Fallon WM, Peacock J, Jaeger L, Kassell NF, Kongable-Beckman GL, Torner 
JC: International Study of Unruptured Intracranial Aneurysms Investigators. Unruptured intracranial 
aneurysms: natural history, clinical outcome, and risks of surgical and endovascular treatment. Lancet 



 
 

 

Problem-Based Learning Discussions (PBLD) Anesthesiology 2015 © American Society of Anesthesiologists. All rights reserved. Note: 

This publication contains material copyrighted by others. Individual PBLD sessions are reprinted by ASA with permission. Reprinting or 

using individual PBLDs contained herein is strictly prohibited without permission from the authors/copyright holders. 

Page 11 

 

2003; 362:103-10 
5. Wermer MJ, van der Schaaf IC, Algra A, Rinkel GJ: Risk of rupture of unruptured intracranial 
aneurysms in relation to patient and aneurysm characteristics: an updated meta-analysis. Stroke 
2007; 38:1404-10 
6. Rinkel GJ, Djibuti M, Algra A, van Gijn J: Prevalence and risk of rupture of intracranial aneurysms: 
a systematic review. Stroke 1998; 29:251-6 
7. Rosen DS, Macdonald RL: Subarachnoid hemorrhage grading scales: a systematic review. 
Neurocrit Care 2005; 2:110-8 
8. Frontera JA, Claassen J, Schmidt JM, Wartenberg KE, Temes R, Connolly ES Jr, MacDonald RL, 
Mayer SA: Prediction of symptomatic vasospasm after subarachnoid hemorrhage: the modified fisher 
scale: Neurosurgery 2006; 59:21-7 
9. Naidech AM, Kreiter KT, Janjua N, Ostapkovich ND, Parra A, Commichau C, Fitzsimmons BF, 
Connolly ES, Mayer SA: Cardiac troponin elevation, cardiovascular morbidity and outcome after 
subarachnoid hemorrhage. Circulation 2005; 112:2851-6 
10. Davison DL, Terek M, Chawla LS: Neurogenic pulmonary edema. Crit Care 2012; 16:212 
11. Anderson CS, Heeley E, Huang Y, Wang J, Stapf C, Delcourt C, Lindley R, Robinson T, Lavados 
P, Neal B, Hata J, Arima H, Parsons M, Li Y, Wang J, Heritier S, Li Q, Woodward M, Simes RJ, Davis 
SM, Chalmers J; INTERACT2 Investigators: Rapid blood-pressure lowering in patients with acute 
intracerebral hemorrhage. N Eng J Med 2013; 368:2355-65 
12. Butcher KS, Jeerakathil T, Hill M , Demchuk AM, Dowlatshahi D, Coutts SB, Gould B, McCourt R, 
Asdaghi N, Findlay M, Emery D, Shuaib A; for the ICH ADAPT Investigators: The Intracerebral 
Haemorrhage Acutely Decreasing Arterial Pressure Trial (ICH ADAPT): Final results. International 
Stroke Conference Oral Abstracts. Stroke 2013; 44:A113 
13. D’Souza S: Aneurysmal subarachnoid hemorrhage. J Neurosurgical Anesthesiol 2014; [Epub 
ahead of print] PubMed PMID: 25272066 
14. Molyneux AJ, Kerr RS, Stratton I, Sandercock P, Clarke M, Shrimpton J, Holman R: International 
Subarachnoid Aneurysm Trial (ISAT) Collaborative group: International Subarachnoid Aneurysm Trial 
(ISAT) of neurosurgical clipping versus endovascular coiling in 2,143 patients with ruptured 
intracranial aneurysms: a randomized trial. Lancet 2002; 360:1267-74 
15. Molyneux AJ, Kerr RS, Birks J, Ramzi N, Yarnold J, Sneade M, Rischmiller J; ISAT Collaborators: 
Risk of recurrent subarachnoid haemorrhage, death or dependence and standardized mortality ratios 
after clipping or coiling of an intracranial aneurysm in the International Subarachnoid Aneurysm Trial 
(ISAT): long-term follow up. Lancet Neurol 2009; 8:427-33 
16. Alderazi YJ, Shastri D, Kass-Hout T, Prestigiacomo CJ, Gandhi CD: Flow diverters for intracranial 
aneurysms. Stroke Res Treat 2014; 2014:415653 
17. Brinjikji W, Murad MH, Lanzino G, Cloft HJ, Kallmes DF: Endovascular treatment of intracranial 
aneurysms with flow diverters: A meta-analysis. Stroke 2013; 44:442-447 
18. Arrese I, Sarabia R, Pintado R, Delgado-Rodriguez M: Flow-diverter devices for intracranial 
aneurysms: systematic review and meta-analysis. Neurosurgery. 2013; 73:193-200 
19. Jaeger M, Soehle M, Schuhmann MU, Meixensberger J: Clinical significance of impaired 



 
 

 

Problem-Based Learning Discussions (PBLD) Anesthesiology 2015 © American Society of Anesthesiologists. All rights reserved. Note: 

This publication contains material copyrighted by others. Individual PBLD sessions are reprinted by ASA with permission. Reprinting or 

using individual PBLDs contained herein is strictly prohibited without permission from the authors/copyright holders. 

Page 12 

 

cerebrovascular autoregulation after severe aneurysmal subarachnoid hemorrhage. Stroke 2012; 
43:2097-101 
20. Fraga M, Rama-Maceiras P, Rodińo S, Aymerich H, Pose P, Belda J: The effects of isoflurane 
and desflurane on intracranial pressure, cerebral perfusion pressure, and cerebral arteriovenous 
oxygen content difference in normocapnic patients with supratentorial brain tumors. Anesthesiology 
2003; 98:1085-90 
21. Lauta E, Abbinante C, Del Gaudio A, Aloj F, Fanelli M, de Vivi P, Tommasino C, Fiore T: 
Emergence times are similar with sevoflurane and total intravenous anesthesia: results of a 
multicenter RCT of patients scheduled for supratentorial craniotomy. J Neurosurg Anesthesiol. 2010; 
22:110-118 
22. Citerio G, Pesenti A, Latini R, Masson S, Barlera S, Gaspari F, Franzosi MG; NeuroMorfeo Study 
Group: A multicentre, randomised, open-label, controlled trial evaluating equivalence of inhalational 
and intravenous anaesthesia during elective craniotomy. Eur J Anaesthesiol 2012; 29:371-9 
23. Uchida, K,Yasunaga, H,Sumitani, M,Horiguchi, H,Fushimi, K,YamadaY: Effects of Remifentanil on 
in-hospital mortality and length of stay following clipping of intracranial aneurysm: A propensity score-
matched analysis. J Neurosurg Anesthesiol 2014; 26:291-8 
24. Moore AJ, Newell DW: Tumor Neurosurgery Principles and Practice. Springer-Verlag; London 
Limited Publishers, 2006, p 88 
25. Wu CT, Chen LC, Kuo CP, Ju DT, Borel CO, Cherng CH, Wong CS: A comparison of 3% 
hypertonic saline and mannitol for brain relaxation during elective supratentorial brain tumor surgery. 
Anesth Analg 2010; 110:903-7 
26. Mortazavi MM, Romeo AK, Deep A, Griessenauer CJ, Shoja MM, Tubbs RS, Fischer W: 
Hypertonic saline for treating raised intracranial pressure: literature review with meta-analysis. J 
Neurosurg 2012;116:210-21 
27. Todd MM, Hindman BJ, Clarke WR, Torner JC: Mild intraoperative hypothermia during surgery for 
intracranial aneurysm. N Engl J Med 2005; 352:135-45 
28. Komotar RJ, Jones JE, Connolly ES Jr: Introperative hypothermia for Aneurysm surgery Trial 
(IHAST). Neurosurgery. 2005; 56:N9-N10 
29. Lopéz JR, Chang SD, Steinberg GK: The use of electrophysiological monitoring in the 
intraoperative management of intracranial aneurysms. J Neurol Neurosurg Psychiatry 1999; 66:189-
96 
30. Wicks RT, Pradilla G, Raza SM, Hadelsberg U, Coon AL, Huang J, Tamargo RJ: Impact of 
changes in intraoperative somatosensory evoked potentials on stroke rates after clipping of 
intracranial aneurysms. Neurosurgery 2012; 70:1114-24 
31. Schick U, Döhnert J, Meyer JJ, Vitzthum HE: Effects of temporary clips on somatosensory evoked 
potentials in aneurysm surgery. Neurocrit Care 2005; 2:141-9 
32. Lavine SD, Masri LS, Levy ML, Giannotta SL: Temporary occlusion of the middle cerebral artery in 
intracranial aneurysm surgery: time limitation and advantage of brain protection. J. Neurosurg 1997; 
87:817-24 
33. Hindman BJ, Bayman EO, Pfisterer WK, Torner JC, Todd MM: IHAST Investigators: No 



 
 

 

Problem-Based Learning Discussions (PBLD) Anesthesiology 2015 © American Society of Anesthesiologists. All rights reserved. Note: 

This publication contains material copyrighted by others. Individual PBLD sessions are reprinted by ASA with permission. Reprinting or 

using individual PBLDs contained herein is strictly prohibited without permission from the authors/copyright holders. 

Page 13 

 

association between intraoperative hypothermia or supplemental protective drug and neurological 
outcomes in patients undergoing temporary clipping during cerebral aneurysm surgery: findings from 
the Intraoperative Hypothermia for Aneurysm Surgery Trial. Anesthesiology 2010; 112:86-101 
34. Bebawy JF, Zeeni C, Sharma S, Kim ES, DeWood MS, Hemmer LB, Ramaiah VK, Bendok BR, 
Koht A, Gupta DK: Adenosine-induced flow arrest to facilitate intracranial aneurysm clip ligation does 
not worsen neurologic outcome. Anesth Analg 2013; 117:1205-10 
35. Khan SA, McDonagh DL, Adogwa O, Gokhale S, Toche UN, Verla T, Zomorodi AR, Britz GW: 
Perioperative cardiac complications and 30-day mortality in patients undergoing intracranial 
aneurysmal surgery with adenosine-induced flow arrest: A retrospective comparative study. 
Neurosurgery 2014; 74:267-72 
36. Khan AS, Nimjee SM, Guinn NN, Zomorodi AR, Lam AM, Britz GW, McDonagh DL: The use of 
adenosine in cerebral aneurysm clipping: A review. Curr Anesthesiol Rep 2013; 3:210-13 
37. Rowland MJ, Hadjipavlou G, Kelly M, Westbrook J, Pattinson KT: Delayed cerebral ischemia after 
subarachnoid haemorrhage: looking beyond vasospasm. Br J Anaesth. 2012; 109:315-29 
38. Athar MK, Levine JM: Treatment options for cerebral vasospasm in aneurysmal subarachnoid 
hemorrhage. Neurotherapeutics.2012; 9:37-43 
39. Velat GJ, Kimball MM, Mocco JD, and Hoh BL: Vasospasm after aneurysmal subarachnoid 
hemorrhage: review of randomized controlled trials and meta-analysis in the literature. World 
Neurosurg 2011; 76:446-54 
40. Lee KH, Lukovits T, Friedman JA: “Triple-H” therapy for cerebral vasospasm following 
subarachnoid hemorrhage. Neurocrit Care 2006; 4:68-76 
41. Chittiboina P, Conrad S, McCarthy P, Nanda A, Guthikonda B: The evolving role of hemodilution 
in treatment of cerebral vasospasm: a historical perspective. World Neurosurg 2011;75:660-4 
42. Abruzzo T, Moran C, Blackham KA, Eskey CJ, Lev R, Meyers P, Narayanan S, Prestigiacomo CJ: 
Invasive interventional management of post-hemorrhagic cerebral vasospasm in patients with 
aneurysmal subarachnoid hemorrhage. J Neurointerv Surg 2012; 4:169-77 
43. Miller CM Palestrant D, Schievink WI, and Alexander MJ: Prolonged transcranial Doppler 
monitoring after aneurysmal subarachnoid hemorrhage fails to adequately to predict ischemic risk. 
Neurocrit Care 2011; 15:387-92 


