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Aneurysmal Subarachnoid Hemorrhage 
Special Guest: Casey May, PharmD, BCCCP 

 

What are the most common types of intracerebral bleeds? 

§ 4 main types 
§ Epidural hematoma – blood accumulates between skull and dura matter 

(outermost covering of the brain) 
o Most are caused by tears in the artery, and is a surgical emergency 

§ Subdural hematoma – blood accumulates on the surface of the brain between 
the dura matter and the arachnoid matter 

§ Subarachnoid hemorrhage – bleeding that occurs between the arachnoid 
membrane and the pia matter (very thin tissue surrounding the brain) 

§ Intracerebral hemorrhage – bleeding that happens inside the brain tissue itself or 
the brain parenchyma.  

o Most common type of ICH, usually associated with HTN  
 
What are the different types of subarachnoid hemorrhage (SAH)? 
§ Two main types: traumatic SAH and non-traumatic SAH 
§ Traumatic – caused by head injury or trauma and usually near the site of a skull 

fracture or contusion 
o Can also happen in the setting of other traumatic brain injuries (TBI + 

SAH) 
o Traditionally they are venous in nature 

§ Treatment differs from non-traumatic SAH 
 

§ This discussion will focus on the management of non-traumatic SAH 
§ Usually affect patients that tend to be younger 

o 5-10% of all US strokes are caused by non-traumatic SAH 
§ Usually caused by an aneurysm, but could be caused by a vascular 

malformation or vasculitis 
o ~80% are caused by a ruptured aneurysm 
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What is the pathophysiology of an aneurysmal subarachnoid hemorrhage 
(aSAH)? 
§ Patients who develop aSAH have bleeding from a known location, usually an 

aneurysm 
§ Aneurysms typically form at branch points (bifurcations) on the intracranial 

arteries, most commonly in the Circle of Willis 
o When the aneurysm ruptures it is an intracranial catastrophe 
o Blood goes into the subarachnoid space 

§ Enters at arterial pressure until intracranial pressure is equal across 
the ruptured aneurysm site  

§ Then the bleeding stops and a thrombus forms 
o Bleeding leads to headaches and even AMS or coma based on the amount 

of blood that left the arterial system 
o This bleeding also causes an activation of the sympathetic nervous 

system with elevated circulating levels of catecholamines 
§ This is known to occur in patients with brain injury, particularly 

after SAH 
o This release of catecholamines can affect other organs (e.g. Takotsubo 

cardiomyopathy) 
 
Are there any risk factors for aSAH, modifiable or non-modifiable? 
§ Intracranial aneurysms occur in 1-2% of the population 
§ Modifiable 

o HTN, smoking, alcohol abuse, use of sympathomimetic drugs 
§ Non-modifiable 

o Family history (first-degree relative with an intracranial aneurysm) but 
haven’t identified a genetic link 

o Connective-tissue disorders (Ehlers-Danlos syndrome or Marfan’s 
syndrome) 

o Polycystic kidney disease 
o Female gender 
o African American and Hispanic ethnicity 

 
What is the classic presentation of an aSAH patient? 
§ “Worst headache of my life” or a “thunderclap headache” 
§ Other associated signs/symptoms: 
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o Nausea and vomiting 
o Photophobia 
o Neck stiffness 
o Focal neurologic deficits that can lead to AMS, lethargy, or coma in 

severe cases 
 
What classification system is used to predict aSAH patient outcomes? 
§ Two most commonly used are the Hunt-Hess classification and World 

Federation of Neurosurgical Societies classification 
o Both use the severity of encephalopathy as the major determinant of the 

grade 
§ Encephalopathy due to the ruptured aneurysm which can produce 

immediate widespread brain dysfunction 
§ Hunt & Hess is the oldest and the scale most are familiar with 

o Scale ranges from 1-5 
o Higher grade correlates to a lower survival rate 

§ Hunt & Hess score of 1 is associated with a 30% mortality 
§ Hunt & Hess score of 5 (coma presentation) has a mortality rate 

~90% 
o Scale was developed in the 1960’s and we have new treatments and 

standards of care for these patients 
§ The predicted mortality rate may be different now 

§ World Federation of Neurosurgical Societies (WFNS) classification uses GCS 
and the presence of focal neurologic deficits 

o Developed in 1998 and ranges from Grade 1 to Grade 5 
§ Higher grade, more severe 

§ Another important tool is the Fisher Scale 
o System used to identify the amount of subarachnoid hemorrhage on the 

CT scan 
o Predicts occurrence and the severity of cerebral vasospasms 

§ Ranges from Grade 1 to Grade 4 (increasing in severity) 
• Grade 3 has the highest incidence of cerebral vasospasm 
• Grade 4 says there is intraventricular blood (but could have 

minimal blood in subarachnoid space) which has less risk 
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When these patients present, they can be critically ill, how do you triage their 
acute care issues? Do you focus on specific problems first? 
§ These patients can present critically ill or simply with a headache.  
§ The risk of re-bleeding is highest in the first 2-12 hours 

o Factors associated with aneurysm rebleeding include longer time to 
aneurysm treatment, worse neurologic status on admission, larger 
aneurysm size, and SBP > 160 mm Hg 

§ The most important issue in SAH management is to secure the aneurysm first 
o This is out of the Pharmacist’s control 

§ The next most important thing is blood pressure management 
§ If they are on an anticoagulant at home, assess if reversal is necessary 

o This is less common because these patients are generally healthy with 
few medical issues 

 
What is the initial blood pressure target or goal range? 
§ Acute hypertension should be controlled 

o The actual number is not well defined 
§ Guidelines recommend maintaining SBP < 160 mm Hg 

o If the SBP is above 160 mm Hg, higher incidence of re-rupture 
§ Most centers target SBP < 140 mm Hg until the aneurysm is secured 
 
Is there evidence to suggest the use of one agent over others for acute 
hypertension management? 
§ Short answer is no 
§ There are a variety of options available: 

o Nicardipine, clevidipine, labetalol, and sodium nitroprusside 
§ Some data suggests nicardipine may offer smoother blood pressure control 

o No data demonstrating differences in clinical outcomes 
§ Use an infusion, something that is titratable, and whatever is rapidly available 
§ Retrospective data from Columbia University Medical Center suggests that 

nicardipine, labetalol, and the combination appear to be equivalent in 
maintaining blood pressure within the goal and minimizing variability in their 
ICH/SAH patient population. 

o Nicardipine achieved goals faster than labetalol 
o No differences in clinical outcomes 
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What are risks/concerns with anti-hypertensive agents and their use in aSAH? 
§ Biggest concern is lowering cerebral perfusion pressure (CPP) which may lead 

to cerebral ischemia in patients with an elevated ICP on arrival 
§ Biggest focus is to achieve an SBP < 160 mm Hg until you can get the 

aneurysm secured for ultimate management 
 
Do these patients have a high risk of presenting with cerebral edema or 
elevated ICP? 
§ The risk of having an elevated ICP is really related to the amount of 

subarachnoid blood the patient has 
o These patients have a higher Hunt & Hess score presenting in a 

comatose-like state 
o These patients will receive empiric treatment for elevated ICP 

 
Ultimately is the cerebral edema management the same as other disease states 
or patient populations? 
§ Don’t have great data on what to do for patients with an elevated ICP 
§ Typically use hypertonic saline boluses (3% or 23.4%), which is symptom-

based treatment 
o Treating when you have a decline in mental status or an ICP elevation 

rather than targeting a sodium 
§ If your sodium is already elevated (155-160 mEq/L), mannitol is a good 

alternative option 
o Largely there isn’t a difference in ICP control when given HTS or 

mannitol are given at equal osmolar doses 
§ Use what is closest, but be sure you’re using the correct dosing of the 

hyperosmolar agent 
 
When is the cerebral edema risk the highest? Does that ever change during 
their hospital course? 
§ Often issues arise with elevated ICP when a patient has intraventricular blood in 

addition to SAH blood 
o More common in their initial presentation  

§ aSAH patients with IVH typically need an EVD (drain excess CSF to assist 
with ICP management)  
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o Can see delayed cerebral edema related to ischemia, if a patient develops 
severe vasospasms 

o This occurs later in the hospital course (7-14 day range) 
 
Compare and contrast surgical clipping compared to endovascular coiling for 
the definitive treatment of the ruptured aneurysm. 
§ Ultimately it is extremely important to secure (or repair) the aneurysm 
§ If a patient’s aneurysm re-ruptures (re-bleeds), this can be devastating 
§  We know that treatment of a ruptured aneurysm is safe, and it eliminates risk 

of an aneurysm re-rupture 
o This was not always known, and historically Hunt-Hess grade 5 patients 

were initially observed rather than immediately intervened upon 
§ Surgical clipping – open the skull and perform craniotomy 

o The cerebral arteries at the base of the skull are mobilized to expose the 
aneurysm 

o Then a titanium clip is placed at the neck of the aneurysm to 
mechanically close the sac at its neck while preserving blood flow 
through the adjacent normal arteries 

§ This is invasive brain surgery 
§ Endovascular treatment of a ruptured aneurysm navigates a catheter under 

fluoroscopic guidance from an arterial entrance point (typically the femoral 
artery) up to the parent artery of the aneurysm 

o Microcatheters are advanced into the aneurysm sac and metal coils are 
deposited into the aneurysm lumen 

§ This arrests intra-aneurysmal blood flow and induces thrombus 
formation occluding the aneurysm and eliminating the immediate 
risk of re-rupture 

§ Endovascular therapy can be paired with a stent for aneurysms with wide necks 
to prevent the coil mass from falling into the artery 

o This is stent-assisted coiling and requires a course of dual antiplatelet 
therapy 

§ Important to be aware that RCTs suggest that endovascular intervention better 
treats these aneurysms compared to surgical clipping 

o ISAT trial compared 1-year and 7-year outcomes 
§ Coiled patients had some better outcomes at 1 year, but no 

difference was seen at 7 years 
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How do we monitor for delayed complications such as cerebral ischemia and 
cerebral vasospasms? 
§ Cerebral vasospasms are narrowing of the angiographically visible cerebral 

arteries after a subarachnoid hemorrhage 
o Occurs in ~70% of patients who present with aSAH 
o This process takes 3-4 days post-aneurysm rupture  
o Peak time period is day 7-10 and resolves by day 14-21 

§ Delayed cerebral ischemia is a clinical syndrome of focal neurologic deficits 
that develop in patients who have cerebral vasospasms 

o This occurs in ~1/3 patients 
o Typically occurs in the 4-14 day window 
o The major cause of death/disability after subarachnoid hemorrhage has 

occurred  
§ Monitor for vasospasms, generally daily, by completing transcranial dopplers 

(TCDs)  
o Ultrasound that is done at the bedside  
o Measure the velocity of the intracerebral arteries 

§ As the velocity increases, the risk that the vessel is narrowing is 
very high 

o Just because the velocities increase, doesn’t mean the patient is in danger 
§ These are trended daily and use these in conjunction with the 

patient’s neurologic exam (which is closely watched) 
• Rely more on TCD numbers in those who are unable to 

participate fully in a neurologic exam (e.g. comatose state) 
§ For those patients who have increased velocity on their TCDs as well as a focal 

neurologic deficit: 
o May have a CT angiogram (CTA) to see if we have narrowing of the 

vessels 
o If the neurologic exam is poor enough, neurosurgeon may take them for 

an intervention in the angiography suite 
 
Is there any pharmacologic treatment for cerebral vasospasms? 
§ Most of the interventions evaluated for the “prevention” of vasospasms have all 

failed 
o Examples include statins, magnesium, nimodipine, aspirin 
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§ “Triple H therapy” is an old strategy that is not used routinely as a prophylactic 
regimen at most centers 

o Hypertension, Hypervolemia, Hemodilution 
§ When patients develop vasospasms: 

o Maintain euvolemia  
o May augment their SBP to 10-20 mm Hg above their baseline SBP 

§ The patient’s may wake up and improve their neurologic exam 
with that 

o Not recommended to do hemodilution because that can reduce the 
oxygen carrying capacity 

§ Vasospasm treatment is aimed at relaxing the vessel, with most of these 
interventions being completed in the angio suite 

o IA verapamil, nicardipine, and milrinone can be used and administered 
right at the site of the spasm 

§ Will commonly use the term “squirted” when administered 
o If the patient has an EVD, can administer nicardipine or sodium 

nitroprusside through the EVD 
o IV medications include: milrinone, magnesium sulfate, and sildenafil 
o Trials are looking into the use of clazosentan (endothelin receptor 

antagonist) and unfractionated heparin 
 
What is the role of nimodipine in aneurysmal subarachnoid hemorrhage? 
§ Originally studied because the thought was that nimodipine would help prevent 

cerebral vasospasms by relaxing the vessels 
o The incidence of vasospasms was similar between groups 

§ Patients on nimodipine had fewer cerebral infarcts and had improved outcomes 
after subarachnoid hemorrhage 

§ Nimodipine is used to help reduce delayed cerebral ischemia that occurs 
secondary to cerebral vasospasms 

o Not 100% sure about the mechanism of action 
 
In patients receiving vasopressors to augment their blood pressure, should 
you continue using nimodipine? 
§ The answers to this question may vary on who you ask 
§ Casey’s approach is to continue using nimodipine in patients who are receiving 

one low-dose vasopressor 
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o If the dose escalates or additional vasopressors are required, will hold 
nimodipine until the vasopressor is able to be weaned down or off 

§ If on vasopressors to augment their blood pressure to improve cerebral 
perfusion 

o Will continue nimodipine because the vasopressor rates remain fairly low 
in these patients 

 
The evidence-based dosing regimen for nimodipine is 60mg PO q4hr, do you 
ever alter this regimen? 
§ If a patient significantly drops their systolic blood pressure after a 60mg 

nimodipine dose, will recommend trying 30mg nimodipine PO q2hr 
o Giving the same 24-hour dose, but not much published literature to 

support its use 
§ If nimodipine is held for blood pressure issues, when nimodipine treatment is 

resumed, extra days are not added onto therapy 
o Will only continue using nimodipine for 21 days after the ictus since that 

is when the vasospasm window is occurring 
o Keep the original stop date since the vasospasm window isn’t extended, 

nimodipine therapy was just temporarily held 
§ This is a transition of care concern 

 
If patients can’t reliably swallow capsules, are there alternate ways to 
administer nimodipine? 
§ Nimodipine is available in a gel cap (Nimotop) and an oral solution (Nymalize) 
§ Prior to the oral solution being released, administering nimodipine gel caps 

down an NG/OG tube was difficult if not impossible 
o RN developed creative ways to remove the medicine from the gel cap 

§ Sticking capsule under the arm pit 
§ Put it in the microwave to make it easier to puncture 

o RN syringe had to use an IV syringe and puncture the gel cap to pull out 
the solution 

§ This could lead to inadvertent IV administration which has 
occurred in the US and it led to CV collapse and death 

§ The oral solution is still expensive, so many hospitals compound their own oral 
solution from the gel caps 

§ Rarely do patients not have enteral access to administer nimodipine 
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When should DVT prophylaxis be initiated? Should we be using a specific 
agent or regimen? 
§ Feel very comfortable approximately 24 hours after the aneurysm is secured, 

either by coiling or clipping 
o We know where the bleed is in these patients, so once it is taken care of, 

there is less concern of re-bleeding 
§ Don’t have specific data on which agent (LMWH or UFH) would be preferred 
§ A meta-analysis in a general neurosurgical population states that UFH 

decreases risk of DVT, both 5000 units SubQ BID or TID 
o No head to head studies comparing these modalities 

§ The same meta-analysis states that LMWH can be used but may increase the 
risk of intracranial bleeding 

o If a patient has undergone surgical clipping with a craniotomy, the 
benefits of low-dose LMWH probably outweigh the harm 

§ Enoxaparin is superior in both ischemic stroke and in the surgical population, 
but don’t have data for aSAH patients 

§ The agent you choose may be dependent on your center 
§ No consensus on anti-Xa monitoring when using LMWH for DVT prophylaxis 

o May consider following in patients who at the weight extremes, renal 
dysfunction, or at risk of bleeding 

 
Is there evidence for the use of empiric seizure prophylaxis? Or is it typically 
used once there is a patient-specific concern? 
§ This will likely vary greatly from center to center 
§ Seizures occur in up to 20% of aSAH patients 

o Most commonly occurs in the first 24 hours of their course 
§ Don’t have strong data supporting empiric seizure prophylaxis in aSAH patients 

o Most studies don’t demonstrate benefit with prophylaxis 
o But those studies are small and have several limitations 
o A 2017 meta-analysis confirms there is no evidence for routine use of 

seizure prophylaxis in aSAH patients 
§ A big issue is that seizure prophylaxis with anti-epileptic drugs (AED) routinely 

lead to adverse events, up to 23% in one study 
o Prophylactic phenytoin can worsen cognitive outcomes at 3 months 



 
 

Nick Peters, PharmD, BCCCP, BCPS, CNSC 
Pharmacy To Dose: The Critical Care Podcast  
Aneurysmal Subarachnoid Hemorrhage 06/03/2020 Show Notes 

11 

§ Guidelines state that seizure prophylaxis may be considered in the immediate 
post-hemorrhage period, but recommends against long-term AED use 

§ If seizure prophylaxis is used, appears that levetiracetam is better tolerated than 
phenytoin 

o And a shorter 3-day course is preferred to the longer 7-day course 
 
How do we define augmented renal clearance (ARC) and is there any data on 
the prevalence of ARC in aSAH patients? 
§ Augmented renal clearance is defined by a CrCl > 120 mL/min adjusted to BSA 

in women and > 130 mL/min adjusted to BSA in men 
§ Don’t have a great idea on the prevelance, but predict it’s very high 

o Casey studied this at UK and found that ARC occurred in 100% of the 20 
patients in the study 

o The average CrCl being 325 mL/min which escalated higher if patients 
develop cerebral vasospasm 

 
How is augmented renal clearance diagnosed? 
§ Complete a urine collection over 8-24 hours 

o Can get an accurate assessment at 8 hours or could collect the full 24 
hours 

§ If you don’t have urine collection at your center, can use information from 
medications where we utilize TDM 

o If the levels are much lower than you expect, the patients probably have 
augmented renal clearance 

 
What dosing references do we have to help maximize safety and efficacy of 
medications in patients with augmented renal clearance? 
§ Don’t have good recommendations or solid dosing references 
§ Each institution will likely make their own dosing recommendations 
§ If a patient has ARC, will be aggressive on all dosing  

o Especially with medications that aren’t able to be monitored 
§ For example, maximum doses of cefepime or 

piperacillin/tazobactam with extended interval infusions 
§ We’re very unsure about how this affects medications that aren’t renally cleared 

o But likely have augmented clearance/metabolism in hepatically 
eliminated drugs as well 
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What would be some high-level take-home points for all of us to remember 
when treating aSAH patients? 

§ Initial blood pressure control is very important followed quickly by securing 
the aneurysm either by endovascular coiling or surgical clipping 

§ Nimodipine is the only agent that has demonstrated improved delayed 
cerebral ischemia 

o Important to provide nurses with either the commercially available 
oral solution or compound unit-dose syringes of the oral solution to 
prevent inadvertent IV administration 

§ Remember the severity of cerebral vasospasms 
o It occurs in up to 70% of patients, but only 30% will develop delayed 

cerebral ischemia defined as symptomatic vasospasms 
o A cerebral vasospasm can be devastating neurologically 

§ Pay attention to goals set by the team, specifically focusing on blood 
pressure goals 

o It’s common to change a BP goal from < 140 mm Hg to < 220 mm Hg 
and this is a big intervention to implement on POD1 after securing the 
aneurysm 

§ Understand the interventions that your neurosurgeons are using on these 
patients in the angio suite  

 


