Neurosurgery Oral Board Stems: Aneurysm

Adapted from UBP and Prior Stem by Cindy Kim

51-year-old, 72 kg man presents to the operating room for repair of an anterior communicating artery aneurysm. The patient has been complaining of severe headaches for the last two days and family members report an episode of impaired cognition. There are no apparent neurologic deficits at this time.

PMHx: Chronic Hypertension for 15 years and Coronary artery disease with a myocardial infarction two years ago. 

PSHx: The patient was told he was difficult to intubate during a laparoscopic procedure 5 years ago. 

Meds: nimodipine, enalapril, and furosemide

Allergies: Penicillin (rash)

Physical Exam: Vital Signs: P = 92, BP 140/90, RR= 16, T = 36
General: awake, alert, oriented x3, apprehensive
Neurologic: exam unremarkable

EKG: LVH with nonspecific ST changes

Labs: Hb 12.2, Na 145, K 3.1, Cr 1.1

Imaging: MRA with large arterior communicating artery aneurysm, no evidence of intracranial bleed



Questions

Preoperative Evaluation:
1) Does this patient have elevated intracranial pressure (ICP)? How would you know?
2) How would you evaluate this patient’s airway?
3) What monitors would you require for this case?
4) Would you insert your lines prior to induction?
5) Would a pulmonary artery (PA) catheter be useful?
6) What would you do if you inadvertently cannulated the carotid artery on the right? Would you cancel the case? Is there any advantage to a subclavian approach?
7) What is the patient’s clinical neurologic grade according to Hunt-Hess classification?
8) What other labs would you order prior to induction?
9) What are the normal values of cerebral blood flow?
10) What are the determinants of cerebral blood flow?
11) How does this patient’s history of hypertension affect your anesthetic preparation?
12) What is meant by cerebral autoregulation? How does chronic hypertension affect this curve?
13) 

Intraoperative Management:
1) How would you induce anesthesia in this patient?
2) The surgeon asks you to lower the blood pressure prior to clip placement. Do you agree with this management decision?
3) How low will you allow the blood pressure to go?
4) The surgeon decides to go ahead and place a temporary clip on the anterior cerebral artery. Does this alter your management?
5) Is there anything you could do to provide protection while the clip was in place?
6) What about hypothermia? Why or why not?
7) You notice ST changes on the EKG. What do you think? What would you do?
8) The surgeon confirms that the aneurysm has ruptured. What would you do? Would you raise or lower the BP?
9) The surgeon places a clip on the anterior cerebral artery to get control of the bleeding and the posterior tibial to vertex SSEPs disappear. Is this concerning? 

Postoperative Management: 
1) Are you going to extubate this patient at the end of this case? What are your extubation criteria?
2) On post-op day #2, the patient has become minimally responsive to painful stimuli. The nurse says that he was responsive to verbal stimuli just a few hours ago. Are you concerned?
3) What do you think is going on?
4) How can you determine if this is cerebral vasospasm? Is transcranial doppler indicated? Angiography? Which would you order?
5) Cerebral angiogram reveals diffuse vasospasm. How will you treat this patient?
6) What is neurogenic pulmonary edema?
7) Assuming this was neurogenic pulmonary edema, what would you do to treat this condition?
8) On post-op day #3, the serum sodium is 125 mEq/L. What is your differential? 

Answers

Preoperative Evaluation:

1) Does this patient have elevated intracranial pressure (ICP)? How would you know?

Given that the patient is presenting with a severe headache in the setting of a known aneurysm, subarachnoid hemorrhage should be at the top of your differential. The lack of bleeding on MRA is very reassuring, making elevated ICP unlikely. Regardless, I would preform a thorough history and physical looking for signs of elevated ICP, such as headache, papilledema, nausea/vomiting, altered mental status, and Cushing’s triad (HTN, bradycardia, and bradypnea or widened pulse pressure). 

2) How would you evaluate this patient’s airway?

I would preform a history and physical looking for specific findings that may suggest a difficult airway such as poor mouth opening, poor cervical spine range of motion, receding chin, large tongue, prominent incisors, short neck, reduced thyromental distance (<6.5cm), reduced sternomental distance (<12.5cm), and a Mallampati classification of III or IV. In addition, I would attempt to obtain any old anesthetic record to further delineate the difficulty encountered, whether ventilation was difficult, and what steps were taken to successfully secure the airway. I would then discuss potential intubation plans with the patient, including the performance of an awake, fiberoptic intubation. 

For this patient: Airway: Mallampati II, micrognathia, poor dentition, limited mouth opening, full range of cervical motion

3) What monitors would you require for this case?

Given my concerns about providing adequate cerebral perfusion pressure while avoiding potentially damaging hypertension, I would place an arterial line prior to induction in addition to the standard ASA monitors (spO2, EKG, Temp, NIBP, ETCo2). This would allow me to more accurately monitor hemodynamic changes during induction and intubation. One could consider placement of a central venous line after induction for administration of vasoactive agents and assessment of fluid status, but it is not necessary. SSEP or EEG monitoring may prove helpful in identifying cerebral ischemia and guiding perioperative management, especially during temporary clip placement or in the event of vasospasm. Of note, there is no best monitor to evaluate cerebral function. Several monitors exist, but none of them have been consistently shown to improve outcome including: EEG, SSEP, transcranial Doppler, cerebral oximetery, jugular venous O2 saturation, and stump pressures. Finally, a Foley catheter would be useful to guide fluid management. 

4) What would you do if you inadvertently cannulated the carotid artery on the right? Would you cancel the case? Is there any advantage to a subclavian approach?

If I inadvertently cannulated either carotid artery, I would cancel the case and consult a vascular surgeon. Pulling the cannula from the artery would lead to bleeding and hematoma formation in the neck potentially leading to decreased cerebral venous return, decreased cerebral perfusion, and even airway compromise in this patient with possibly elevated ICP and a known difficult airway. 

A subclavian approach theoretically avoids the risk of damaging the internal jugular vein or internal carotid artery, with subsequent obstruction of cerebral venous return and/or cerebral perfusion. However, placing a central line using the subclavian approach is technically more difficult and is association with a higher risk of pneumothorax. 

5) What is the patient’s clinical neurologic grade according to Hunt-Hess classification?

The Hunt and Hess classification is used to grade the severity of non-traumatic subarachnoid hemorrhage and predicts mortality or major morbidity. Because the aneurysm is unruptured, this patient is a Hunt Hess 0, which corresponds to 0-2% incidence of mortality or major morbidity. 
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6) What other labs would you order prior to induction?

Along with a CBC, I would type and cross this patient, due to the risk of aneurysm rupture. Given the potential for electrolyte abnormalities and alterations in endocrine function, I would order a blood sugar and electrolyte panel. With the patient’s EKG exhibiting left ventricular hypertrophy and ST changes, combined with a history of myocardial infarction and chronic hypertension, I would consider an echocardiogram to further evaluate cardiac function and identifying signs of myocardial ischemia, such as wall motion abnormalities. 

7) What are the normal values of cerebral blood flow?

Total cerebral blood flow (CBF) in adults is about 50 mL/100 mg.

8) What are the determinants of cerebral blood flow?

The two determinants of cerebral blood flow are PaCO2 and PaO2. PaCO2 produces corresponding directional changes in CBF. CBF changes 1 mL/100g/min for every 1 mmHg change in CO2 from 40 mmHg. An increase of CO2 from 40 to 80 mmHg doubles CBF, while a decrease to 20 halves it. Above and below those levels the CBF response plateaus. For PaO2, there is no significant change in CBF until a threshold of 50 mmHg is hit.

9) What is meant by cerebral autoregulation? How does chronic hypertension affect this curve?

CBF remains constant between MAP 50-150 mmHg. This is termed cerebral autoregulation. Chronic hypertension shifts the autoregulatory curve to the right such that higher mean arterial pressures are tolerated before CBF becomes pressure-dependent.

10) How does this patient’s history of hypertension affect your anesthetic preparation?

Hypertension is a multi-system disease; it is important to know what organ systems are affect in this patient. Neuro: hypertension shifts the cerebral autoregulatory curve to the right. I would avoid lowering the BP to more than 20% from baseline. I would also avoid lowering BP significantly so as to not compromise cerebral perfusion pressure. Cardiac: prolonged hypertension leads to left ventricular hypertrophy and increased myocardial workload. Conversely, even mild hypotension in this patient may have severe consequences because it may impair supply to already diseased myocardium. Renal: hypertension can be a cause of renal failure; thus I would obtain a BUN/Cr to assess renal function.

Intraoperative Management:

1) What are your concerns for induction of anesthesia?

Given his cerebral aneurysm, CAD, and chronic hypertension, my goal for induction would be to safely secure his airway while maintain cerebral and cardiac perfusion, and avoiding increases in transmural pressure that might result in rupture of the aneurysm. Transmural pressure = CPP = MAP-ICP. 

2) How would you induce anesthesia in this patient?

Given this patient’s cerebral aneurysm, CAD, chronic hypertension, and known difficult airway, my goals for induction would be to safely secure the airway while, at the same time, maintaining cerebral and cardiac perfusion, and avoiding increases in transmural pressure (mean arterial pressure minus intracranial pressure) that might result in rupture of the aneurysm. Therefore, I would get difficult airway equipment in the room, optimize the patient’s volume status, ensure adequate beta blockade, provide minimal sedation, anesthetize the airway with blocks and topical anesthetic, administer intravenous lidocaine (being aware of toxicity limits), and perform an awake fiberoptic intubation. Following placement of an endotracheal tube, I would perform a slow controlled induction with fentanyl and propofol, administer a non-depolarizing muscle relaxant, and ensure a deep plane of anesthesia prior to insertion of the head pins to avoid a hypertensive response. 

3) The surgeon asks you to lower the blood pressure prior to clip placement. Do you agree with this management decision?

Deliberate hypotension may help to reduce transmural pressure and reduce the risk of aneurysm rupture during placement of the clip. However, it also results in a global decrease in cerebral perfusion pressure, which may further contribute to ischemia. This concern is supported by evidence suggesting that even limited periods of controlled hypotension results in worsened outcomes (poorer degree of recovery) and increased incidence and severity of vasospasm. Moreover, given this patient’s chronic hypertension and history of CAD, deliberate hypotension may place the patient at unacceptable risk of cardiac ischemia. 

4) How low will you allow the blood pressure to go?

Due to his CAD, I would only allow MAP to decrease about 10-20mmHg, while carefully monitoring for signs of cardiac ischemia. I would also avoid conditions that may contribute to cerebral and/or cardiac ischemia, such as hyperthermia, hyperglycemia, anemia, and hypoxemia. 

5) The surgeon decides to go ahead and place a temporary clip on the anterior cerebral artery. Does this alter your management?

Yes, placing a temporary clip on a feeding vessel results in decreased focal blood flow through the aneurysm, obviating the need for deliberate hypotension. Temporary clip application cuts off blood supply to a region of the brain and induces temporary ischemia. Longer duration of temporary clipping is known to cause permanent neurologic injury in some patients. During temporary occlusion, the MAP should be maintained at higher than normal pressure to support collateral flow of blood. 

6) Is there anything you could do to provide protection while the clip was in place? What about hypothermia? Why or why not?

Intraoperative Hypothermia for Aneurysm Surgery Trial (IHAST) suggest no benefit to pharmacologic neuroprotection or hypothermia in patients having temporary clipping of short duration (<10 min). There is insufficient data to determine whether either therapy is beneficial in patients having longer temporary clip duration (>10 min),or undergoing adenosine arrest. The IHAST trial demonstrated that therapeutic hypothermia was safe in patients undergoing aneurysm surgery (craniotomy) but resulted in no improvement in neurologic outcome. Close communication with neurophysiologic monitoring team is paramount (EEG, SSEPs) for early detection of ischemia and to guide blood pressure management. 

7) You notice ST changes on the EKG. What do you think? What would you do?

EKG changes, including ST-segment depression, often occur in the presence of subarachnoid hemorrhage and have not been shown to increase morbidity or mortality. These changes are concerning, however, because they suggest that a previously unruptured aneurysm is now bleeding or, given this patient’s cardiac history, the patient is experiencing myocardial ischemia. In response, I would look at the surgical field and ask the surgeon about potential rupture; continue to observe the EKG, arterial line, and pulse-oximeter; ensure adequate ventilation with 100% oxygen; assess hemodynamic status; and order a troponin-I level.

8) The surgeon confirms that the aneurysm has ruptured. What would you do? Would you raise or lower the BP?

I would call for help and inform my attending. If the bleeding were not excessive and patient was hemodynamically stable, I would provide maximal neuroprotection by placing the patient on 100% O2 and blousing propofol. I would also induce mild hypotension to facilitate quick repair. If there was massive hemorrhage, I would suggest temporary clipping of the vessels proximal and distal to the aneurysm and prepare for aggressive resuscitation with fluids and blood products. I would avoid deliberate hypotension and neuro-protective agents that would not likely be tolerated in the setting of massive blood loss. If the surgeon was unable to control the bleeding despite these measures, I would talk to the surgeon about the benefits of CP bypass or circ arrest.

9) The surgeon places a clip on the anterior cerebral artery to get control of the bleeding and the posterior tibial to vertex SSEPs disappear. Is this concerning? 

Yes, the loss of SSEPs may be indicative of focal ischemia secondary to placement of the clip. If the bleeding was controlled, I would correct any hypoxemia, hypotension, hypovolemia, and anemia to optimize oxygen delivery. I would also make sure that the depth of anesthesia had remained stable and was not interfering with evoked potential readings. I would also consider elevating the MAP to improve collateral circulation to the surrounding brain. 

10) Despite all efforts, the aneurysm continues to bleed briskly and SSEP have disappeared. Surgeon asks you to “stop the heart for a second” so that he can control the bleeding. What is he talking about?

You can push adenosine to facilitate rapid clipping of aneurysm by inducing transient asystole. Guinn et al. examined the records of patients who underwent craniotomy for cerebral aneurysm clipping in which adenosine was used to induce transient asystole to facilitate clip ligation. Duration of adenosine-induced bradycardia (HR<40) and hypotension (SBP<60) recorded on the anesthesia record and outcome data including incidence of successful clipping, intraoperative and postoperative complications, and mortality were recorded. Satisfactory aneurysm decompression was achieved in all cases, and all aneurysms were clipped successfully. The median dose of intravenous adenosine resulting in bradycardia greater than 30 seconds was 30 mg. One case of prolonged hypotension after rapid redosing of adenosine required brief closed chest compressions before circulation was spontaneously restored. No other adverse events were observed. 

Postoperative Management: 

1) Are you going to extubate this patient at the end of this case? What are your extubation criteria?

Given that his cerebral aneurysm ruptured intraoperatively, it is likely that he will remain obtunded with increased ICP and cerebral edema. Additionally, mechanical ventilation may be required to manage elevated ICP postoperatively. 

If however, his aneurysm had not ruptured, cerebral injury from surgical dissection had been minimal, and he met extubation criteria, it would be reasonable to attempt extubation. My extubation criteria would include: an awake patient with intact airway reflexes, adequate muscle relaxant reversal to demonstrate appropriate tidal volumes, adequate oxygenation, normocarbia, and stable hemodynamics.

2) On post-op day #2, the patient has become minimally responsive to painful stimuli. The nurse says that he was responsive to verbal stimuli just a few hours ago. Are you concerned?

I am concerned, because a sudden change in mental status could indicate a rapidly progressing problem such as vasospasm, hematoma formation, hydrocephalus, seizure, or increasing cerebral edema. Therefore, I would evaluate the patient, ensure a secure airway and adequate ventilation, optimize the patient’s hemodynamics, ensure adequate pain control, obtain an urgent neurology consult, and consider imaging to aid in diagnosis.

3) What do you think is going on?

My primary concern is postoperative vasospasm which is the number one cause of morbidity and mortality associated with cerebral aneurysms. Increased ICP, hematoma formation, pneumocephalus, hydrocephalus, seizure, or metabolic derangements are also possible causes of his changing mental status.

4) How can you determine if this is cerebral vasospasm? Is transcranial doppler indicated? Angiography? Which would you order?

Given my concern that this may be cerebral vasospasm, I would utilize angiography or a transcranial Doppler to determine if cerebral vasospasm were occurring. Angiography would have the advantage of being more specific and showing the extent and severity of vasospasm.

5) Cerebral angiogram reveals diffuse vasospasm. How will you treat this patient?

If there is concern about the patient protecting their airway, I would intubate the patient. Next, I would begin the only part of “triple H” therapy that is still used, hypertension. The goal is to improve delivery of blood to ischemic areas with impaired autoregulation by increasing perfusion pressure. I would also consider discussing with the surgeon the efficacy of using transluminal angioplasty to dilate major constricted cerebral vessels.

6) What is neurogenic pulmonary edema?

Neurogenic pulmonary edema may occur after any form of injury to the central nervous system, usually developing within minutes to hours following CNS injury. The mechanism is not well understood, but both hemodynamic (cardiogenic) and nonhemodynamic (noncardiogenic) components contribute to edema formation. A massive sympathetic surge generated by the injured CNS results in generalized vasoconstriction and a redistribution of blood volume to the pulmonary circulation. It remains uncertain whether the subsequent capillary leak is produced by pressure-induced mechanical injury from elevated capillary hydrostatic pressure, or because of some direct nervous system control of pulmonary capillary permeability.

7) Assuming this was neurogenic pulmonary edema, what would you do to treat this condition?

Treatment is primarily aimed at addressing the underlying neurological condition. For mild cases, in which gas exchange is minimally impaired, I may just increase the patient’s FiO2. However, in a case such as this one, where the patient is developing significant hypoxemia, I would: (1) treat the underlying cause of CNS injury; (2) attempt to reduce intracranial pressure; (3) mechanically ventilate with low tidal volumes (6 mL/kg); (4) provide PEEP to prevent atelectasis and improve gas exchange, being careful to avoid excessively high intrathoracic pressures that could lead to decreased cerebral venous return, increased ICP, and decreased cerebral perfusion; (5) consider administering diuretics to reduce capillary hydrostatic pressure and increase colloid osmotic pressure.

8) On post-op day #3, the serum sodium is 125 mEq/L. What is your differential? 

Hyponatremia would be consistent with cerebral salt wasting syndrome (CSWS) and syndrome of inappropriate antidiuretic hormone (SIADH), both of which are often associated with brain injury, including cerebral aneurysm. The two disorders may be differentiated by the volume status of the patient, since CSWS is usually associated with hypovolemia, while patients with SIADH are usually euvolemic. In addition, patients with SIADH exhibit elevated ADH levels and rarely develop urine sodium levels >100 mEq/L, while patients with CSWS usually have normal ADH levels and often develop urine sodium levels >100 mEq/L. The distinction is important because the water restriction and diuresis often employed to treat SIADH would serve to exacerbate the hypovolemia associated with CSWS and, in this patient, contribute to vasospasm. The treatment for CSWS, on the other hand, would entail fluid and sodium replacement.
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