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Stem Case and Key Questions Content 
You are working late when one of your emergency room (ER) colleagues calls for assistance with an 
intubation in the ER. He reports it has been a while since he intubated and just wants you to stand 
there and “be his back-up in case of trouble.” 
 
What concerns or thoughts do you have as you walk to the ER? Do you bring any equipment? Do you 
have any concerns about a potential difficult airway? Is the ER physician’s request a reasonable one? 
Would anybody perform the intubation himself/herself? 
 
When you arrive in the ER you find a 4-year-old Hmong autistic child that mom brought into the ER 
because he was found unresponsive in daycare and they thought he might have had a seizure. In the 
ER he was noted to have periodic breathing during the initial exam and when the ER physician 
returned he was apneic and cyanotic. You note that the ER is bag-mask ventilating and you step in to 
place the endotracheal tube (ETT). When you place the ETT you note pink frothy fluid coming from 
the tube. After confirming the ETT placement with breath sounds and a CXR, you are dismissed by 
the ER attending. 
 
What would be in your differential diagnosis for the patient’s apnea, loss of consciousness, and pink 
frothy fluid from the lungs? 
 
The following day you are on call. It is the weekend and you are just completing a case in the 
operating room when you get an emergency call from the neurointerventional radiology (IR) fellow 
from the adult hospital. He informs you that he has a case to post for cerebral aneurysm coiling in a 4-
year-old with an acute cerebral aneurysm bleed. They would like to perform the procedure in their 
own facility and would like you to transfer the patient to the adult hospital. 
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What additional information would you like? What logistic concerns do you have regarding transferring 
a pediatric patient to an adult hospital while under your care? 
 
The IR fellow informs you that they just learned of this patient and he is “quite ill”. The patient 
presented yesterday evening to your children’s hospital and was emergently intubated for apnea and 
loss of consciousness. (Your patient from the previous evening.) From the ER he was transferred to 
the pediatric intensive care unit (PICU) to evaluate and treat his flash pulmonary edema. He was also 
loaded with fosphenytoin for the suspected seizure. The patient quickly decompensated after arrival in 
the PICU and required 0.3 mcg/kg/min of epinephrine to maintain reasonable perfusion pressures. 
 
What additional work-up would you expect to have been completed? What additional information 
would you like to know about the patient? 
 
An emergency bedside echocardiogram was performed and the patient was noted to have a 
structurally normal heart with moderately dilated left ventricular (LV) cavity, moderately diminished LV 
function, LV ejection fraction of 42%, mildly diminished right ventricle (RV) systolic function, and a 
tricuspid valve peak regurgitant jet of 32 mmHg. 
 
The patient’s pulmonary hypertension was responsive to inhaled nitric oxide (iNO) of 10 ppm and the 
flash pulmonary edema improved. 
 
How can a cerebral aneurysm hemorrhage present? Is this patient’s presentation common? What are 
the goals for medical treatment? How does iNO treat pulmonary hypertension? Why would some of 
the other medications used to treat pulmonary hypertension not be ideal in this patient? 
 
The PICU worked through the night to stabilize the patient. In the morning the patient was stable 
enough for the trip down to the CT (computer tomography) scanner to evaluate his previous loss of 
consciousness and possible seizure. A CT angiogram noted 6x4x5 mm irregular focal aneurysm 
arising from the proximal right PICA just beyond the point of origin with extravasation of dye. After 
initially consulting neurosurgery, it was determined that treatment by the interventional radiology team 
was the most appropriate next course of action. 
 
What is the etiology of a cerebral aneurysm? How is a cerebral aneurysm treated surgically? Treated 
by interventional radiology? 
 
Your children’s hospital also has a bi-plane interventional radiology suite capable of performing 
cerebral aneurysm coiling. When you ask if they can perform the procedure instead at the children’s 
hospital, they inform you that while they are capable of doing the procedure at Children’s, they would 
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prefer to do it in their own suite. They are more comfortable in their IR suite, have all the equipment 
needed there, and in case of an emergency their techs are used to the procedure. 
 
Your patient remains intubated, sedated, on 0.3 mcg/kg/min of epinephrine and on inhaled nitric 
oxide. How comfortable do you feel moving this patient to the adult hospital? What other 
considerations about logistics do you have? (Electronic charting? Access to blood gases? Transfusing 
blood? Access to medication infusions? Comfort level of adult personnel with pediatric patients?) 
Would you take additional staff with you? Do you have any additional concerns about this patient? Do 
the limited resources on the weekend factor into your decision? 
 
After a lengthy discussion, the safety of the patient and a concern for transporting such a long 
distance wins out over the IR physicians’ comfort in their own IR suite. They agree to bring their 
equipment to the Children’s IR suite. 
 
How would you perform the anesthetic? What monitors would you use? What are your goals for the 
anesthetic with regard to the cerebral aneurysm? Would you bring any specific medications or 
infusion? Do you have to prepare differently because it is a remote location or the weekend? Do you 
have blood in the IR suite? 
 
The case proceeds uneventfully. You choose to continue the Epinephrine infusion and nitric oxide as 
well as rocuronium, fentanyl, and midazolam infusions from the PICU and bolus fentanyl for any 
additional procedural stimulation. 
 
What if during the coiling, the blood pressure acutely increases, the heart rate decreases, and the 
oxygenation saturation decreases? What would be in your differential diagnosis? Is embolization of 
the coils possible? How would you treat an acute rupture of the aneurysm? 
 
 
Model Discussion Content 
Review the etiology of cerebral aneurysms and the variable presentations of a ruptured cerebral 
aneurysm. 
 
Cerebral aneurysms are thought to occur secondary to chronic hemodynamic stress at branch points 
of arteries. Risk factors for adults include hypertension, obesity, high cholesterol, diabetes, alcohol 
abuse, contraceptive use, and smoking. These risk factors are often absent in children. In children, 
there may be conditions in which there is an improper spontaneous self-repair of a vessel wall, vessel 
wall matrix disorders, and systemic or genetic diseases.(2) Many pediatric patients may have an 
underlying genetic condition that predisposes them to aneurysm formation. Conditions associated with 
pediatric aneurysm formation include polycystic kidney disease, fibromuscular dysplasia, Ehlers-
Danlos syndrome, Klippel-Trenaunay syndrome, tuberous sclerosis, Moyamoya syndrome, hereditary 



 
 

 

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 4 

 

hemorrhagic telangiectasia, pseudoxanthoma elasticum, Neurofibromatosis Type1(2), or Marfan 
syndrome. Other etiologies include trauma, infection, or inflammation. There is a higher incidence of 
traumatic aneurysm in children than adults, which accounts for 5 to 40% of all pediatric aneurysms. (1) 
The type and location of cerebral aneurysm differs in children than from adults. Only 0.5-4.6% of all 
cerebral aneurysms occur in patients less than 18 years of age. In general, boys are more likely than 
girls to suffer from an aneurysm but, after puberty, women are 3 to 5 times more likely than men.(1) 
Saccular or berry aneurysms have a saccular appearance and are more common in adult patients. 
Dissecting aneurysms have a fusiform appearance with areas of narrowing either before or after the 
aneurysm. Children have a higher number of fusiform aneurysms, giant size (>25mm) aneurysms, 
and de novo formation aneurysms. Dissecting aneurysms are most common in the first 5 years of 
age, whereas saccular aneurysms are more common in children older than 6 years. Dissecting 
aneurysms can lead to cerebral mass effect, hemorrhage, or ischemia.(1) Giant aneurysms are about 
4 times more common in children than in adults. Aneurysms of the anterior cerebral artery (including 
the anterior communicating artery) occur 34% of the time in the adult population but only 5-10% in 
children. Middle cerebral artery aneurysms occur at similar rates in both adults and children. 
Aneurysms of the posterior circulation are more common in children (25% of pediatric aneurysms) 
whereas only 8% of adults present with this type of aneurysm.(1) 

 
The etiology of most pediatric aneurysms is unknown and the underlying cause is found in less than 
50% of cases(3). Traumatic aneurysms account for about 5% to 40% of all pediatric aneurysms. 
Infectious aneurysms account for 5% to 15% in the pediatric population and are most commonly 
bacterial in origin.(1) Hemorrhage occurs early with infectious aneurysms and is usually the result of a 
septic embolic shower (2). Most pediatric aneurysms, despite this large variety of etiologies (i.e. 
trauma, infection, dissection), are symptomatic. The symptoms often relate to mass effect and include 
headaches, neurological deficits, and/or seizures. In neonates, subarachnoid hemorrhage secondary 
to an aneurysm is rare. In children ages 2-5 and children older than 15 years, subarachnoid 
hemorrhage is the most common presentation of the aneurysm. Between ages 5 and 15, the 
incidence of subarachnoid hemorrhage is only about 45%.(1,2) Seizures and strokes are uncommon 
and occur in less than 10% of cases (3). Children most commonly present with a neurologic deficit, 
which may or may not include infarction (45%), followed by headaches (33%). (3) 

 
An unusual presentation of a ruptured intracranial aneurysm is neurogenic pulmonary edema. 
Neurogenic pulmonary edema is a clinical syndrome characterized by the acute onset of pulmonary 
edema following a significant central nervous system insult. Neurologic conditions that cause abrupt, 
rapid, and extreme elevation in ICP are at the highest risk of neurogenic pulmonary edema and can 
occur from subarachnoid hemorrhage, spinal cord injury, traumatic brain injury, intracranial 
hemorrhage, status epilepticus, meningitis, and subdural hemorrhage. The abrupt increase in ICP that 
occurs in these conditions leads to neuronal compression, ischemia, or damage that causes the 
activation of the sympathetic nervous system and the release of catecholamines. This surge of 
catecholamines is thought to be the precipitating factor in neurogenic pulmonary edema as the 
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catecholamines induce direct myocyte injury thus causing left ventricular failure and pulmonary 
edema. It is also postulated that this surge of catecholamines can affect the pulmonary vascular bed 
directly causing isolated pulmonary vasoconstriction and changes to the integrity of the pulmonary 
endothelium causing capillary leak, which may be responsible for the formation of pulmonary 
edema.(7) 

 
Review the treatment of cerebral aneurysms. 
 
For a pediatric patient with suspected subarachnoid hemorrhage, the diagnosis begins with a non-
contrast CT scan of the head. If the study is normal but there is a strong clinical suspicion, then a 
lumbar puncture (LP) should be performed. If the LP demonstrates xanthochromia or blood, additional 
imaging including a CT angiogram or MRI angiogram should be performed. (1) 

 
The goal of cerebral aneurysm treatment is to achieve alleviation of the acute symptoms and also 
protect patients from a future bleed. The treatment modality also depends on the location, vascular 
anatomy, and aneurysm shape. The available treatment options include open cranial surgery, an 
endovascular approach, or conservative medical management.(3) Currently, most practitioners lean 
towards an endovascular approach. Options include simple coiling with or without adjuvant techniques 
such as balloon remodeling or stent placement. Surgical treatment includes direct clipping, clip 
reconstruction, and aneurysm trapping with or without bypass procedures.(1) Conservative treatment is 
reserved for some of the dissecting aneurysms that can be treated with anticoagulation and for 
aneurysms of infectious etiology that are treated with antibiotics. (3) Conservative management is 
sometimes chosen when no good treatment option exists or for children in grave clinical condition. (3) 
Review and discuss the anesthetic goals when treating a cerebral aneurysm and how those goals 
change when the aneurysm ruptures. 
 
There is increased vulnerability to aneurysm rupture during the intraoperative period, which poses 
various challenges for the surgeons, neurointerventionalists, and anesthesiologists involved in the 
case. However, there is little data to guide the perioperative management of aneurysms. Hypertension 
is the most important risk factor for the formation of cerebral aneurysms, as well as aneurysm rupture. 
Patients with poorly controlled or labile blood pressure are generally considered to be at the highest 
risk of rupture, which can be precipitated by sudden fluctuations in blood pressure or decreases in 
ICP. Rarely, induction of anesthesia can precipitate aneurysm rupture (1-2% incidence) and is 
associated with a high mortality rate of 75%. Rupture may be secondary to complicated intubations 
with an associated sympathetic surge from airway manipulation. Re-bleeding can also simply coincide 
with induction. Hypertensive episodes (which may lead to rupture) can also occur during patient 
positioning, skull pin fixation, local anesthetic infiltration, skin incision, periosteal dissection, and dural 
opening. Extubation can increase the risk for aneurysm rupture or re-bleed as well. (6) 

 
In patients with an aneurysm and elevated ICP, any sudden decrease in ICP will increase the 
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transmural pressure gradient across the aneurysm and lead to aneurysm rupture. Decreased ICP 
may result from rapid mannitol administration or from hyperventilation prior to dural opening. Rapid 
CSF drainage via lumbar drains or ventriculostomy could also lead to intraoperative aneurysm rupture 
from a sudden decrease in ICP. Valsalva and PEEP also affect the transmural pressure and should 
be cautiously used. (6) 

 
Detection of intraoperative rupture can be challenging. During a stable anesthetic, a gradual 
unexplained increase in blood pressure along with a sudden decrease in heart rate is a common 
manifestation of rupture in both clipping and coiling procedures. A suddenly raised ICP can cause 
acute herniation with signs including a fixed and dilated pupil, severe hemodynamic changes including 
arrhythmias, and ischemic changes on neurophysiologic monitoring (which may include EEG, SSEP, 
MEP, BAEP).(6) 

 
If rupture occurs in a closed skull, a sudden increase in ICP occurs which jeopardizes cerebral 
perfusion and can result in ischemia and irreversible neuronal injury. In an open procedure, aneurysm 
rupture mainly occurs after dural opening during the surgical dissection or during clip placement. In 
these cases the dura may better accommodate the swelling that subsequently occurs. 
 
Management goals after aneurysm rupture include rapid ICP reduction as well as neuroprotective 
strategies. ICP reduction may be accomplished with IV anesthetics including Propofol, hypothermia, 
and hyperventilation. Intravenous anesthetics may be an optimal choice as they reduce cerebral 
metabolism and modestly reduce ICP. Hyperventilation is a potent therapy for a quick reduction in ICP 
although hyperventilation-induced vasoconstriction may worsen ischemia. A short period of moderate 
to severe hyperventilation may be a reasonable rescue measure. Hemodynamic goals are poorly 
defined although a 20% reduction in blood pressure from baseline is commonly advocated to improve 
surgical visualization. Reductions in blood pressure can lead to reduced cerebral perfusion and 
therefore worsen cerebral ischemia, so prompt surgical intervention is the key factor in determining 
outcome. At the time of intraoperative rupture, volatile agents may be used but their use during 
embolization is not recommended as they can increase cerebral blood volume (ICP) and worsen 
cerebral ischemia. (6) 

 
Blood pressure reduction to Mean Arterial Pressures (MAP) around 50mmHg has been advocated in 
the literature as it allows for improved surgical exposure as well as a soft aneurysm neck that is more 
easily clipped. This MAP goal is questionable as a means for reducing arterial bleeding and may have 
a detrimental effect of cerebral perfusion pressure and cerebral ischemia. Patients with a ruptured 
aneurysm have impaired cerebral autoregulation, so the maintenance of normotension may be 
appropriate. Normovolemia, euglycemia, and electrolyte balances are also important factors to 
consider. (6) 

 
Hypothermia suppresses an increase in cerebral metabolism as well as basal metabolic rate and 
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exerts neuroprotective effects in cerebral ischemia. Studies have suggested that mild hypothermia 
(32-35 degrees) in good grade patients (Hunt and Hess scores 1-2 (see below)) does not cause harm 
but is not routinely recommended. There is insufficient data for poor grade patients (Hunt and Hess 
scores 3-5). 
 
The Hunt and Hess scoring system is described below. (6) 

 
Hunt and Hess Score (adapted from Schatlo et al): 
1. Asymptomatic, mild headache, slight nuchal rigidity 
2. Moderate to severe headache, nuchal rigidity, no neurological deficit other than cranial nerve palsy 
3. Drowsiness/confusion, mild focal neurological deficit 
4. Stupor, moderate-severe hemiparesis 
5. Coma, decerebrate posturing 
 
Review the pathology of pulmonary hypertension and it's intraoperative treatment strategies and 
goals. 
 
Pulmonary hypertension is rare in pediatric patients compared to the adult population. The disease is 
characterized by progressive pulmonary vascular structural and functional changes resulting in 
increased pulmonary vascular resistance. This increased pulmonary vascular resistance can 
eventually lead to right heart failure and death. (4) 

 
According to Ivy et al, the absolute pulmonary artery pressure decreases after birth reaching levels 
that are comparable to adult values within the first two months of life. After 3 months of age, 
pulmonary hypertension is present when the mean pulmonary pressure is greater than 25 mmHg in 
the presence of an equal distribution of blood flow to all segments of both lungs. The etiology of 
pulmonary hypertension in children is quite different than in adults and is predominantly due to 
idiopathic pulmonary arterial hypertension, heritable pulmonary arterial hypertension, or pulmonary 
arterial hypertension associated with congenital heart disease. Pulmonary hypertension can also 
occur with pulmonary disease. Bronchopulmonary dysplasia is reported as the most common chronic 
lung disease associated with pulmonary hypertension. (5) 

 
Intraoperative management includes optimizing the patient’s hemodynamic, acid-base, oxygenation, 
and ventilation status. The most important requirement for intraoperative management and 
maintenance of anesthesia is to avoid anything that could increase right ventricular afterload or 
decrease contractility as it can lead to ischemia and right-sided heart failure. Hypoxia is one of the 
strongest inducers of pulmonary vasoconstriction so intraoperative FiO2 should be sufficient to 
minimize the risk of hypoxic episodes. Studies do not demonstrate if low tidal volume ventilation offers 
benefits but avoiding over-inflation in order to keep peak pressures as low as possible has been 
advised (6-8 ml/kg IBW). Acidosis and hypercapnea may also aggravate pulmonary hypertension. 
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Moderate hyperventilation with a target PaCO2 30-35 mmHg should be carried out while monitoring 
arterial blood gas samples without allowing the pH to fall below 7.4. (9) Intraoperative management 
should ensure that the depth of anesthesia and analgesia is always sufficient since stress and pain 
can contribute to pulmonary vasoconstriction. Temperature regulation is important as hypothermia 
and shivering can increase pulmonary pressures. A method of treating elevations in pulmonary 
pressure with selective pulmonary vasodilation by inhalation should be available intraoperatively as 
well as the option of invasive hemodynamic monitoring. Postoperatively, patients should be monitored 
continuously and receive a sufficient amount of analgesics. (9) 

 
Inhaled nitric oxide (iNO) is used commonly in the acute management of pulmonary hypertension in 
the ICU and intraoperative settings. It diffuses rapidly across the alveolar-capillary membrane and 
induces vasodilation through a cyclic guanosine monophosphate (cGMP) dependent pathway. Inhaled 
nitric oxide has not been used in the long-term management of pulmonary hypertension given its risk 
of metabolites, short half-life, and complicated delivery system. (4) 

 
In the acute setting, one of the main benefits of nitric oxide is the localized vasodilation of the 
pulmonary vasculature that it produces without concurrent systemic vasodilation and hypotension. 
Milrinone and other IV vasodilators may be used to treat pulmonary hypertension, but they also 
produce systemic vasodilation. In the case presented, maintaining the patient’s blood pressure and 
cerebral perfusion pressure is of upmost importance thus making inhaled nitric oxide the preferred 
choice of pulmonary vasodilator. 
 
Discuss the limitations to performing an anesthetic in "Out of OR" locations such as Interventional 
Radiology. 
 
Performing an anesthetic in “Out of OR” locations presents a challenge to the anesthesiologist. This 
particular case occurred on the weekend with its associated limited staff and resources. Other 
concerns include the ability to have access to the hospital pharmacy to get medications and certain 
drips necessary for the case. Transporting and maintaining a patient on nitric oxide presents a 
challenge. The management requires a respiratory therapist present to help transport the patient as 
well as to set it up in the operating room. Also of concern in this case is the access to the blood bank 
for urgent or emergent blood product requirements. 
 
In our case, the interventional radiologist preferred to perform the procedure at the adult hospital. It 
makes sense from his standpoint to perform the procedure with the staffing and equipment that he is 
most comfortable using. For a patient as complicated as the one presented, transporting and 
performing an anesthetic in the adult hospital poses additional risk to the patient. Therefore, the first 
question one must ask as this patient’s anesthesiologist is “Is this patient safe to transport the 
proposed distance?” If the answer is no, then the surgeon will have to accommodate and bring any 
additional staff and supplies necessary from the outside hospital. 
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Additional questions the anesthesiologist must address include: Are pediatric drips available for the 
patient at the new location? Is the patient’s type and cross transferable to the other hospital? Would 
we even have access to the blood bank there? Also, does the electronic record from the children’s 
hospital cross over to the adult hospital? The anesthesiologist taking care of the patient would also 
need to be comfortable performing an anesthetic at a different hospital. He or she may not know 
where emergency equipment is and if it is appropriate for a pediatric patient or how to contact 
personnel including anesthesia techs in an emergency situation. 
 
It is also important to understand the intraoperative concerns regarding an anesthetic in an “Out of 
OR” location such as interventional radiology. During cerebral angiography, the patient is placed on a 
moving table and the interventionalist positions the patient to track catheters as they pass from the 
groin into the cerebral arteries. It is important to remember that all infusion lines, monitors, and the 
anesthesia circuit need the appropriate length and extensions to prevent them from accidentally 
becoming dislodged as the radiologist moves the table back and forth. It is also important to consider 
any radiopaque equipment such as EKG leads or metallic coils in certain endotracheal tube cuffs as 
they may cause artifact and interfere with the neuroradiologist’s visualization. (10) The IR suite, with the 
biplane and a small patient, can make it challenging to bring in the necessary equipment required to 
safely anesthetize an unstable/ill child. 
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