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CARDIOVASCULAR MONITORING AND COMPLICATIONS
Jesse Corry and Andrew Naidech
CLINICAL CASE
A 47 year-old Nepalese male without known past medical history was visiting family when he
was found in bed the morning of hospital admission with global aphasia and right sided hemiparesis.
Based on time last seen normal, he was not a candidate for either IA or IV therapies. Admission CTA
demonstrated an occluded left ICA, and stroke in the corresponding left ACA and MCA distributions.
Workup to this point demonstrates an LDL of 127 mg/dL, HbA1c of 8.9%, transthoracic
echocardiogram showed mild concentric left ventricular hypertrophy, an ejection fraction of 60%,
and a large patent foramen ovale. Lower and upper extremity Doppler ultrasound did not show
thrombus. Post admission day 2 he became progressively lethargic and developed anisocoria. CT
demonstrated increasing midline shift and swelling. The patient was temporized with mannitol and
taken for urgent hemicraniectomy. The case was uneventful and he was extubated the following
morning. His exam post-extubation was notable for facial swelling, mimicking behavior, and right
hemiplegia. At the start of physician rounds on post-admission day 4, he was pale, hypotensive with
SBP 85 mmHg, and tachycardic. The patient was minimally responsive and poorly protected his
airway. He was bolused with 1 L NS, intubated, cardiac and coagulation profiles were sent, he was
pan-cultured, and a stat ECG and bedside echo were obtained. The ECG showed diffuse T wave
inversions and a prolonged QT interval. The echocardiogram demonstrated diffuse ventricular
hypokinesis. Troponin levels were >80 ng/mL. Cardiology was consulted, the risks of heparin
discussed, and the patient was rushed to the cardiac catheterization laboratory. Coronary
angiography demonstrated that the coronary vessels were free of any obstruction or spasm.
Meanwhile, It was learned that the patient had become quite agitated and hypertensive overnight,
with MAPs >140 mmHg. The patient’s sedation was aggressively managed, blood pressure and
cardiac index responded to IV fluids and minimal norepinephrine, and the following morning he is
again extubated. Over the next two days the patient is weaned off hemodynamic support, the
cardiac index returns to normal, and bedside echocardiogram demonstrated resolving wall motion
abnormalities.
MYOCARDIAL INFARCTION AND UNSTABLE CORONARY SYNDROMES
Epidemiology
Acute chest pain with paraclinical markers of cardiopulmonary injury presents a wide differential diagnosis that the neurointensivist must frequently confront (Table 19-1). Coronary artery disease (CAD) is the
most common cause of death in the developed world. Unstable angina (UA) and non ST-segment elevation
myocardial infarction (NSTEMI) occur in about 1.3 million people in the US yearly. ST segment elevation MI
(STEMI) occurs in about 400,000 people in the US yearly. For comparison, there are about 750,000 strokes
yearly. Risk factors include a history of acute coronary syndrome (ACS), peripheral vascular disease, and/or
stroke, age, male sex, diabetes, hypertension, smoking tobacco, and recent cocaine use [1].
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Clinical Features
ACS is divided into STEMI, NSTEMI, and UA, with STEMI and NSTEMI demonstrating changes in biomarkers of myocyte damage [2]. STEMI is defined by new ST elevation in two anatomically
contiguous leads of > 0.1mV (1mm) (Table 19-2) [3]. A new left bundle branch block (LBBB) (any
LBBB not previously documented should be considered new) should be regarded as ischemic until
proved otherwise. Early on, NSTEMI and UA are often indistinguishable. ECG findings may
demonstrate a new horizontal or down-sloping ST depres-sion > 0.05 mV (0.5mm) in two
anatomically contiguous leads and/or T wave inversion > 0.1mV (1mm) in two anatomically
continuous leads. These changes will persist in NSTEMI unlike UA, however. Regardless of type,
ACS should always be managed in collaboration with a cardiologist.
Diagnosis of ACS
The likelihood of CAD may be calculated from the medical history and presentation. One-third of myocardial infarctions may be clinically silent or without chest pain[4]. A high likelihood is indicated by any
of the following:
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•
•
•
•
•
•

accelerating symptoms in the preceding 48 hours
prolonged (>20 minutes) of chest pain at rest
findings of congestive heart failure on the physical examination such as pulmonary rales or a
new third heart sound
transient ST-segment changes at least 0.5 mm or new (or presumed new) bundle-branch block
cardiac troponin I > 0.1 ng/mL or similar biomarker
age > 75 years

An intermediate likelihood is indicated by the absence of high risk features and
• age > 70 years
• a known history of CAD or cerebrovascular disease
• slightly elevated cardiac biomarkers
• baseline ECG abnormalities
• angina at rest, now resolved
Patients at intermediate likelihood of CAD usually require further diagnostic evaluation to make a determination of ACS or CAD. There is typically a low likelihood of CAD or ACS with atypical symptoms, a
normal ECG and no laboratory evidence of myocardial necrosis. Such patients may have a subsequent
medical evaluation on an inpatient or outpatient basis, depending on the clinical situation.

Biomarkers. Troponins increase 2-3 hours after MI onset in 80% of patients [5]. Most centers use
contemporary troponin (cTnI or TnI). A highly sensitive TnI (hsTnI) has recently become available.
HsTnI is better in detecting myocardial ischemia if performed in patients with chest pain of <2 hours
duration, or with very low TnI concentrations. Overall, acute MI may be confidently excluded (99+%
NPV) within 3 hours of presentation, and perhaps even at presentation for those with undetectable
hsTnI [6]. However, reperfusion therapy should not be delayed while waiting for biomarker results
[7].
Treatment of ACS
Initial management focuses on rapid triage, a history focused on antecedent events, risk factors, and
thrombolytic contraindications (i.e. history of ICH, intracranial malignancy, AVM, TBI within previous 3
months (Figure 19-1). If contraindications exist, nitrates and beta blockade may need to be held. This
is of particular concern with an inferior wall MI, where nitrates may precipitate hypotension.
Specific high risk groups. Elderly patients benefit from more intensive strategies because of their
higher risk for poor outcomes and death. Elderly patient have a higher risk of intracerebral hemorrhage
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(ICH) from fibrinolytic therapy [8]. Patients with diabetes have a higher mortality with ACS than
patients without diabetes, and generally benefit from an early invasive strategy and platelet GPIIb/IIIa
inhibition. In critically ill patients who are likely to spend more than 3 days in the hospital, intensive
glycemic control with insulin should be considered [9]. Patients with a vascular event while on aspirin
have higher rates of subsequent vascular events. This is similar to the increased risk of subsequent
stroke in patients who have the index event while taking aspirin [10]. Patients with cocaine intoxication
should be treated with oral or intravenous nitroglycerin and calcium channel blockers for ST segment
depression or chest pain. Benzodiazepines should be used early and often. Because of the risk of
unopposed alpha-adrenergic effect, beta-blockade may increase the risk of coronary vasoconstriction.
Despite a theoretical advantage, studies have demonstrated no clinical advantage with labetalol [11].
Coronary intervention should be considered if these measures are insufficient.
Platelet therapy. Aspirin irreversibly acetylates platelets, reducing their function. It reduces the mortality of UA/NSTEMI by more than half, making this a very cost-effective therapy. All doses of 75 mg
and above are associated with similar benefit. Ibuprofen and other anti-inflammatory drugs competitively inhibit the same receptor and may reduce aspirin’s effectiveness if given at the same time
[12]. Therefore, patients who take anti-inflammatory drugs should allow a few hours between doses
to ensure aspirin has the desired anti-platelet effect. Non-steroidal anti-inflammatory drugs should
be discontinued when patients present with UA/NSTEMI. Clopidogrel is activated in vivo to its active
metabolite. This compound acts at the platelet’s surface, irreversibly blocking the P2Y12 portion of
the ADP receptor. This prevents GPIIb/IIIa receptor activation, decreasing platelet aggregation. In patients with NSTEMI combined aspirin plus clopidogrel therapy reduced vascular endpoints more than
aspirin alone [13], but not in a broad population at risk for vascular events [14]. Patients who have
a conservative management strategy should receive a loading dose of clopidogrel (typically four 75
mg tablets, 300 mg) followed by daily administration. Patients who have a history of gastrointestinal
bleeding should receive acid suppressant therapy (such a proton-pump inhibitor) with combination
anti-platelet therapy. Patients with coronary stents and high platelet activity despite clopidogrel therapy have a higher rate of vascular events, indicating that platelet activity, not just taking the mediation,
may be important [15].
Ticagrelor and prasugrel are newer agents indicated for use in ACS and with PCI. In patients treated
with PCI, ticagrelor can be loaded at 180 mg or prasugrel loaded at 60 mg. However prasugrel has a
number of contraindications including prior stroke or TIA. Relative contraindications include age > 75
years or older and weight less than 60 kg. For patients at high risk of bleeding, clopidogrel 300 to 600
mg (600 mg is the dose preferred) is preferred to ticagrelor or prasugrel [16].
Glycoprotein IIb/IIIa inhibitors are very potent at blocking platelet aggregation, and their effect is most
pronounced in patients undergoing percutaneous coronary intervention (PCI), such as angioplasty
[17].
Anticoagulation should be added as soon as possible. Unfractionated heparin reduces event rates in
patients with ACS. Most clinical investigations have found that low-molecular weight heparins lead to
better outcomes than unfractionated heparin [18]. Recent adverse events and deaths tied to adulterated heparins may accentuate this benefit. Fondaparinux may have a lower risk of bleeding and is a
reasonable alternative, although there are fewer data available than for heparin and enoxaparin [19].
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Figure 19-1. Initial Management of Acute Coronary Syndrome
Beta-blockers (e.g. metoprolol) decrease the mortality in ACS, and should be prescribed to all such
patients unless there are strong contra-indications such as symptomatic bradycardia, severe heart
block or severe reactive airways disease. When beta-blockers are contra-indicated calcium channel
blockers such as diltiazem and verapamil are alternatives.
ACE-inhibitors are associated with reduced mortality, especially in patients with a reduced ejection
fraction and heart failure. When these cannot be given (e.g. hypersensitivity, pulmonary edema,
and angioedema of the tongue) angiotensin receptor blockers should be considered.
HMG-CoA reductase inhibitors (“statins”) should be given as soon as possible and reduce mortality. Recently, the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines released its new guidelines for statin therapy in atherosclerotic cardiovascular disease
(ASCVD)[75]. ASCVD includes coronary artery disease, stroke, and peripheral arterial disease. The
task-force identified 4 groups who most benefited from statin therapy: first, individuals with clinical
ASCVD; second, individuals with primary elevations of LDL–C ≥190 mg/dL; third, individuals 40 to 75
years of age with diabetes with LDL-C 70-189 mg/dL; and fourth, individuals without clinical ASCVD or
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diabetes who are 40 to 75 years of age with LDL-C 70-189 mg/dL and an estimated 10-year ASCVD risk
of 7.5% or higher [75]. Figure 19-2 outlines the statin treatment algorithm. Table 19-3 provides statin
options based upon need. For patients without clinical ASCVD, well calibrated and verified risk calculators can be found at http://my.americanheart.org/cvriskcalculator -or- http://www.cardiosource.
org/science-and-quality/practice-guidelines-and-quality-standards/2013-prevention-guideline-tools.
aspx [76]. Of note for neurointensivists is the increasing risk of intracerebral hemorrhage with very
low LDL and high-dose atorvastatin [20]. Of note, patients on statin therapy who receive intravenous
thrombolysis for stroke do demonstrate increased risk for symptomatic intracerebral hemorrhage,
directly correlating with dose [77]. However, stating use was associated with greater likelihood of
achieving a modified Rankin Score of 0-2 at 3 months than was non-use. In statin naive patients, initiating statin therapy during hospitalization is not associated with and increased risk of intracerebral
hemorrhage [78]. Overall, patients benefit from high-dose statin therapy because there is a greater
reduction in the risk of coronary events and ischemic stroke. Based on the PROVEIT-TIMI 22 and MIRACL trials, 80 mg of atorvastatin should be started as soon as possible [21, 22].

Potassium should be targeted to > 4 meq/L and magnesium ideally > 2 mg/dL[23].
Nitrates have a coronary vasodilatory effect and provide symptomatic relief. Oxygen should be given
and hypoxemia strictly avoided with supplementary oxygen.
Percutaneous coronary intervention
Percutaneous coronary intervention (PCI) is a life-saving procedure for patients with STEMI
and myocardial ischemia in the hands of experienced operators. Intervention is indicated for:
• refractory chest pain
• hemodynamic instability
• electrical instability
• stabilized patients with an elevated risk for cardiovascular events
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Primary PCI is recommended for STEMI should be performed within 90 minutes by experienced operators.
The benefits of reperfusion depend on the time to reperfusion [24]. Mortality is decreased by 50% when
myocardial reperfusion is restored within an hour, but unchanged when reperfusion is delayed by 12 hours.
UA and NSTMI Management. Fibrinolytic therapy is of no benefit in these conditions [2]. Patients
with NSTMI who develop hemodynamic instability, heart failure, recurrent or persistent angina at
rest, new or worsening mitral regurgitation or ventricular-septal defect, or sustained ventricular
arrhythmias should be referred for immediate angiography and revascularization. The Thrombolysis in Myocardial Infarction or TIMI risk score helps guide decisions for conservative vs. invasive
treatments (Table 19-4) [25]. Patients with high or intermediate risk benefit from early invasive
management defined by PCI within 4-48 hours and revascularization with angioplasty or coronary
artery bypass grafting (CABG) [21]. Revascularization choice is a function of the location and extent
of disease. CABG is the preferred treatment in patients with left main, or 2-3 vessel disease involving the left anterior descending artery with left ventricular dysfunction or treated diabetes [26].

Fibrinolytic therapy. Coronary artery reperfusion with fibrinolytic therapy, when given in a timely
manner, improves outcomes compared to no reperfusion therapy in patients STEMI [27]. If the patient is within 12 hours from onset, and no contraindications to fibrinolytic therapy exist, and PCI is not
available within an appropriate window (90 minutes or less for patients transported to PCI-capable
hospital or 120 minutes or less for patients who are transported first to a non-PCI capable hospital
then taken to a PCI capable hospital) then fibrinolysis is recommended. In patients between 12 to 24
hours, if PCI is not available and symptoms persist, fibrinolysis should be pursued. Fibrinolytic therapy
should be initiated within 30 minutes of STEMI diagnosis. The choice of fibrinolytic agent should be in
favor of a fibrin-specific agent (Table 19-5). Patients receiving fibrinolytics benefit from pre-intervention clopidogrel but not from glycoprotein IIb/IIIa inhibition [28]. Anticoagulation with heparin should
be given to patients who undergo fibrinolysis with alteplase, reteplase, and tenecteplase. Low-molecular weight heparins also seem to be effective for this indication.
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Complications of fibrinolytic therapy. Fibrinolytic therapy carries the risks of re-occlusion of the vessel
and distant hemorrhage. GI hemorrhage can be severe but can usually be treated with reversal of anticoagulation and packed red blood cell transfusion. ICH is a devastating complication in approximately
1% of treated patients, and is related to dose, previous cerebral infarction, amyloid angiopathy, structural vascular lesions and higher blood pressure [8].

Figure 19-2. Recommendations for Statin Therapy
AORTIC DISSECTION
Often described as a tearing sensation in the anterior chest, or as sharp, posterior back pain, an aortic
dissection may clinically mimic ACS. Horner’s syndrome from interruption of sympathetic nerve fibers
may be seen. The Stanford and DeBakey systems are used to classify this disease (Table 19-6). Risk factors for spontaneous aortic dissection are similar to those for ACS, but trauma and sudden deceleration (in a restrained head-on motor vehicle collision) may lead to a traumatic dissection. The diagnosis
may be made non-invasively with CT angiography of the chest, transesophageal echocardiography, or
angiography (aortic catheterization may be precluded by a false lumen).
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Management is largely based on type, with medical management focusing on blood pressure and left
ventricle contractile force reduction [29]. Regardless of type, early consultation with a cardiothoracic
surgeon for definitive repair is mandatory. Type A dissections are a surgical emergency, with 72% of cases
being managed surgically [30]. Type B dissections typically focus on medical management with only 20%
typically being managed surgically. Surgical management becomes more likely if the dissection progresses to include end-organ ischemia or hemorrhage. Recently the INSTEAD Trial investigated the effect of
aortic stent-grafting in uncomplicated type B dissections on 2 year outcome [31]. While underpowered
to answer questions on mortality, the authors found no difference in medical vs. stent-graft treated arms.
Targets for medical intervention are SBP <100-120, with beta-blockade and vasodilators as tolerated.
ARRHYTHMIAS
Patients may presents with a variety of symptoms of variable severity. Quintessential is the immediate evaluation of stability and possible need for ACLS guided interventions. Causes of rhythm disturbance may be
“primary” or intrinsic to the heart, or “secondary” as the result of reversible conditions manifesting as rhythm
disturbances. When classifying disturbed rhythms, it is helpful to identify if they are tachycardic or bradycardic, narrow (QRS <120 ms) or wide (QRS >120 ms), and regular or irregular (Tables 19-7, 19-8, and 19-9).
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Ventricular tachycardia (VT) and ventricular fibrillation (VF) are common soon after MI and ACS. VT
after > 48 hours after ACS is a poor prognostic sign and may imply recurrent ischemia. Monomorphic
VT is often from scar tissue, while polymorphic VT is more likely because of recurrent ischemia, abnormal electrolytes or medical therapy. Cardiac anti-arrhythmic medications do indeed suppress VT,
but are associated with a higher rate of sudden cardiac death, and are not recommended. An arrhythmia with a depressed ejection fraction should prompt consideration of a pacemaker or defibrillator.
Amiodarone and/or lidocaine should be considered if correcting electrolyte abnormalities does not
lead to resolution of the arrhythmia.
Narrow tachycardias often reflect activation of the ventricles through a normal His-Purkinje system,
thus suggesting the arrhythmia starts at or above the AV node. A tachycardia with QRS > 120 ms is
found when the activation occurs outside the normal conduction system.

Bradycardia (heart rate < 60 beats/min) may be due to ischemia of cardiac conduction tissue, pharmacologic beta blockade, irritated vagal receptors or increased vagal tone. Heart block with inferior MI is
usually transient with a stable escape rhythm, while heart block with an anterior MI usually indicates
severe ischemic disease and requires an implantable pacemaker.
Tachycardia (heart rate > 100 beats/min) is commonly from atrial fibrillation and supraventricular tachy-
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cardias. Beta-blockers are preferred for rate control. Amiodarone is generally preferred if this is insufficient. See the separate section on tachyarrhythmias for further management of these conditions.
STRESS RELATED CARIOMYOPATHY AND “TAKO-TSUBO” CARDIOMYOPATHY
A catecholamine surge accompanies acute SAH, but may also occur in patients who use cocaine and
after severe emotional stress [32]. Tako-Tsubo Cardiomyopathy (TTC) and stress related cardiomyopathy
(SRC) are terms used to describe a spectrum of diseases with common physiologic and imaging findings.
They will be used interchangeably here [33]. Investigations into the cause of stress related cardiomyopathy vs. Killip class III myocardial infarction suggest a central etiology to this process [34]. Cardiac
contractility initially increases, then decreases approximately 24 – 48 hours later. Catecholamines induce
calcium overload and elevations of oxidative free-radicals in cardiomyocytes [35]. Histology demonstrates contraction band necrosis, neutrophil infiltration, and myocardial fibrosis suggesting elevations
of myocardial calcium [36]. Serum levels of dihydroxyphenylalanine, dihydroxyphenylglycol, and dihydroxyphenylacetic acid among patients with stress related cardiomyopathy are markedly increased
compared to those with MI [35]. This suggests enhanced catecholamine synthesis, neuronal reuptake,
and neuronal metabolism. Further, epinephrine and norepinephrine levels are elevated in SRC. Plasma
levels of neuropeptide Y, which is stored with catecholamines in postganglionic sympathetic nerves and
released during stress, are markedly increased among these patients too, suggesting a central process.
Stress related cardiomyopathy demonstrates regional wall motion abnormalities (RWMA) not specific
to a coronary distribution and without accompanying CAD [36, 37]. In the case of TTC, a set of diagnostic criteria has been proposed and include transient LV wall motion abnormalities involving the
apical and/or mid-ventricular myocardial segments with wall motion abnormalities extending beyond
a single epicardial coronary artery distribution, absence of obstructive epicardial coronary artery disease that could be responsible for the observed wall motion abnormality, ECG abnormalities, such
as transient ST-segment elevation and/or diffuse T-wave inversion associated with a slight troponin
elevation, and the lack of proven pheochromocytoma and myocarditis [38]. Common findings on
ECG include QT interval prolongation, ST segment elevation, and T-wave inversions. These are often
found in the setting of minimally increased troponin concentration in serum. Cardiac troponin I levels
typically peak within 3 days, with elevations of 0.5 – 10 mcg/L predictive of vasospasm, cardiovascular
complications, cerebral infarction and death in subarachnoid hemorrhage [39].
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When looking at all-comers with TTC, near complete LV recovery is common [40]. However, while
recovery is common, death related to non-cardiac causes is common in this population [41]. In a
prospectively followed cohort of SAH patients, partial or full recovery of LV function occurred in 66%
of patients [42]. The presence of regional wall motion abnormalities (RWMA) was not associated
with increased in-hospital mortality when compared to patients without ventricular dysfunction. A
retrospective review of a prospectively collected database found LV dysfunction in 11% of patients
in a sample of 481 patients with SAH [40]. The presence of LV dysfunction was associated with cerebral infarction, hypotension, and pulmonary edema, but not with modified Rankin Scale score at
day 14. This suggests aggressive neurocritical care confers a protective benefit to this population.
What specifically helps is uncertain. Some studies have suggested beta-blockade may be of benefit
[43]. A recent trial looking at intraoperative beta-blockade in SAH showed it lowered markers of
brain injury [44]. However, a large study investigating the effects of early beta-blockade on outcome
is lacking.
The development of delayed cerebral ischemia or vasospasm in SAH in the presence of neurogenic stunned myocardium presents a management dilemma. The combination of TTC and pulmonary
edema often is found in patients with high grade SAH and a posterior circulation aneurysm location
[72]. Whereas commonly diuresis may be used in treating pulmonary edema, in SAH this practice is
not advised. Patients with markers of hypovolemia are at higher risk for the development of delayed
cerebral ischemia [73]. While blood pressure can be initially elevated with vasopressors, these are
pharmacologic catecholamines and will often lead to a vicious cycle of increased afterload, worse
left ventricular performance, and hypotension requiring more vasopressors. If the ejection fraction
is depressed, one can improve left ventricular performance with dobutamine or milrinone, but these
may also lead to hypotension because of their vasodilatory effect[45]. Use of an intra-aortic balloon
counter pulsation pump to treat delayed cerebral ischemia has been reported with good results [74].
Patients with vasospasm and an elevated cardiac troponin may be better treated with intra-arterial
vasodilators. The syndrome usually resolves spontaneously by 10 – 14 days, but re-challenging with
vasopressors may lead to an increase in cardiac troponin and left ventricular failure.
PULMONARY EDEMA
Pulmonary edema may have different causes in the neuro-ICU compared to medical or surgical
ICUs. Causes of pulmonary edema include:
•
•
•
•
•

Severe left ventricular dysfunction leading to pulmonary edema from an inability to move
liquid from the lungs into the arterial circulation
Mitral regurgitation, whereby blood in the left ventricular is ejected partially into the arterial
circulation, and party into the low-pressure pulmonary circulation
Neurogenic pulmonary edema, the pathophysiology of which is not entirely clear. Some component is leaking capillaries in the lungs, but this often co-exists with neurogenic stunned
myocardium and is accompanied by an elevated cardiac troponin measurement.
Volume overload, especially from hypervolemic therapy in patients with SAH
Acute lung injury or the acute respiratory distress syndrome from volutrauma/barotrauma,
sepsis, pneumonia, abdominal processes, etc.
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The treatment of pulmonary edema depends on the underlying etiology and the effectiveness of its
treatment. Neurogenic pulmonary edema usually resolves in 10 – 14 days, but typically much sooner. If oxygenation is acceptable, pulmonary edema may be tolerated for the sake of other goals (e.g.
blood pressure augmentation).
PULMONARY EMBOLISM
Pulmonary embolism (PE) is a common preventable cause of increased length of stay, respiratory distress and poor outcome. Major risk factors for PE including prolonged immobility, enforced bed rest,
paresis of a limb and hypercoagulable states are common in neurologically critically ill patients. Acute
pulmonary embolism (PE) carries a 30% mortality when not treated promptly [46].
The diagnosis of PE is often nebulous. Commonly the findings are non-specific. Physical exam findings
of deep venous thrombosis (new extremity edema, redness or tenderness) may also be seen. The
mainstay of diagnosis has become CT angiography of the chest with visualization of large vessels [47].
Among the most concerning complications of PE are increased right ventricular (RV) strain and impaired
gas exchange. Typically findings on the blood gas are decreased arterial oxygenation with increased alveolar-arterial oxygen gradient [48]. As blood flow is shunted from the obstructed pulmonary arteries to
better ventilated alveoli, the ventilation-perfusion mismatch will increase. Hyperventilation may lead to
a respiratory alkalosis. However, as dead space increases, hypercapnia may develop.
Therapy for PE is based upon the severity of the underlying thromboembolism. In the resuscitation
phase, hemodynamic support requires judicious use of fluids as RV failure, RV ischemia, and leftward
septal shift can be precipitated by excessive volume [49]. Vasopressors and inotropes for hemodynamic support should be administered early [49]. However, no randomized trials have definitively
demonstrated the optimal vasopressor or inotrope for patients with shock related to PE.
Though lacking definitive evidence, in massive PE, unless contraindicated by bleeding risk, thrombolytic therapy is recommended [50]. Patients with an intracranial neoplasm, stroke or intracranial surgery
or traumatic brain injury within the previous 2 months, a history of cerebral hemorrhage, and uncontrolled hypertension are contraindicated to receive thrombolysis [51]. A meta-analysis of randomized
trials comparing heparin to thrombolysis suggests thrombolysis reduces mortality and recurrence of
thromboembolism [52]. Patients receiving thrombolytic therapy demonstrate both short and longterm improvements in pulmonary artery blood pressure and RV function [53]. Thrombolysis should
be reserved for patients with persistent hypotension of a systolic BP < 90mmHg [51]. Tissue plasminogen activator should be given at a dose of 100mg over 2 hours and heparin should be administered
following the tPA infusion shortly thereafter [50, 51].
In cases with stable blood pressure but hypoxemia, larger ventilation/perfusion mismatch, RV dysfunction, free-floating thrombus, or extensive embolic burden, the role of thrombolysis is less certain
[54]. The recently reported Moderate Pulmonary Embolism Treated with Thrombolysis (MOPETT) trial reported while no significant difference in death or recurrent PE with half the standard thrombolytic
dose. However, thrombolysis was associated with significant reductions in pulmonary artery pressure
and lower rates of pulmonary hypertension [55].
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In patients who are stable with a submassive PE, anticoagulation is the recommended therapy [56].
Anticoagulation with unfractionated heparin or therapeutic doses of low-molecular weight heparin,
followed by warfarin for at least 3 months. The intensity of anticoagulation, however, often must be
tempered by a risk of potential CNS hemorrhage. Some authorities avoid the use of low-molecular
weight heparins because these agents are not completely reversible with sodium protamine in the
event of bleeding, or start unfractionated heparin without the usual bolus at the initiation of therapy.
(Neither of these approaches has been validated in clinical trials.) For patients with PE or deep venous
thrombosis, inferior vena cava filters are often placed. Such devices reduce the risk of subsequent PE
(when combined with anticoagulation), but may not reduce mortality and have a substantial risk of a
post-phlebitic syndrome [57].
HYPERTENSIVE URGENCY AND EMERGENCY
Severe hypertension may be the cause or the effect of acute neurologic illness, especially cerebral
hemorrhage. Hypertensive urgency means end-organ damage may be imminent, while an emergency
implies end-organ damage is in progress.
Severe hypertension (usually systolic blood pressure > 200 mm Hg) may overwhelm cerebral autoregulation, leading to hypertensive encephalopathy (now referred to as the posterior reversible encephalopathy syndrome, or PRES). Other causes include cocaine use, renal artery stenosis (leading to a high
renin state), pheochromocytoma, and hyperaldosteronism.
The usual treatment is to lower the blood pressure by 25% or back to the patient’s baseline, whichever
is a less dramatic change from presentation, and follow the patient’s clinical course. A more aggressive
goal may be mandated by end-organ damage (encephalopathy, ACS, etc.). A rapidly effective, easily
titratable agent is ideal. Intravenous calcium channel blockers and labetalol are most commonly used,
followed by repeated doses of non-titratable IV medications (e.g. enalaprilat). Nitrates and vasodilators (e.g. hydralazine) are effective for lowering blood pressure, but they are used less commonly in
Neuro-ICUs because cerebral vasodilatation may lead to increased intracranial pressure.
CARDIOVASCULAR MONITORS
A number of cardiovascular monitors are present in the neurocritical care environment, ranging from
telemetry and pulse-oximetry, arterial line transduction, pulmonary-artery catheterization (PAC),
bio-impedance, and dilution techniques. It cannot be overstated however, that much of the data
for the use of these devices is extrapolated from non-neurological disease processes. The building
blocks of more complicated formulas are stroke volume (amount of blood ejected with each heart
beat), cardiac output (stroke volume times number of beats per minute), and body surface area
(used to correct for body size).
The classic monitoring is PAC. PAC calculates cardiac output using the Fick principle. Briefly, the Fick
principle states oxygen consumption must be equal to the difference of arterial and venous oxygen
concentrations multiplied by blood flow. This methodology loses efficacy when the FiO2 is > 60%. Enthusiasm for PAC use has waned since the results of the ESCAPE trial were published [58]. Performed
between 2000 and 2003, this trial evaluated the use of PAC for patients with advanced heart failure.
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The use of PAC increased adverse events, and did not affect overall mortality or length of hospitalization [58]. Some authorities feel that after several prospective, randomized clinical trials showing no
benefit from pulmonary catheter placement this intervention is no longer justified because of the
potential risks of arrhythmia and pulmonary artery hemorrhage [58]. Instead others feel that PAC can
still be valuable for titrating vasoactive therapy and assessing the response to treatment in the appropriate setting.
Dilutional techniques, via lithium or thermal measurements, have provided another, less invasive
means of monitoring. These technologies use modifications in the Stewart-Hamilton equation to calculate cardiac output. Using the systolic portion of the arterial pressure waveform, the dilutional
data and waveform data are calibrated to increase accuracy. Particularly with thermal dilution, this
technology becomes more variable in the non-ventilated patient were respiratory cycle variation may
affect measurements. Further, right-to-left intracardiac shunts and/or pulmonary and tricuspid valve
regurgitation may cause falsely high readings of cardiac output. Comparisons of PAC to thermodilution techniques have demonstrated good correlation in cardiac patients [59, 60].
Use of PiCCO (Phillips), which combines pulse contour analysis with intermittent thermodilution measurement via the transpulmonary method, has been demonstrated effective in predicting volume responsiveness and mitigating pulmonary edema in the SAH population [61,62]. However, larger trials
are needed before this or similar technology can be endorsed for the management of SAH or other
neurocritical care diseases. Lithium dilution techniques have the advantage of allowing for peripheral
injection of lithium and requiring a radial arterial line. This technique has been found to provide accurate measurement of CO in critically ill patients [63].
The more important question is how to interpret the numbers, and how to use them for treatment
decisions (if at all). As an assessment of fluid responsiveness, central venous pressure (CVP) has been
used. However, the relationship between CVP and hemodynamic response to fluid challenge or between CVP and blood volume is poor [64]. Employing arterial waveform analysis, FloTrac (Edwards
Lifesciences Corp, Irvine, CA, USA) attempts to provide information on vascular resistance and cardiac
output. Unfortunately, particularly for patients on vasopressors such as norepinephrine, this technique may be unreliable [65].
PERICARDIAL EFFUSION AND TAMPONADE
Pericardial effusions most often occur as a result of viral, autoimmune, traumatic, post-operative, or
malignant causes. Acute cardiac tamponade is life threatening if not acutely treated. Exam findings
suggestive of cardiac tamponade include sinus tachycardia, elevated jugular venous pressure, a pericardial rub on auscultation, and pulsus paradoxus or a >10mmHg reduction in systolic blood pressure
with inspiration. Hypotension is common. Patients suspected of having a cardiac tamponade should
be studied with an ECG, chest X-ray, and echocardiogram. ECG findings typically show low voltage
and/or an electrical alternans pattern. Low voltage may be specific to cardiac tamponade and not
effusion [66]. Chest radiography may demonstrate cardiomegaly, but not typically until a volume >
200mL of pericardial fluid is present [67]. Echocardiography is crucial in assessing pericardial effusions
and cardiac tamponade [68].
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Treatment of cardiac tamponade focuses on removal of the offending fluid and supportive care.
When the etiology of tamponade is thought to be the result of cardiac rupture or aortic dissection, emergent surgery in necessary. Rapid recovery of both systemic and cardiac hemodynamics
will follow [69]. Fluid may be removed via catheter pericardiocentesis, open surgical drainage, or
thoracoscopic pericardiectomy. Fluid recovered from such procedures should be examined for the
underlying etiology. Follow-up echocardiography is recommended to ensure recurrence has not
occurred.
Supportive care with volume in the form of saline or blood products may help stabilize the patient
until definitive care can be delivered [70]. The utility of inotropic agents, while theoretically plausible, in practice is uncertain [70]. When possible, efforts to avoid mechanical ventilation should be
made to prevent further reductions in preload [71]. When patients are hemodynamically stable and
a pericardial effusion is present, urgent drainage may not be needed. Investigation of the etiology
and treatment focused on the underlying cause may preclude need for surgical or percutaneous
drainage.
REFERENCES
1.

Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB. Prediction of coronary heart disease using risk factor categories. Circulation. 1998; 97:1837-47.

2.

Anderson JL, Adams CD, Antman EM, Bridges CR, Califf RM, Casey DE Jr, et al. ACC/AHA 2007
guidelines for the management of patients with unstable angina/non-ST-Elevation myocardial
infarction: a report of the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. 2007; 50:e1-e157.

3.

Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, et al; Joint ESC/ACCF/
AHA/WHF Task Force for the Universal Definition of Myocardial Infarction. Third universal definition of myocardial infarction. Circulation. 2012; 126:2020-35.

4.

Canto J, Shlipak M, Rogers W, et al.: Prevalence, clinical characteristics, and mortality among
patients with myocaridal infarction presenting without chest pain. JAMA. 2000;283:3223-3229

5.

Macrae AR, Kavsak PA, Lustig V, et al. Assessing the requirement for the 6-hour interval between specimens in the American Heart Association Classification of Myocardial Infarction in
Epidemiology and Clinical Research Studies. Clin Chem. 2006; 52:812-8.

6.

Keller T, Zeller T, Ojeda F, et al. Serial changes in highly sensitive troponin I assay and early diagnosis of myocardial infarction. JAMA. 2011; 306:2684-93.

7.

Antman EM, Hand M, Armstrong PW, et al. Focused Update of the ACC/AHA 2004 Guidelines
for the Management of Patients With ST-Elevation Myocardial Infarction: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines: developed in collaboration With the Canadian Cardiovascular Society. Circulation. 2008; 117:296329.

445

Chapter 19: Cardiovascular Monitoring and Complications

8.

Sloan M, Price T, Petito C, et al.: Clinical features and pathogenesis of intracerebral hemorrhage after rt-PA and heparin therapy for acute myocardial infarction: the Thrombolysis in
Myocardial Infarction (TIMI) II Pilot and Randomized Clinical Trial combined experience. Neurology 1995;45:649-658.

9.

Van den Berghe G, Wilmer A, Hermans G, et al.: Intensive insulin therapy in the medical ICU.
New Engl J Med. 2006;354:449-461.

10.

Mohr J, Thompson J, Lazar R, et al.: A comparison of warfarin and aspirin for the prevention of
recurrent ischemic stroke. New Engl J Med 2001;345:1444-1451.

11.

McCord J, Jneid H, Hollander JE, et al. American Heart Association Acute Cardiac Care Committee of the Council on Clinical Cardiology. Management of cocaine-associated chest pain
and myocardial infarction: a scientific statement from the American Heart Association Acute
Cardiac Care Committee of the Council on Clinical Cardiology. Circulation. 2008;117:1897-907.

12.

Catella-Lawson F, Reilly M, Kapoor S, et al.: Cyclooxygenase inhibitors and the antiplatelet effects of aspirin. New Engl J Med. 2001;345:1809-1817.

13.

Yusuf S, Zhao F, Mehta S, et al.: Effects of clopidogrel in addition to aspirin in patients with
acute coronary syndromes without ST-segment elevation. New Engl J Med. 2001;345:494-502.

14.

Bhatt D, Fox K, Hacke W, et al.: Clopidogrel and aspirin versus aspirin alone for the prevention
of atherothrombotic events. New Engl J Med. 2006;354:1706-1717.

15.

Breet NJ, van Werkum JW, Bouman HJ, et al.: Comparison of platelet function tests in predicting clinical outcome in patients undergoing coronary stent implantation. JAMA 2010;303:754762.

16.

Wouter Jukema J, Collet JP, De Luca L. Antiplatelet therapy in patients with ST-elevation myocardial infarction undergoing myocardial revascularisation: beyond clopidogrel. Curr Med Res
Opin. 2012; 28:203-11.

17.

Kandzari DE, Hasselblad V, Tcheng JE, et al.: Improved clinical outcomes with abciximab therapy in acute myocardial infarction: a systematic overview of randomized clinical trials. Amer
Heart J. 2004;147:457-462.

18.

Wong G, Giugliano R, Antman EM: Use of low-molecular-weight heparins in the management of acute coronary artery syndromes and percutaneous coronary intervention. JAMA.
2003;289:331-342.

19.

Yusuf S, Mehta S, Chrolavicius S, et al.: Effects of fondaparinux on mortality and reinfarction in
patients with acute ST-segment elevation myocardial infarction: the OASIS-6 randomized trial.
JAMA. 2006;295:1519-1530.

20.

Goldstein L, Amarenco P, Szarek M, et al.: Hemorrhagic stroke in the Stroke Prevention by Aggressive Reduction in Cholesterol Levels study. Neurology. 2008;70:2364-2370.

Neurocritical Care Society

446

21.

Cannon CP, Weintraub WS, Demopoulos LA, et al. TACTICS (Treat Angina with Aggrastat and
Determine Cost of Therapy with an Invasive or Conservative Strategy)--Thrombolysis in Myocardial Infarction 18 Investigators. Comparison of early invasive and conservative strategies
in patients with unstable coronary syndromes treated with the glycoprotein IIb/IIIa inhibitor
tirofiban. N Engl J Med. 2001; 344:1879-87.

22.

Schwartz GG, Olsson AG, Ezekowitz MD, et al. Myocardial Ischemia Reduction with Aggressive
Cholesterol Lowering (MIRACL) Study Investigators. Effects of atorvastatin on early recurrent
ischemic events in acute coronary syndromes: the MIRACL study: a randomized controlled trial. JAMA. 2001; 285:1711-8.

23.

Goyal A, Spertus JA, Gosch K, et al. Serum potassium levels and mortality in acute myocardial
infarction. JAMA. 2012;307:157-64.

24.

Nallamothu BK, Bates ER: Percutaneous coronary intervention versus fibrinolytic therapy in
acute myocardial infarction: is timing (almost) everything? Am J Cardiol. 2003;82:824-826.

25.

Antman EM, Cohen M, Bernink PJ, et al. The TIMI risk score for unstable angina/non-ST elevation
MI: A method for prognostication and therapeutic decision making. JAMA. 2000; 284:835-42.

26.

Eagle KA, Guyton RA, Davidoff R, et al. American College of Cardiology; American Heart Association. ACC/AHA 2004 guideline update for coronary artery bypass graft surgery: a report of the
American College of Cardiology/American Heart Association Task Force on Practice Guidelines
(Committee to Update the 1999 Guidelines for Coronary Artery Bypass Graft Surgery). Circulation. 2004;110:e340-437.

27.

O’Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA guideline for the management of
ST-elevation myocardial infarction: executive summary: a report of the American College of
Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. Circulation. 2013;127:529-55.

28.

Goodman SG, Menon V, Cannon CP, Steg G, Ohman EM, Harrington RA; American College of
Chest Physicians. Acute ST-segment elevation myocardial infarction: American College of Chest
Physicians Evidence-Based Clinical Practice Guidelines (8th Edition). Chest. 2008;133:708S-775S.

29.

Erbel R, Alfonso F, Boileau C, et al. Task Force on Aortic Dissection, European Society of ardiology. Diagnosis and management of aortic dissection. Eur Heart J. 2001;22:1642-81.

30.

Hagan PG, Nienaber CA, Isselbacher EM, et al. The International Registry of Acute Aortic Dissection (IRAD): new insights into an old disease. JAMA. 2000;283:897-903.

31.

Nienaber CA, Rousseau H, Eggebrecht H, et al. INSTEAD Trial. Randomized comparison of strategies for type B aortic dissection: the INvestigation of STEnt Grafts in Aortic Dissection (INSTEAD) trial. Circulation. 2009;120:2519-28.

32.

Tung P, Kopelnik A, Banki N, et al.: Predictors of neurocardiogenic injury after subarachnoid
hemorrhage. Stroke. 2004;35:548-551.

447

Chapter 19: Cardiovascular Monitoring and Complications

33.

Richard C. Stress-related cardiomyopathies. Ann Intensive Care. 2011;1:39.

34.

Wittstein IS, Thiemann DR, Lima JA, et al. Neurohumoral features of myocardial stunning due
to sudden emotional stress. N Engl J Med. 2005;352:539-48.

35.

Bolli R, Marbán E. Molecular and cellular mechanisms of myocardial stunning. Physiol Rev.
1999;79:609-34.

36.

Samuels MA. The brain-heart connection. Circulation. 2007;116:77-84.

37.

Akashi YJ, Goldstein DS, Barbaro G, Ueyama T. Takotsubo cardiomyopathy: a new form of acute,
reversible heart failure. Circulation. 2008;118:2754-62.

38.

Bybee KA, Prasad A. Stress-related cardiomyopathy syndromes. Circulation. 2008; 118:397409.

39.

Naidech AM, Kreiter KT, Janjua N, et al.: Cardiac troponin elevation, cardiovascular morbidity,
and outcome after subarachnoid hemorrhage. Circulation. 2005;112:2851-2856.

40.

Parodi G, Bellandi B, Del Pace S, et al. Tuscany Registry of Tako-Tsubo Cardiomyopathy. Natural
history of tako-tsubo cardiomyopathy. Chest. 2011;139:887-92.

41.

Sharkey SW, Windenburg DC, Lesser JR, et al. Natural history and expansive clinical profile of
stress (tako-tsubo) cardiomyopathy. J Am Coll Cardiol. 2010;55:333-41.

42.

Banki N, Kopelnik A, Tung P, et al. Prospective analysis of prevalence, distribution, and rate of
recovery of left ventricular systolic dysfunction in patients with subarachnoid hemorrhage. J
Neurosurg. 2006;105:15-20.

43.

Temes RE, Tessitore E, Schmidt JM, et al. Left ventricular dysfunction and cerebral infarction
from vasospasm after subarachnoid hemorrhage. Neurocrit Care. 2010;13:359-65.

44.

Kawaguchi M, Utada K, Yoshitani K, et al. Intraoperative Landiolol for Intracranial Aneurysm
Surgery Trial (ILAST) Investigators. Effects of a short-acting [beta]1 receptor antagonist landiolol on hemodynamics and tissue injury markers in patients with subarachnoid hemorrhage
undergoing intracranial aneurysm surgery. J Neurosurg Anesthesiol. 2010;22:230-9.

45.

Naidech A, Du Y, Kreiter KT, et al.: Dobutamine versus milrinone after subarachnoid hemorrhage. Neurosurgery. 2005;56:21-26l.

46.

Anderson FA Jr, Wheeler HB, Goldberg RJ, et al. A population-based perspective of the hospital incidence and case-fatality rates of deep vein thrombosis and pulmonary embolism. The
Worcester DVT Study. Arch Intern Med. 1991;151:933-8.

47.

van Strijen MJL, de Monyé W, Schiereck J, et al.: Single-Detector Helical Computed Tomography
as the Primary Diagnostic Test in Suspected Pulmonary Embolism: A Multicenter Clinical Management Study of 510 Patients. Annals of Internal Medicine. 2003;138:307-314.

Neurocritical Care Society

448

48.

Piazza G, Goldhaber SZ. Acute pulmonary embolism: part I: epidemiology and diagnosis. Circulation. 2006;114:e28-32.

49.

Piazza G, Goldhaber SZ. The acutely decompensated right ventricle: pathways for diagnosis
and management. Chest. 2005;128:1836-52.

50.

Kucher N, Goldhaber SZ. Management of massive pulmonary embolism. Circulation.
2005;112:e28-32.

51.

Kearon C, Akl EA, Comerota AJ, et al. American College of Chest Physicians. Antithrombotic therapy for VTE disease: Antithrombotic Therapy and Prevention of Thrombosis, 9th ed:
American College of Chest Physicians Evidence-Based Clinical Practice Guidelines. Chest.
2012;141:e419S-94S.

52.

Wan S, Quinlan DJ, Agnelli G, Eikelboom JW. Thrombolysis compared with heparin for the initial treatment of pulmonary embolism: a meta-analysis of the randomized controlled trials.
Circulation. 2004;110:744-9.

53.

Sharma GV, Folland ED, McIntyre KM, Sasahara AA. Long-term benefit of thrombolytic therapy
in patients with pulmonary embolism. Vasc Med. 2000;5:91-5.

54.

Goldhaber SZ. Modern treatment of pulmonary embolism. Eur Respir J Suppl. 2002;35:22s-27s.

55.

Sharifi M, Bay C, Skrocki L, Rahimi F, Mehdipour M; “MOPETT” Investigators. Moderate pulmonary embolism treated with thrombolysis (from the “MOPETT” Trial). Am J Cardiol.
2013;111:273-7.

56.

Piazza G, Goldhaber SZ. Fibrinolysis for acute pulmonary embolism. Vasc Med. 2010;15:419-28.

57.

The PREPIC Study Group: Eight-Year Follow-Up of Patients With Permanent Vena Cava Filters in
the Prevention of Pulmonary Embolism: The PREPIC (Prevention du Risque d’Embolie Pulmonaire par Interruption Cave) Randomized Study. Circulation. 2005;112:416-422.

58.

Binanay C, Califf RM, Hasselblad V, et al. ESCAPE Investigators and ESCAPE Study Coordinators.
Evaluation study of congestive heart failure and pulmonary artery catheterization effectiveness: the ESCAPE trial. JAMA. 2005;294:1625-33.

59.

Zöllner C, Haller M, Weis M, et al. Beat-to-beat measurement of cardiac output by intravascular pulse contour analysis: a prospective criterion standard study in patients after cardiac
surgery. J Cardiothorac Vasc Anesth. 2000;14:125-9.

60.

Buhre W, Weyland A, Kazmaier S, et al. Comparison of cardiac output assessed by pulse-contour analysis and thermodilution in patients undergoing minimally invasive direct coronary
artery bypass grafting. J Cardiothorac Vasc Anesth. 1999;13:437-40.

61.

Mutoh T, Kazumata K, Ishikawa T, Terasaka S. Performance of bedside transpulmonary thermodilution monitoring for goal-directed hemodynamic management after subarachnoid hemorrhage. Stroke. 2009;40:2368-74.

449

Chapter 19: Cardiovascular Monitoring and Complications

62.

Watanabe A, Tagami T, Yokobori S, et al. Global end-diastolic volume is associated with the occurrence of delayed cerebral ischemia and pulmonary edema after subarachnoid hemorrhage.
Shock. 2012;38:480-5.

63.

Linton RA, Jonas MM, Tibby SM, et al. Cardiac output measured by lithium dilution and
transpulmonary thermodilution in patients in a paediatric intensive care unit. Intensive Care
Med. 2000;26:1507-11.

64.

Marik PE, Baram M, Vahid B. Does central venous pressure predict fluid responsiveness? A
systematic review of the literature and the tale of seven mares. Chest. 2008;134:172-8.

65.

Monnet X, Anguel N, Jozwiak M, Richard C, Teboul JL. Third-generation FloTrac/Vigileo does
not reliably track changes in cardiac output induced by norepinephrine in critically ill patients.
Br J Anaesth. 2012;108:615-22.

66.

Bruch C, Schmermund A, Dagres N, et al. Changes in QRS voltage in cardiac tamponade and
pericardial effusion: reversibility after pericardiocentesis and after anti-inflammatory drug
treatment. J Am Coll Cardiol. 2001;38:219-26.

67.

Spodick DH. Acute cardiac tamponade. N Engl J Med. 2003;349:684-90.

68.

Troughton RW, Asher CR, Klein AL. Pericarditis. Lancet. 2004;363:717-27.

69.

Reddy PS, Curtiss EI, O’Toole JD, Shaver JA. Cardiac tamponade: hemodynamic observations in
man. Circulation. 1978;58:265-72.

70.

Kerber RE, Gascho JA, Litchfield R, Wolfson P, Ott D, Pandian NG. Hemodynamic effects of
volume expansion and nitroprusside compared with pericardiocentesis in patients with acute
cardiac tamponade. N Engl J Med. 1982;307:929-31.

71.

Little WC, Freeman GL. Pericardial disease. Circulation. 2006;113:1622-32.

72.

Inamasu J, Nakatsukasa M, Mayanagi K, et al. Subarachnoid hemorrhage complicated with
neurogenic pulmonary edema and takotsubo-like cardiomyopathy. Neurol Med Chir (Tokyo).
2012;52: 49-55.

73.

Yoneda H, Nakamura T, Shirao S, et al. Multicenter prospective cohort study on volume management after subarachnoid hemorrhage: hemodynamic changes according to severity of subarachnoid hemorrhage and cerebral vasospasm. Stroke. 2013 Aug;44: 2155-61.

74.

Lazaridis C, Pradilla G, Nyquist PA, Tamargo RJ. Intra-aortic balloon pump counter pulsation in
the setting of subarachnoid hemorrhage, cerebral vasospasm, and neurogenic stress cardiomyopathy. Case report and review of the literature. Neurocrit Care. 2010 Aug;13: 101-8.

75.

Stone NJ, Robinson J, Lichtenstein AH, et al. 2013 ACC/AHA Guideline on the Treatment of
Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults: A Report of the
American College of Cardiology/American Heart Association Task Force on Practice Guidelines.
Circulation. 2013 Nov 12.

Neurocritical Care Society

450

76.

Muntner P, Colantonio LD, Cushman M, et al. Validation of the atherosclerotic cardiovascular
disease Pooled Cohort risk equations.JAMA. 2014 Apr 9;311(14):1406-15.

77.

Scheitz JF, Seiffge DJ, Tütüncü S, et al. Dose-related effects of statins on symptomatic intracerebral hemorrhage and outcome after thrombolysis for ischemic stroke.Stroke. 2014
Feb;45(2):509-14.

78.

Chen PS, Cheng CL, Kao Yang YH, et al. Impact of early statin therapy in patients with ischemic
stroke or transient ischemic attack. Acta Neurol Scand. 2014 Jan;129(1):41-8.

451

Chapter 19: Cardiovascular Monitoring and Complications

CARDIOVASCULAR MONITORING QUESTIONS
1. A 28 year-old male graduate student presents with chest pain. His ECG demonstrates T wave
flattening in the inferior leads and his troponin is slightly elevated at 0.3 ng/mL. A urine drug
screen is positive for cocaine and opiates. Which of the following would be appropriate medical
therapy?
a) Aspirin, atorvastatin, metoprolol
b) Aspirin, lorazepam, morphine, oxygen, atorvastatin
c) Sublingual nitro, digoxin, clopidogrel, oxygen
d) Lepirudin, nimodipine, morphine
2. A 55 year-old man is involved in an all-terrain vehicle crash. At presentation his GCS is 13, and his
CT of head demonstrates a basilar skull fracture and a mild contusion affecting the left frontal lobe.
He starts developing ST segment elevations on telemetry, and his ECG demonstrates ST segment
elevations of 2 mm in leads I, aVL, V5-6. The nearest PCI capable center is 100 minutes away by
air. What is the appropriate option?
a) Start streptokinase
b) Start tenecteplase
c) Bolus with 2000 units heparin, give aspirin
d) Metoprolol, oxygen, and flight to PCI center
3. A 77 year-old male presents with a Hunt-Hess 3, Fisher 4 SAH with hydrocephalus. The culprit left
posterior communicating 6mm-aneurysm is coiled uneventfully and an EVD is placed. Post procedure his exam is unremarkable except for a minor headache. On post-admission day 6 he develops
signs of delayed cerebral ischemia, and responds well to a 15% increase in MAP with phenylephrine. Post-admission day 8 he complains of shortness of breath, chest pain, and becomes mildly
hypoxic. His ECG demonstrates diffuse T-wave flattening and his troponin is elevated at 1.4 ng/
mL. He remains hemodynamically stable. Subcutaenous enoxaparin was not started post-coiling.
What is the next appropriate test?
a) CTA- Pulmonary Embolism Protocol
b) D-dimer
c) Transcranial Doppler
d) Transthoracic Echocardiography
4. The above test in Question 3 demonstrates a large saddle PE. Further, it demonstrates venous
thrombosis in the right femoral and left popliteal veins. What is the appropriate management for
this patient?
a) IVC Filter, Alteplase
b) Alteplase, heparin drip
c) IVC Filter
d) Start enoxaparin
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5. Central venous pressure is the best measure of preload
a) True
b) False
6. A 22 year-old female who arrives to the ED after a motor vehicle accident at 30 mph without airbag
deployment. She was the driver, and the collision was head on. During assessment, she becomes
lethargic, her pulse pressure narrows, and she demonstrates JVD on examination. Chest-X ray
demonstrates cardiomegaly. What would be the next most reasonable steps?
a) CTA- Pulmonary Embolism Protocol
b) Rapid sequence intubation and chest-X ray
c) Bolus 1 L NS, US guided pericardiocentesis if fluid present on echo
d) Change blood pressure cuff to calf and give 20mg IV furosemide
7. Thermodilution hemodynamic monitoring operates by calibrating what of the following to the systolic portion of the arterial wave form?
a) Modified Stewart-Hamilton Equation
b) Bladder temperature
c) Central venous pressure
d) Hemoglobin
8. A 24 year old black female presents with a Hunt-Hess 4, Fisher 4 SAH. Her ECG demonstrates prolonged QT intervals and inverted T waves in precordial leads. Bedside echo demonstrates apical
ballooning. What is the most likely diagnosis and potential therapy?
a) Stanford A aortic dissection/emergent surgical consultation
b) NSTEMI/Aspirin, morphine, oxygen, statin, metoprolol
c) Tako-Tsubo Cardiomyopathy/beta-blockade
d) Cardiac tamponade/emergent pericardiocentesis
9. What is a contraindication to use of prasugrel?
a) Lactose intolerance
b) Prior stroke
c) Prior MI
d) Factor V Leiden heterozygote
10. Clopidogrel blocks what portion of which receptor on platelets?
a) The NKoTB portion of the KNP receptor
b) The COX-2 portion of the NF-kB receptor
c) The Mg++ sight of the NMDA receptor
d) The P2Y12 portion of the ADP receptor
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CARDIOVASCULAR MONITORING ANSWERS
1. The correct answer is B. In cocaine related ACS, use of beta blockade is not recommended.
Use of benzodiazepines and calcium channel blockers is however. In all cases of ACS, use of
aspirin, morphine, and statins are recommended.
2. The correct answer is D. The appropriate window for PCI is 90 minutes or less for patients
transported to PCI-capable hospital or 120 minutes or less for patients who are transported
to a non-PCI capable hospital first. When fibrinolysis is the best option, then typically tenecteplase is recommended.
3. The correct answer is A. PE protocol CTA is the study of choice for diagnosis of PE.
4. The correct answer is C. If patients are hemodynamically stable, then thrombolytics are typically withheld. When anticoagulation is contraindicated, then an IVC filter is a fair option.
5. The correct answer is B. CVP is not a reliable measure of preload in the critically ill.
6. The correct answer is C. This patient most likely has cardiac tamponade. IV fluids should help
temporize the patient in preparation for drainage.
7. The correct answer is A. The correlation of arterial, systolic waveform analysis and the modified Stewart-Hamilton equation is the basis for thermodilution hemodynamic monitoring.
8. The correct answer is C. A young female with SAH and echocardiographic demonstration of
ballooning is most suggestive of Tako-Tsubo Cardiomyopathy. Some evidence suggests beta
blockade may have efficacy in treatment.
9. The correct answer is B. Prasugrel is contraindicated for patients with stroke.
10. The correct answer is D. Clopidogrel blocks the P2Y12 portion of the ADP receptor.

