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Introduction

The heart-brain connection has been documented for cen-
turies, and a variety of neurologic emergencies are known
causes of disruption of the cardiovascular system [1-3].
While the main focus of this book has been to provide guid-
ance on the triage and management of neurologic disease,
it would be remiss to ignore the cardiovascular impact that
neurologic disease can have and how management of the
cardiovascular system is imperative in preventing further
neurologic decline. Here we describe some of the cardiac
complications that one might encounter in the emergency
department or after admission to the neurocritical care unit
(NCCU) that require management in the setting of various
neurologic diseases.

Hypertension

Hypertension is the etiology, or at the very least a contributing
factor, underlying multiple neurologic conditions, including
hypertensive urgency, posterior reversible encephalopathy
syndrome (PRES), ischemic stroke, and intracranial hemor-
rhage. In the NCCU, a provider will be faced with the need
to manipulate blood pressure in different ways to reduce sec-
ondary injury. Many of these interventions can and should
be initiated in the emergency department immediately upon
identifying the diagnosis.

Hypertensive encephalopathy and the PRES spectrum
are the most notable of neurologic diseases directly caused
by hypertension. Hypertensive encephalopathy occurs when
severe hypertension induces headache, nausea, visual distur-
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bances, confusion, seizures, and ultimately coma. PRES is a
manifestation of accelerated hypertension in which encepha-
lopathy can be accompanied by focal symptoms and MRI
hyperintensities that are typically posterior and symmetric,
though this can vary. In extreme cases, small amounts of sub-
arachnoid hemorrhage can occur. These imaging findings are
thought to be due to an alteration in the permeability of blood
vessels, leading to edema, but these changes most often
normalize over the course of several weeks [4]. PRES can
also be found in eclampsia, which manifests with seizures
in addition to the above findings. Treatment of hypertensive
encephalopathy is typically performed using antihyperten-
sive agents. Target blood pressure (BP) is either 20% reduc-
tion per day or systolic blood pressure (SBP) <140 mm Hg,
generally via intravenous medications (calcium channel
or beta-blockers) followed by oral agents once stable. In
eclampsia, continuous magnesium sulfate is the mainstay of
treatment in addition to BP control.

One of the major causes of intraparenchymal hemorrhage
is hypertension. A patient presenting with hypertension and
hemorrhage location in deeper brain regions such as the
basal ganglia, brainstem, and cerebellum tends to suggest a
hypertensive etiology [4]. Regardless of intraparenchymal
hemorrhage etiology, BP control post-hemorrhage is vital to
reducing the risk of hematoma expansion. This BP control
can be difficult to manage, and there has been some contro-
versy regarding the optimal target SBP goal, with the ATACH
IT and INTERACT-2 trials showing no difference in death or
disability with aggressive BP lowering measures. However,
SBP goal <140 is generally viewed as safe and is thus an
adopted target for many centers, with liberalization of that
goal to SBP < 160 after hemorrhage stability is confirmed
[5]. Initial BP lowering is recommended via intravenous
antihypertensive medications, followed by the addition of
oral agents. In some patients, BP can be difficult to manage
on an oral regimen, ultimately requiring multiple agents. It
is important for these patients to be closely followed as they
exit the acute period as there is a risk of developing hypo-
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tension while on these medications as their post-hemorrhage
hypertension resolves.

More broadly, intracranial hemorrhage, including epi-
dural hemorrhage, subdural hemorrhage, subarachnoid hem-
orrhage, and intraventricular hemorrhage of any etiology, is
recommended to be treated in the same manner with SBP
goal <140 until hemorrhage is confirmed stable after which
liberalizing to <160 is often acceptable.

Ischemic stroke can be caused by hypertension as well,
though a majority of these strokes tend to be smaller in size
compared to their embolic counterparts. Hypertension man-
agement becomes more relevant after an ischemic stroke of
any etiology occurs. For 24 hours after ischemic stroke, BP
should be allowed to autoregulate up to SBP 220 (unless the
patient has other active medical problems such as myocar-
dial infarction that often require SBP < 140, or the patient
has received thrombolysis, anticoagulation, or thrombec-
tomy in which case SBP < 185 is often used as an upper
limit). After this time period, the BP should be brought
down by 20% per day to normotension. The exception to this
rule is when a patient has evidence of a pressure-dependent
exam, meaning that at higher BPs symptoms improve and at
lower BPs symptoms worsen, suggesting a relative perfusion
deficit with at-risk penumbral tissue. In this instance, close
BP monitoring in the intensive care unit (ICU), while main-
taining BP in a range that provides the best clinical exam,
is crucial. Often IV fluids and vasopressors are considered
to maintain this perfusion as needed, though the evidence
behind this practice is Class IIb [6].

Traumatic spinal cord injury is another neurologic disease
for which blood pressure management is key. Adequate perfu-
sion must be maintained after blunt force injury to the spinal
cord. While the data are limited, general practice guidelines
suggest maintaining a mean arterial pressure (MAP) goal of
85-90 for 7 days [7]. This often requires vasopressors given
the vasoplegia that occurs post-injury. In particular, norepi-
nephrine is often the vasopressor of choice given it is less
likely to exacerbate any bradycardia that may already exist.
Spinal cord injury itself induces multiple hemodynamic
changes both acutely and chronically. Acutely, both spinal
shock and neurogenic shock can be observed [8], the latter of
which will be discussed in the shock section below.

Autonomic dysfunction is very common after spinal cord
injury, usually above T6 and more common in those who suf-
fer American Spinal Injury Association (ASIA) A grade inju-
ries. Hypertension, tachycardia, or bradycardia can be seen
along with a host of other manifestations including diapho-
resis and spasms. Left untreated, such symptoms can lead to
PRES, seizures, intracranial hemorrhage, myocardial infarc-
tion, and even death [8]. However, autonomic dysfunction is
not limited to spinal cord injury alone. It can be seen in many
severe manifestations of brain injury including traumatic
brain injury, hypoxic-ischemic injury, infectious or autoim-

mune encephalitis, and many others. Autonomic dysfunction
can be difficult to treat as it manifests as paroxysmal events,
which can sometimes be characterized by different auto-
nomic changes. Intravenous management of these episodes
often relies upon opiates, benzodiazepines, and antihyperten-
sive medications. Oral treatment options for dysautonomia
are extensive and best chosen based upon the predominant
symptoms and triggers. For those with mainly BP and heart
rate manifestations, beta-blockers, such as propranolol, and
alpha-blockers, like clonidine, are commonly used.

Cardiomyopathy

While both electrical and structural abnormalities of the
heart have been noted after brain injury, probably none is
more famous than Takotsubo cardiomyopathy, the subject
of “Voodoo Death” documented in 1942 [1, 2]. Takotsubo
cardiomyopathy is also referred to as stress-induced cardio-
myopathy or more recently as neurogenic stress cardiomyop-
athy [9]. The classic abnormality is apical hypo- or akinesis
with intact contraction at the base, leading to a ballooning
pattern from which its namesake is derived [10]. However,
both mid-ventricular and basilar hypokinetic patterns have
been described [11-13]. The cardinal rule of neurogenic car-
diomyopathy is that there is complete functional recovery
in most cases. The exception is very severe cardiomyopa-
thy with such poor ejection fraction as to cause cardiogenic
shock and sometimes death.

Neurogenic cardiomyopathy has been reported after nearly
all acute brain injuries, including ischemic stroke, seizures,
intraparenchymal hemorrhage, infection, traumatic brain
injury, and, most commonly, subarachnoid hemorrhage [14—
18]. In fact, neurogenic cardiomyopathy has been reported
in up to 30% of subarachnoid hemorrhage cases [9, 12].
Patients who develop neurogenic cardiomyopathy as a com-
plication of their acute brain injury have significantly higher
mortality than those without [19]. Pathophysiologically, it is
thought that there is a catecholamine surge at the time of
neurologic injury that leads to contraction band necrosis and
early calcifications [2, 12, 19-22].

Early diagnosis of neurogenic cardiomyopathy is impor-
tant for initiating proactive treatment to prevent complica-
tions and speed recovery. It can sometimes be clinically
difficult to differentiate from primary ischemic cardiomy-
opathy, and there have been multiple investigations into the
utility of various biomarkers [23, 24]. Troponins are highly
sensitive for cardiac dysfunction and should be trended, but
alone can mislead a provider into thinking a patient is suf-
fering from a myocardial infarction. Transthoracic echocar-
diograms are needed to assess bi-ventricular dysfunction and
the presence of left ventricular outflow tract (LVOT) obstruc-
tion and characterize the pattern of hypokinesis. Concurrent
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measurements of N-terminal prohormone of brain natriuretic
peptide (NT-proBNP) and creatine kinase-muscle/brain
(CK-MB) have been found to be more specific in assessing
cardiomyopathy and differentiating it from cardiac ischemia.
In particular, high ratios of NT-proBNP/ejection fraction
and NT-proBNP/CK-MB were found to be most accurate in
predicting neurogenic stress cardiomyopathy [23, 24]. This
is thought to be related to the high levels of BNP released
in the catecholamine surge that induces neurogenic stress
cardiomyopathy.

The mainstay of treatment for neurogenic stress car-
diomyopathy is supportive care [12, 20]. Because it is a
reversible injury in most without hemodynamic instabil-
ity, diuretics and afterload reduction are important in both
optimizing cardiac output and reducing pulmonary edema.
If there is no LVOT obstruction, then often beta-blockers
and/or angiotensin-converting enzyme (ACE) inhibitors are
initiated until functional recovery is documented, though
some encourage continuing beta-blockers indefinitely [12,
20, 25]. Short interval repeat transthoracic echocardiogram
is recommended, as functional recovery is typically within
1-4 weeks. Approximately 10% of patients develop cardio-
genic shock, which may be related to the severity of ven-
tricular dysfunction or the presence of LVOT obstruction
[25]. The management of cardiogenic shock is discussed in
section entitled “Shock”. Of note, in rare cases, LV throm-
bus formation is a complication of reduced ejection fraction,
and anticoagulation should be considered if evidence that the
source of hemorrhage, like an aneurysm, is obliterated.

Shock
Cardiogenic Shock

In the majority of patients suffering cardiogenic shock after
neurologic injury, neurogenic stress cardiomyopathy is
the cause. However, pre-existing cardiac dysfunction can
be exacerbated in the setting of acute neurologic injury.
Diagnostically, transthoracic echocardiogram is needed to
assess bi-ventricular function. Other ancillary tests include
pulmonary artery catheterization, the measurement of cen-
tral venous pressures, and more recently, advanced hemo-
dynamic monitoring using arterial pressure waveform—based
cardiac output measurements. Measures of filling pressures
and systemic vascular resistance can assist with guiding ther-
apy, though these and the above tests have unclear benefit
with regard to patient outcomes.

Treatment of cardiogenic shock depends on whether
LVOT obstruction exists. If there is no LVOT obstruction,
then cautious fluid resuscitation (if pulmonary congestion is
minimal) should be used. This is usually followed by inotro-
pic therapy with dobutamine or dopamine. However, before

initiating these therapies, the clinician must first evaluate for
LVOT obstruction and heart failure with preserved ejection
fraction since these medications can worsen cardiogenic
shock if these abnormalities are present [25]. Milrinone
and, outside the US, levosimendan have been shown to be
promising inotropic therapies as well and can be used as con-
comitant therapy [12, 14, 20, 26]. Vasopressors may also be
necessary in persistently hypotensive patients refractory to
the above therapies. Norepinephrine, with both vasopressor
and inotropic effects, is often the first-line agent in this sce-
nario. Phenylephrine may be helpful in LVOT obstruction
cases by increasing afterload and improving hemodynamics
but should be used with close monitoring as the vasocon-
strictive properties could be harmful. Vasodilator therapy,
such as nitroprusside, is reserved for those with evidence
of severe hypertension, acute mitral regurgitation, or acute
aortic regurgitation. In most cases, the primary neurologic
injury precludes the use of mechanical circulatory support,
such as intra-aortic balloon pumps, ventricular assist devices
and extra-corporeal membrane oxygenation, due to the risk
of hemorrhage. However, if a patient has refractory hypo-
tension and LV dysfunction with a neurologic injury that
does not preclude full anticoagulation, then these forms of
mechanical support should be considered. More recently,
the requirement for anticoagulation in intra-aortic balloon
pumps has been called into question, and they have been used
successfully without anticoagulation in small case series [27,
28], so this mechanical modality without anticoagulation is
also a consideration on a case-by-case basis.

Septic Shock

While septic shock is less common in the NCCU than in the
Medical Intensive Care Unit, it can be seen either related
to the patient’s primary neurologic injury, as is the case in
bacterial meningitis or endocarditis, or as a complication
of a patient’s admission to the ICU (e.g., pneumonia from
mechanical ventilation, central line-related infections). In
general, sepsis is a leading cause of death in hospitalized
patients [29]. There has been a concerted push for early
identification and treatment to reduce the mortality and
morbidity of this disease, with new international guidelines
published in 2016 [30]. For the diagnosis of sepsis, rou-
tine cultures (including aerobic and anaerobic blood, urine,
sputum, etc.) should be collected without delay, preferably
before starting antimicrobial therapy as cultures can steril-
ize within minutes to hours after treatment administration.
Repeat cultures should be completed prior to antimicrobial
changes. Establishing urgent vascular access is imperative
to care, including the use of intraosseous access if necessary
as it is fast and reliable. Intravenous antimicrobials should
be started as soon as possible after recognition of sepsis and
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septic shock. This is because each hour delay in administra-
tion of appropriate antimicrobials is associated with a mea-
surable increase in mortality [29]. Broad-spectrum therapy is
recommended to cover all likely pathogens. For many infec-
tions, a 7-10-day duration of antimicrobial treatment is suffi-
cient with longer courses reserved for special circumstances.
More recently, procalcitonin levels are being used in some
institutions both for the diagnosis of bacterial infections and
to support shortening the duration of antibiotic therapy [30].
Aggressive fluid resuscitation with crystalloids using an ini-
tial infusion of 30 cc/kg is recommended, with volume status
reassessment thereafter. If a patient is felt to be euvolemic
but remains hypotensive, then vasopressors should be ini-
tiated. Norepinephrine is the first-choice vasopressor for
septic shock. The addition of vasopressin or epinephrine to
either augment MAP goals or decrease norepinephrine dos-
age is also recommended. Dopamine is only to be used in a
select group of patients at low risk for tachyarrhythmias and
bradycardia. Dobutamine can be used in patients who show
persistent hypoperfusion despite adequate fluid resuscita-
tion and vasopressor agents. Milrinone and levosimendan,
where available, can also be considered, though dobutamine
is considered the first-line inotrope for septic shock. The use
of corticosteroids in sepsis is controversial and generally
not recommended, but in refractory cases of septic shock,
there is new evidence to suggest that intravenous hydrocor-
tisone plus fludrocortisone confer some benefit [31, 32]. If
the source of sepsis is pulmonary with associated evidence
of acute respiratory distress syndrome (ARDS), then low-
volume ventilation and other maneuvers should be used as
needed for proper ARDS management.

Neurogenic Shock

Neurogenic shock is hypotension, and sometimes also brady-
cardia, due to loss of sympathetic tone leading to vasodilation
and increased vagal tone [8]. A majority of cases are related
to cervical and high thoracic spinal cord injury, though it can
rarely be seen after severe brain injury. This type of shock
is different than the above shock types. Normally in shock,
the sympathetic nervous system triggers multiple compen-
satory mechanisms including vasoconstriction, tachycardia,
and hyperventilation to shunt blood away from the extremi-
ties and toward vital organs. In neurogenic shock, these com-
pensatory mechanisms are impaired. Diagnostically, patients
will have clinical evidence of vasodilation, such as warm
peripheries and slower heart rates that are unique from other
forms of shock. Dopamine is often used as first-line therapy,
with the addition of phenylephrine or other vasopressors
as needed [8]. Newly available angiotensin II analogs are

mechanistically promising in treating hypotension but have
yet to be evaluated in neurogenic shock. Atropine can be
administered for slowed heart rate. Neurogenic shock usu-
ally resolves over the course of 1-6 weeks post-injury [8].

Hemorrhagic Shock

Hemorrhagic shock is never due to primary neurologic
injury and is rarely seen in the setting of neurosurgical pro-
cedures during which some inadvertent vascular access, such
as into the venous sinuses, results in massive blood loss,
which without proper transfusions can be fatal. Outside of
this infrequent circumstance, hemorrhagic shock after acute
brain injury is secondary to either a common preceding event
(e.g., a patient on anticoagulation who has an intracranial
hemorrhage in addition to other systemic hemorrhage) or a
complication of hospitalization (e.g., stress ulcer). Frequent
hemoglobin monitoring and assessment of coagulation
abnormalities are crucial for diagnosis. Imaging, including
endoscopy, is vital to identifying any hemorrhage source.
Volume resuscitation is the cornerstone to treating hemor-
rhagic shock. Crystalloid fluid can be used immediately for
volume resuscitation as it is readily available, but ultimately
replacement with blood products is preferred as soon as pos-
sible. If needed, a massive transfusion protocol should be
activated, with the patient being resuscitated with 1:1:1 (red
blood cells to platelets to fresh frozen plasma) blood products
as suggested by new guidelines [33]. Large bore intravenous
catheters (preferably 14 or 16 gauge), intraosseous access,
or sheath introducers (e.g., Cordis) are preferred for rapid
infusion. The number one priority is to control the source
of bleeding whether via surgical or endovascular means. If
a coagulopathy is diagnosed, then factor replacement and/or
cryoprecipitate should be considered.

Myocardial Infarction

STEMI

ST segment elevations after primary neurologic injury are
common, but ST-elevation myocardial infarctions (STEMIs)
are not. ST elevations are often due to neurogenic stress car-
diomyopathy, demand ischemia, and rarely aortic dissections
[15, 23]. ST elevations from coronary artery ischemia that is
concurrent with acute brain injury are rare though possible in
cases such as hypercoagulable states, cocaine use, and aortic
dissection. EKG, troponin, and BNP should be immediately
checked [23]. If a bedside echocardiogram is readily available
without delaying treatment decisions, it may help to assess
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for regional wall motion abnormalities. As with all circum-
stances in which STEMI is suspected, the hospital procedure
for activating the catheterization lab team should be initiated
in a time-sensitive manner. However, the concurrent acute
neurologic injury may limit treatment options (and perhaps
even anticoagulation during the procedure). Primary myocar-
dial infarction treatment often necessitates stent treatment that
requires dual antiplatelet therapy, which is often contraindi-
cated in certain acute neurologic injuries such as intracranial
hemorrhage or large cerebral infarction. Similarly, coronary
artery bypass grafting (CABG) requires significant anticoagu-
lation while on cardiopulmonary bypass during the procedure;
risks and benefits should be weighed on a case-by-case basis.

NSTEMI

Non-ST-elevation myocardial infarction (NSTEMI) similarly
is an uncommon presentation associated with neurologic dis-
ease, but more common than STEMI. NSTEMI evaluation is
similar to the STEMI evaluation described above. The classic
“MONA” pneumonic (morphine, oxygen, nitrate, aspirin) for
initial treatment is recommended for all patients with angina
symptoms in which there are no contraindications [34].
Unfortunately, while anticoagulation and antiplatelet therapy

i aVL

are mainstays of NSTEMI treatment they are often contrain-
dicated in acute neurologic injury. Other treatments, such as
beta-blockers and statins, are generally recommended if LV
function is not acutely compromised and there are no con-
traindications from a neurologic standpoint [34]. Once anti-
platelet agents are considered safe from a neurologic injury
perspective, they should be initiated as soon as possible.

EKG Abnormalities and Arrhythmias

EKG Abnormalities

EKG abnormalities are seen in many, if not most, cases of
severe acute neurologic injury. Almost all types of abnormal-
ities have been reported [2, 16, 21, 35]. As already discussed,
ST changes are quite common, either as elevations, depres-
sions, or T-wave inversions. Heart block is also commonly
seen. While first-degree heart block is the most common
manifestation, type II Mobitz I and Mobitz II heart blocks
can be seen and rarely type III [35]. Asystolic pauses, though
rare, can also be seen post injury. “Cerebral T-waves” are
a unique EKG abnormality that has been found after brain
injury [2]. These are diffuse, inverted T waves that are very
large and deep (Fig. 4.1). U waves, which appear after a
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Fig. 4.1 Example of cerebral T-waves on 12-lead EKG. These are diffuse, inverted T waves that show very large, deep morphology. (Image

Courtesy of Sarah Nelson, MD)



54

J.A.Kim and S. Izzy

T wave and typically are too subtle to detect on a normal
EKG, have been reported to be prominent after some cases
of acute neurologic injury. Finally, QT prolongation is also
frequently seen after neurologic injury [2, 16, 21, 35]. Thus,
one must be cautious in monitoring the use of QT-prolonging
medications and the potential for developing torsades de
pointes. EKG monitoring, sometimes daily if abnormalities
are found, along with telemetry monitoring is important for
diagnosis. Treatment goals include avoiding any medications
that could exacerbate the EKG abnormalities observed and
maintaining potassium and magnesium levels within high
normal range. First-line treatment for torsades is continuous
magnesium infusion. If significant abnormalities are found
including high-degree heart block or prolonged asystolic
pauses, then urgent consultation to cardiology may be war-
ranted with consideration for pacemaker placement.

Arrhythmias

By far, the most common arrhythmia observed after neuro-
logic injury is atrial fibrillation. Often atrial fibrillation is
either a previously known diagnosis or a new diagnosis that
can sometimes be the etiology of acute neurologic injury,
such as ischemic stroke or anticoagulation-related hemor-
rhage. If atrial fibrillation is a new diagnosis, then it should
be documented and addressed, especially in the setting of
ischemic stroke; in these cases, this diagnosis will likely dic-
tate ultimate medical management since the presence of atrial
fibrillation increases ischemic stroke risk five-fold [36]. Atrial
fibrillation can also result from the acute stress of neurologic
injury or neurosurgery [36]. Diagnosis of atrial fibrillation is
usually made using telemetry monitoring and should be con-
firmed with a 12-lead EKG. Initiation of anticoagulation is
based upon the CHA,DS,-VASc score (>2) balanced with
bleeding risk (for which there are scores such as HAS-BLED;
however, the utility of such scoring systems is controversial).
The timing of anticoagulation initiation after an acute neu-
rologic injury is based on each individual patient situation.
The choice of long-term anticoagulant agent should also be
patient-specific, and options include both warfarin and direct
oral anticoagulant agents (e.g., apixaban, rivaroxaban, dabi-
gatran, edoxaban). If a patient with atrial fibrillation develops
rapid ventricular response, then intravenous beta-blockers or
calcium channel blockers can be used as intravenous pushes
and/or infusions as needed. In unstable patients, chemical or
electrical cardioversion can be considered, but there is a risk
that any residual cardiac thrombus may embolize.

Almost all forms of tachy- and brady-arrhythmias have
been reported after neurologic injury and can be life-

threatening. As already mentioned, torsades de pointes,
third-degree heart block, and asystolic pauses can occur
[2, 16, 21, 35]. Sustained monomorphic ventricular tachy-
cardia can also be seen, especially in the setting of large
intracranial hemorrhage. Cushing response is a classi-
cal triad that presents as hypertension, bradycardia, and
hypoventilation. This triad is a marker of elevated intracra-
nial pressure and, practically speaking, when all signs are
present, is almost exclusively seen during active acute her-
niation. Immediate hyperosmolar therapy administration
and consideration for surgical decompression is warranted
in these cases. Direct treatment of the life-threatening
arrhythmia should follow Advanced Cardiovascular Life
Support (ACLS) guidelines.

The pathophysiology behind EKG abnormalities and
arrhythmias is due to multiple anatomic nodes of the “brain-
heart connection.” The insula and brainstem are the most
well-described hubs for such alterations [19, 22, 37]. The
insular cortex has been long reported to be associated with
arrhythmias, and even the presence of a laterality has been
described (although controversial) [19, 38]; classically, the
laterality is thought to be a sympathetic drive originating
from right insular cortex activation and a parasympathetic
drive originating from the left insular cortex. Brainstem
compression can lead to any arrhythmia type, though based
on Cushing phenomenon, thought to be more commonly pre-
senting with bradycardia [22, 37].

Cardiac Arrest

Cardiac arrest can cause significant neurologic injury;
the prognosis, evaluation, and management of neurologic
recovery after cardiac arrest will be in part discussed in the
“Therapeutic Hypothermia in Neurocritical Care” chapter.
Neurologic injury that causes cardiac arrest is much less
frequent, though it includes a broad range of pathologies
such as intraparenchymal/intraventricular hemorrhage and
seizures. Serious arrhythmias or extreme cardiomyopathy
are the most likely modes by which cardiac arrest can occur.
ACLS algorithms should be followed.

Pharmacology

Table 4.1 summarizes the major continuous infusions men-
tioned throughout the chapter used to treat patients with
cardiac dysfunction induced after neurologic injury. The
list provides classes of drugs and common dose ranges used
clinically.
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Table 4.1 Summary of the major continuous infusions used to treat
patients with cardiac dysfunction induced after neurologic injury

Drug name

Dose range

Antihypertensive agents

Labetalol 0.5-10 mg/min

Nicardipine 5-15 mg/hr

Vasopressors

Norepinephrine 2-40 mcg/min (though up to 3 mcg/kg/min
reported)

Phenylephrine  100-500 mcg/min (though up to 9.1 mcg/kg/min
reported)

Vasopressin 0.02—0.04 units/min

Dopamine 0.5-20 mcg/kg/min

Inotropic agents

Dobutamine 0.1-20 mcg/kg/min (though up to 40 mcg/kg/min
reported)

Milrinone 50 mcg/kg x 1 followed by 0.125-0.75 mcg/kg/min

Levosimendan  6-24 mcg/kg x 1 then 0.05-0.2 mcg/kg/min (not
available in the USA)
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