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Cognitive impairment in chronic heart failure

dvances in the treatment of ischemic heart

disease have resulted in the survival of an

increasingly elderly population with chronic

heart failure (CHF). Approximately 5 mil-
lion Americans suffer from CHE and an additional 20
million are presymptomatic with a reduced ejection
fraction." As the heart fails, so do other organs; renal
failure and the profound weight loss of cardiac cachex-
ia are significant determinants of mortality. However,
it is the decline in cognitive functioning that can sig-
nificantly reduce patients’ quality of life at a time
when physical abilities are limited. This article
reviews patient characteristics associated with cogni-
tive impairment in CHF as well as conditions that
may contribute to it.

B THE SCOPE OF THE PROBLEM:
IMPACT ON OUTCOMES AND PATIENT CARE

Within the past several decades, awareness of the pres-
ence and impact of cognitive impairment in patients
with CHF has grown. Most of our understanding is
derived from the detailed study of small numbers of
patients or limited testing in larger groups participat-
ing in epidemiologic studies or clinical trials. A litera-
ture review of heart failure studies from 1966 to 2000
revealed only 13 that reported on the cognitive status
of 907 patients.” From these data, the message is that
some degree of cognitive impairment is common,
affecting about half of all patients with CHE

The presence of cognitive impairment in patients
with CHEF is significantly associated with increasing
age, impaired activities of daily living, reduced inde-
pendence in daily living, and worsening heart failure.>*

The risk of CHF also increases with age, affecting
10% of those older than 70 years, and is a major cause
of hospitalization among the elderly. Cognitive
impairment in this group is particularly common. In a
study of 92 consecutive patients with CHF admitted
to a geriatric unit over a 6-month period, cognitive
screening with the Mini Mental State Examination
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(MMSE) was performed prior to discharge.’
Confounding causes of dementia, such as Alzheimer
disease, vascular dementia, psychiatric disorders, or
substance abuse, were excluded, leaving 57 patients
(mean age: 77) available for the final analysis. MMSE
scores less than 24, consistent with dementia, were
present in 53% of patients, with the worst perform-
ance observed on tests of complex reasoning. In addi-
tion to advanced age, an association between MMSE
and left ventricular ejection fraction (LVEF) was evi-
dent: subjects with LVEF of 30% or less had worse
cognitive scores than those with higher LVEE’

Although age is an important risk factor, cognitive
impairment in CHF patients is not exclusive to the
elderly. In small studies employing detailed neuropsy-
chological testing in a pretransplant assessment,
approximately 50% of patients fulfilled criteria for
cognitive impairment.”® In one study, the 62 patients
were an average age of 44.7 years.’ Overall cognitive
impairment was documented in 58%, and 13% to
66% of individual test items were abnormal. Most dif-
ficulties were observed in reasoning and concept for-
mation, attention, and psychomotor skills.® Within
this young age group, the older patients (> 50 years)
fared worse, as did those with worse CHF as indicat-
ed by greater right atrial pressures and lower stroke
volume, cardiac output, and cardiac index.”®

In a large pharmacoepidemiologic study, cognitive
screening was performed at the time of discharge in
13,635 patients, including 1,583 with CHE* Cog-
nitive dysfunction in patients with CHF was inde-
pendently associated with disability, as it was present
in 57% of those who were disabled vs 13% of those
who were independent.* Disability in CHF patients is
predictive of poorer quality of life, higher medical
resource consumption, increased mortality, and more
frequent hospitalizations.

Approximately 50% of hospital admissions for
heart failure are associated with poor compliance
with a prescribed treatment plan. Among patients
hospitalized for decompensated CHE, 42% to 80%
were noncompliant with medications and 49% to
78% were noncompliant with diet.” Addressing these
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FIGURE 1. (A) A 53-year-old woman with a left ventricular ejection fraction (LVEF) of 20% presented with a sudden onset of hypersomno-
lence, abulia, and short-term memory loss. She repeated questions and confabulated answers. These effects were persistent and disabling. An
acute left mesial thalamic lacunar infarct was identified on diffusion-weighted magnetic resonance imaging (MRI) (left) and T,-weighted fluid-
attenuated inversion recovery (FLAIR) MRI (right). (B) A 43-year-old woman with LVEF of 10% presented with a sudden onset of agitated deliri-
um with memory loss, dysnomia, and poor comprehension. Diffusion-weighted MRI (left) demonstrated an acute left temporal lobe infarct. On
follow-up, she had persistent cognitive residual. Follow-up T,-weighted FLAIR MRI (right) depicts the evolution to temporal atrophy.

issues through intensive postdischarge disease man-
agement programs can reduce rehospitalization rates,
although the cost to implement these programs
exceeds hospitalization cost savings."” As cognitive
impairment has a significant impact on patients’ abil-
ity to understand and comply with treatment plans
that may be complicated, an improved understanding
of this issue could lead to more targeted, and perhaps
more cost-effective, treatment of these patients.

B FACTORS CONTRIBUTING TO COGNITIVE
IMPAIRMENT IN CHF

A number of potential mechanisms have been identi-
fied by which CHF can lead to cognitive impairment.
These include vascular injury from ischemic or hem-
orrhagic stroke, injury after cardiac arrest or cardiac
surgery, and chronic cerebral hypoperfusion. Brain
atrophy, disordered cerebral metabolism, and neuro-
transmitter dysfunction have also been described as
pseudodementia related to depression and sleep dep-
rivation from sleep-related breathing disorders. In
addition, it is likely that multiple mechanisms can
interact in individual patients.

Stroke

CHF has emerged as the second most common car-
diac condition leading to stroke."' More than 90% of
heart failure is caused by dilated cardiomyopathy, in
which the risk of stroke is increased two- to three-
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fold." The development of cognitive impairment
after stroke (ie, vascular dementia) is related to the
size and location of cerebral injury. Strategic damage
to the dominant medial thalamus or temporal lobe
will manifest primarily as cognitive impairments,
whereas dominant frontal or posterior temporal
lesions result in the language impairments so critical
to cognitive testing (Figures 1A and 1B).

Most have a cardioembolic mechanism. A multi-
plicity of infarcts can also produce a subcortical pat-
tern of cognitive inflexibility and prolonged cognitive
processing. This pattern may also be a result of a series
of inapparent infarcts. Silent cerebral infarcts are
common and have been identified in 34% of patients
undergoing neuroimaging prior to transplantation.'
Most of the strokes are ischemic and consistent with
a cardioembolic mechanism, which is supported by
the relationship between stroke risk and severity of
CHE The overall annual risk of stroke is relatively
low, at 1.3% to 3.5%, but certain subsets of patients,
such as the elderly, women, those with prior stroke or
diabetes, and especially those with worse LVEEF, are at
increased risk."” Stroke risk increases by 18% for every
5% decline in LVEEF, from an incidence of 1.5% to 2%
with LVEF of 30% to 35%, to an incidence of 2% to
4% with LVEF less than 10%.'"* Worsening left ven-
tricular function leads to increased end-diastolic vol-
ume, which, in turn, results in intracardiac stasis and
thrombus formation.""
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FIGURE 2. A 37-year-old man with a left ventricular ejection frac-
tion of 20% and a 7-year history of ischemic heart disease sus-
tained an acute myocardial infarction with cardiogenic shock
requiring intra-aortic balloon support and urgent coronary revascu-
larization. He was slow to awaken after minor sedation, abulic, and
disoriented, and had impaired memory but no other focal sensori-
motor or visual abnormalities. Note the multifocal infarcts on diffu-
sion-weighted magnetic resonance imaging throughout the cortex.

In elderly patients with CHE, atrial fibrillation is
independently associated with cognitive decline,
increasing the risk 3.4-fold. This relationship is lost,
however, if patients with a history of cerebrovascular
events are excluded, implying that the contribution
to cognitive impairment is largely exerted through
damage from cardioembolic stroke.”*

Other stroke subtypes. Although most strokes are
cardioembolic, this population is also at risk for other
stroke subtypes. Atherosclerotic risk factors for coro-
nary heart disease, such as hypertension, hyperlipi-
demia, diabetes, and cigarette smoking, are also risk
factors for cerebrovascular disease, resulting in artery-
to-artery embolism or stenosis, or occlusion of large
cervicocephalic arteries, intracranial arteries, or small
perforating arterioles. Intracranial hemorrhage is an
established complication of antithrombotic therapies
used to prevent ischemic stroke, particularly with
anticoagulant use in the elderly.

The risk of stroke after acute myocardial infarction
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(MI) is 2% to 4%, and is particularly high in the eld-
erly with CHE Transcranial Doppler (TCD) monitor-
ing of patients within 72 hours of an acute MI detect-
ed cerebral microembolism in 17% of patients, with
the greatest risk in patients with LVEF less than 65%,
akinetic left ventricular segments, and left ventricular
thrombus.' Of these 17%, 3% had a symptomatic
cerebral embolism (Figure 2).

Patients with CHF are likely to undergo various car-
diac interventional procedures that can be complicat-
ed by cerebral embolism."” Stroke complicates less than
0.1% of diagnostic cardiac catheterizations and 0.3% of
coronary endovascular interventions. Cardiac surgery
risks include a 2% to 5% risk of stroke with coronary
bypass alone and a 5% to 10% risk when coronary
bypass is combined with valvular surgery (Figure 3)."

Optimal prevention therapy unknown. In the
absence of atrial fibrillation, the optimum antithrom-
botic therapy to prevent stroke in patients with
reduced LVEF is unknown. When the Warfarin and
Antiplatelet Therapy in Heart Failure (WATCH) trial
was terminated for poor recruitment, the available
data did not demonstrate a significant difference in
the primary end point of stroke, MI, or death among
those randomized to treatment with warfarin (target
International Normalized Ratio [INR]: 2.5 to 3.0),
aspirin (160 mg/day), or clopidogrel (75 mg/day).
Patients randomized to warfarin, however, experi-
enced fewer strokes but more bleeding complications
compared with the antiplatelet regimens, and patients
randomized to aspirin had more hospitalizations for
heart failure.”® The ongoing Warfarin Aspirin in
Reduced Cardiac Ejection Fraction (WARCEF) trial
continues to compare warfarin (target INR: 2.5 to 3.0)
to aspirin (325 mg/day).” WARCEF was prospective-
ly designed, and its end points are the same as those in
WATCH. These data will hopefully clarify the best
therapy for a large range of patients with CHE and
result in guidelines similar in scope to those that
emerged from trials of patients with atrial fibrillation.”

Cerebral hypoperfusion

In the normal state, resting cerebral blood flow (CBF)
is optimized within rather narrow parameters
throughout a wide range of systemic blood pressures,
a process known as cerebral autoregulation. In CHE
declines in cardiac output result in a redistribution of
blood flow to favor the heart and brain at the expense
of the skeletal muscle and the cutaneous, splanchnic,
and renal vascular beds.” As cardiac output continues
to decline, however, the capacity of cerebral autoreg-
ulation to maintain CBF is exhausted. CBF will begin
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FIGURE 3. After an urgent,
but otherwise uncomplicated,
coronary artery bypass oper-
ation, this patient was abulic
with poor attention, concen-
tration, and memory.
Encephalopathy following
open-heart surgery was
diagnosed. The patient had
poor memory and exhibited
poor attention and concen-
tration. Diffusion-weighted
magnetic resonance imaging
depicted acute, multifocal
ischemic injuries, which have
been related to multifocal
embolism or reduced clear-
ance of emboli.

to decline when mean arterial pressures decrease to
80% of baseline, or approximately 60 mm Hg. In nor-
mal subjects, a 30% decline of CBF results in mild
symptoms of cerebral hypoperfusion, and a 50% to
60% decline produces mental confusion.

As part of a pretransplant evaluation, CBF was
assessed by "Xe single photon emission computed
tomography (SPECT) and TCD in 12 CHF patients
and matched controls.” In the CHF patients, resting
CBF was 36 mL/min/100 g, which represented a sig-
nificant 31% reduction compared with 52
mL/min/100 g in the control patients. Resting mean
arterial pressures were also significantly lower in the
CHEF group (76 mm Hg vs 95 mm Hg). CBF and mean
arterial pressure values normalized within 1 month of
transplantation in the five patients who underwent
follow-up testing. In this study, TCD values were
somewhat more variable (lower) than SPECT values,
but not significantly so, at 36 cm/sec vs 49 cm/sec.
However, in another study of 22 patients who under-
went heart transplant, TCD velocities increased 53%
postoperatively, including 117% in one patient whose
increase in CBF was associated with symptoms of
hyperperfusion related to impaired cerebrovascular
reactivity (an inability to rapidly vasoconstrict when
impaired CBF has been rapidly corrected).”

The association of cognitive impairment with
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reduced LVEF is not linear but rather declines sharply
with LVEF less than 30%.’ In young patients with
end-stage CHE, cognitive impairment is associated
with elevated right atrial pressure, low stroke volume,
and low cardiac index.® These data support the theo-
ry that cognitive impairment in CHF results from
cerebral hypoperfusion. The cerebral autoregulatory
mechanisms that maintain CBF will begin to fail in
the setting of severe hypoperfusion.

[t is not clear how the autoregulatory curve shifts
in the setting of CHF and chronic hypotension.” It is
likely to be affected by diseases that alter the function
of arteriolar resistance vessels, such as hypertension
and diabetes (the classic risk factors for “small vessel
disease”), as well as advanced age. The capacity for
cerebral vasodilation is an important compensatory
mechanism to maintain CBF in the setting of reduced
cardiac output. The point at which this capacity
becomes exhausted would likely lead to ischemic
injury. This capacity, or cerebrovascular reactivity,
can be assessed by administering inhaled CO,. As a
potent cerebral vasodilator, CO, normally induces
immediate increases in CBF that can be measured
with TCD monitoring. Cerebrovascular reactivity
was demonstrated to be impaired in a group of 50
patients with CHF compared with age-matched and
normal controls, an impairment that was also signifi-
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cantly related to LVEF and New York Heart
Association (NYHA) class.

Cerebral abnormalities

Brain atrophy on magnetic resonance imaging (MRI)
studies is more common in CHF patients and corre-
lates with disease duration and cognitive perform-
ance. In several small neuroimaging studies of
patients with CHE brain atrophy was present in 77%.
In a comparison of 20 CHF patients and 20 age-
matched controls, brain atrophy affected cortical
structures in 50% of CHF patients vs 5% of controls,
ventricular enlargement occurred in 55% of the cases
and 15% of the controls, and cerebral infarcts were
evident in 20% of the cases and 0% of the controls.”
Wasting of other tissues—fat, muscle, and bone—
occurs in cardiac cachexia, but whether brain atrophy
is part of this wasting syndrome is unknown.”
However, brain atrophy has been demonstrated in
other similar chronic illnesses as well as in starvation
and eating disorders.

Hydrocephalus can result from the global loss of
tissue or specific loss of periventricular white matter
tissue in patients with CHE This hydrocephalus has
also occasionally been associated with a fluctuating
abulic syndrome similar to normal-pressure hydro-
cephalus syndrome. It is related to increased central
venous hydrostatic pressure and delayed resorption of
cerebrospinal fluid within the intracranial cavity dur-
ing or after treatment of an episode of cardiac decom-
pensation.”” The importance of recognizing this
behavioral and motor syndrome is that therapeutic
lumbar punctures can result in rather rapid improve-
ment with more gradual improvement in the neu-
roimaging abnormalities.

The volume loss exhibited in CHF patients does not
appear to occur in a random fashion. Volumetric analy-
ses have demonstrated significant, largely lateralized
loss of gray matter in areas related to the control of
autonomic and respiratory functions.” In a follow-up
study, functional MRI was used to image the sympa-
thetic outflow response to a cold pressor test.”
Aberrant responses in deep and cortical structures were
documented, many overlying or neighboring the previ-
ously demonstrated regions of gray matter damage. The
authors postulated that the aberrant functional neural
responses identified in CHF patients could contribute
to the progression of the pathology of CHE”

Cerebral metabolic abnormalities have also been
demonstrated on magnetic resonance spectroscopy
imaging, affecting the gray matter earlier and progress-
ing more rapidly than similar changes in periventricu-
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lar white matter. Loss of a specific neuronal marker, N-
acetylaspartate, in the occipital lobe was associated
with duration of CHF symptoms and CHF mortality.”

Sleep-disordered breathing
Half of CHF patients have sleep-disordered breathing,
40% due to Cheyne-Stokes respiration and central
apneas and 10% to obstructive apneas.”’ The disrup-
tion of sleep cycles leads to a reduction of restorative
sleep with daytime somnolence and cognitive impair-
ment. This pattern is important to recognize because
effective treatment for 1 to 3 months has been demon-
strated to improve quality of life and reduce symptoms
of daytime fatigue, inattention, and memory com-
plaints, as well as improving LVEF by 5% to 10%."
The presence of central breathing abnormalities
may also be an indicator of impending exhaustion of
CBF autoregulatory mechanisms. Cerebrovascular
reactivity was assessed by TCD monitoring during
hypocapnia (voluntary hyperventilation) and hyper-
capnia (20-second breath-holding) in CHF patients
with and without central sleep apnea.” Apnea patients
had poorer cerebrovascular reactivity, primarily due to
poor vasoconstrictor response during hypocapnia, and
smaller CBF surges after breath-holding. This impair-
ment was proposed to be the cause of the breathing
instability by causing ventilatory overshooting with
high PcO, and undershooting during low Pco,.

Depression and pseudodementia

Depression is reported by about half of CHF patients
and correlates with NYHA class and perceived con-
trol of their illness.’* Depression is significantly asso-
ciated with abnormalities on neuropsychological test-
ing, and may contribute to cognitive impairment
through poor attention and effort. Among young
patients with end-stage CHE 37% reported depres-
sive symptoms in a pretransplant evaluation.® Those
who went on to transplantation experienced some
reduction in anxiety, but both transplanted and non-
transplanted patients exhibited increased depression
over a mean follow-up of 3 years.®

Concomitant dementias

Cognitive impairment has been described in patients
after heart surgery, particularly those procedures that
require cardiopulmonary bypass or opening the cardiac
chambers. A clinically apparent confusional state or
encephalopathy identified by simple cognitive screen-
ing persists to the fourth postoperative day in 5% to
12% of patients, but 80% of cases resolve by dis-
charge."” However, detailed neuropsychological test-
ing reveals cognitive deficits in 35% to 75% of
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patients, strongly linked to age.” Persistent coma or
“failure to awaken” after heart surgery is fortunately
rare, at 0.2%." Patients with advanced CHF are also
at increased risk for malignant arrhythmias and car-
diac arrest. Overall, about 20% of CHF patients have
another cause for dementia, such as Alzheimer disease,
with or without an element of vascular dementia.’

Bl CONCLUSION

Cognitive impairment in CHF is common, affecting
half of all patients, and increases with the severity of
heart disease and advanced age. It is an important
predictor of disability, poorer quality of life, increased
frequency of hospital admissions, and mortality.
Cognitive screening should be routinely incorporated
into patient evaluations, particularly when poor com-
pliance is identified. The mechanism of cognitive
impairment is multifactorial, and multiple causes may
be present in any individual patient, which increases
the complexity of the evaluation but also offers the
possibility of multiple avenues for improvement.
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