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Heart failure (HF) patients frequently develop brain deficits that lead to cognitive dysfunction (CD), which may ultimately
also affect survival. There is an important interaction between brain and heart that becomes crucial for survival in patients
with HF. A combined magnetic resonance imaging of brain/heart can reveal early pathophysiologic changes.
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| 1. Brain Anatomy and Function in HF

The critically attained threshold of cerebral hypoperfusion (‘CATCH’) theory supports the fact that aging in conjunction with
vascular risk factors leads to chronic cerebral hypoperfusion and increased risk of Alzheimer’s disease (AD) . Reduced
myocardial contractility, commonly found in Heart failure (HF), leads to a decreased forward flow with concurrent decline
in brain perfusion. Cerebral blood flow (CBF) reduction is further compounded by the negative action of other co-
morbidities, such as hypertension, diabetes, sleep apnea and depression [&. In HF patients, there is evidence of reduced
CBF to bilateral hippocampus, parahippocampal gyrus and right posterior cingulate cortex B4, regions usually associated
with AD. Furthermore, HF patients have up to 31% reduction in resting CBF compared with age-matched healthy controls
B, Finally, patients with mild-to-moderate HF had reduced blood flow velocity of the middle cerebral artery, compared to
healthy controls (47.3 versus 56.1 cm/s, respectively) 8. However, the reasons of brain hypoperfusion in HF include not
only the low cardiac output, due to HF, but also the compromised cerebral autoregulation 2. Carbon dioxide levels were
fluctuated in patients with either acute or chronic HF and were inversely related to left ventricular end-diastolic pressures,
leading to constriction/dilatation of central nervous system (CNS) blood vessels &, Additionally, cerebrovascular reactivity,
measured by the response of cerebral vasculature to high levels of carbon dioxide, becomes abnormal. Using transcranial
Doppler to estimate CBF velocities, it was demonstrated that, whereas HF patients had baseline flow velocities
comparable to normal controls, their response to the hypercapneic state, which produces vasodilation and increased flow,
was decreased. Furthermore, alterations in cardiac hemodynamics, irrespective of cardiovascular risk factors and co-
morbidities, are linked to reduced brain function. Interventions to maintain cardiac function in old age might have
implications for preservation of brain function; therefore, physicians in charge of HF treatment should also take under
consideration patients’ brain status and cognitive function. This is in agreement with recent recommendations by the AHA
that cardiovascular risk factors lead to vascular cognitive impairment . Finally, Heart Transplantation leads to a
significant improvement in CBF, which is usually accompanied by improved cognitive performance in heart transplant
patients 4,

The mental disturbances associated with HF include attention and learning deficits, memory loss, cognitive dysfunction
(CD) and, to a lesser degree, language impairment and reduced visual-spatial performance B, Furthermore, HF
patients have reduced cognitive function compared with matched controls B9 which remains reduced after
adjustment for age, socioeconomic status and education 221 CD predicted poor self-care in HF patients 111, and these
patients are less likely to follow their medical regimens 43l Therefore, CD is a risk factor for HF decompensation,
increased readmissions and mortality (131,

The evaluation of brain anatomy showed that both gray matter (GM) and white matter (WM) alterations are common in HF
[14115] and can be either diffuse or, most commonly, localized, leading to specific brain dysfunction LQZ4I1SI161L7|[18][19]

These changes were not limited only to severely decompensated HF, but they were also seen in stable HF, with subtle CD
that was detectable only through specific cognition tests 19,



| 2. Pathophysiology of Brain Dysfunction in Heart Failure
2.1. The Role of Reduced CBF

Although CBF has been considered as the main causative factor of brain lesions in HF, reduced CBF cannot serve as the
only explanation for cortical GM loss, where the vasculature is rich. In contrast, cardiovascular risk burden is the main
cause for this . HF and ischemic heart disease [IHD] patients have a similar pattern of GM loss compared with
individuals with no heart disease, proving that these structural changes are related to common risk factors 18,
Furthermore, despite the similar pattern of brain injury, recent data showed that HF patients suffered GM loss in specific
regions that was much more extensive than that observed in either IHD patients or healthy controls [4. In addition, white
matter hyperintensities [WMH] remained significantly more common in HF patients, even after correction for age, IHD and
coronary artery disease (CAD) risk factors 14l Therefore, it seems that, although there is a strong association between
reduced CBF, increased CVD risk burden and high prevalence of brain injury found in HF, brain damage cannot be
explained exclusively by these factors.

2.2. The Neurohormonal Axis

The neurohormonal axis in HF has a role in the interaction between HF, cognition and structural brain changes. Cortisol, a
stress-related hormone, can influence cognitive function. Cortisol levels were found to be increased in the saliva of
healthy volunteers with poor results in cognitive stress tests 2%, Furthermore, patients treated with cortisol performed
worse in specific cognitive tests, compared with those treated with the placebo 2. Although the results of these trials
show that transient high levels of cortisol can directly impair the cognitive function, other studies showed that prolonged
exposure to high cortisol levels can cause atrophy of specific brain regions, due to decreased neurogenesis 2. In this
context, significantly higher levels of cortisol were found in HF patients who experienced depression and CD, but not in
those free from these symptoms 23], suggesting that cortisol levels in HF might influence the development of CD.

2.3. The Inflammatory Axis

HF is a situation of increased inflammation and immune response that is usually triggered by myocardial injury 4. In
relevant trials (22, high levels of interleukin (IL)-6 and tumor necrosis factor-alpha were found in HF patients with CD and
depression, but not in HF patients free from these symptoms. Additionally, in other chronic inflammatory states, such as
rheumatoid arthritis, higher levels of circulating cytokines were related to significantly worse cognitive functions 28],
Notably, IL-6 receptors were found to reside specifically in areas such as the hippocampus and cerebral cortex and can
trigger an intracellular cascade, resulting in subsequent neuronal loss 4.

2.4. The Nutritional Deficiency

Keith et al. 28] showed that approximately one-third of hospitalized HF patients present thiamine deficiency. Additionally,
thiamine deficiency was suspected in only 20% of patients with histologically proven Wernicke-Korsakoff brain changes
(291 and the same might be hypothesized in HF. However, conclusive data regarding the role of thiamine deficiency in brain
involvement of HF patients are currently missing.

2.5. The Role of Depression

A complex interaction exists between HF, CD and depression. It was found that depression is associated with CD 2% and
anatomic brain changes B and is also related to higher levels of inflammatory 22l and neurohormonal 23 biomarkers that
are also prevalent in HF patients. Furthermore, an improvement in CD was noted in patients who were medically treated
for their depression [34. However, further studies are needed to fully clarify the role of depression in CD presented in HF.

2.6. The Role of Atrial Fibrillation (AF)

There is evidence that AF is associated with a higher risk of cognitive impairment and dementia, with or without a history
of clinical stroke. AF increases the risk of clinical stroke by four- to five-fold, and patients with a clinical history of stroke
are at increased risk of developing dementia. However, AF is also associated with cognitive dysfunction, ranging from mild
impairment to overt dementia, independently of clinical stroke as well as multiple shared risk factors. It is also well
established that AF and cognitive impairment share common risk factors, including advanced age, diabetes, hypertension,
sleep apnoea and chronic heart failure. Moreover, a significant increase of 34% was found in the risk of cognitive
impairment in patients with AF in the absence of clinical stroke, even after adjustment for shared risk factors 32,



2.7. The Role of Myocardial Infarction (Ml)

The recently identified association between unrecognized MI and cerebral infarction suggests that unrecognized MI may
be a novel risk factor for cardiac embolism and cerebral infarction 38,

2.8. The Role of Heart Failure (HF)

HF is linked to an increased risk of thrombosis, leading to sudden death, stroke, systemic thrombo-embolism and/or
venous thrombo-embolism. There is the risk of stroke, possibly silent, in patients with HF, even in the absence of atrial
fibrillation, which may lead to cognitive dysfuncion in patients with atrial fibrillation.

In HF patients with reduced left ventricular ejection fraction who are in sinus rhythm, there is no evidence of an overall
benefit of vitamin K antagonists (e.g., warfarin) on mortality, with risk of major bleeding. In contrast, risk factors associated
with increased risk of thrombo-embolic events should be identified and the decision about the use of anticoagulation
should be individualized. New oral anticoagulants that offer a different risk-benefit profile compared with warfarin may be
an interesting alternative, but this would need to be confirmed in clinical trials 37,

| 3. Brain Imaging in Heart Failure

Neuroimaging includes the application of various modalities to directly or indirectly image the structure, function or
pharmacology of the brain 4 and falls into two broad categories:

1. Structural imaging
This deals with brain structure and the diagnosis of large-scale intracranial disease, such as tumor or injury.
2. Functional imaging

This is used to diagnose metabolic diseases and fine lesions such as those found in AD as well as for neurological and
cognitive-psychology research. Functional imaging allows the direct visualization of brain information processing through
the “lights up” of the involved area.

The commonest methods to evaluate the brain include:
« Electroencephalography (EEG)

EEG is used to show brain activity in certain mental states, such as alertness or drowsiness. It is useful in the diagnosis of
seizures and other medical problems involving an overabundance or lack of activity in certain parts of the brain =8I,

« Positron Emission Tomography (PET)

Positron emission tomography (PET) scan measures the glucose levels in the brain to illustrate where neural firing is
present and is based on the fact that active neurons use glucose as fuel. During the scan, a tracer attached to radioactive
isotopes is injected into the blood, and when parts of the brain become active, blood containing the tracer is sent to deliver
oxygen. This creates visible spots, which are collected by detectors and used to create images of the brain, while the
patient performs a particular task. However, PET can detect only generalized areas of brain activity and not specific
locations and is very expensive. A study assessing the heart-brain axis with cardiac and brain 8F-FDG PET/CT imaging
in HF patients showed that the global and regional brain metabolic activity was significantly associated with the extent of
hibernated myocardium (HM) and cardiac function B,

+ Magnetic Resonance Imaging (MRI)

MRI and functional magnetic resonance imaging (fMRI) are the most commonly used modalities in neuropsychology. MRI
uses strong magnetic fields to align spinning atomic nuclei (usually hydrogen protons) within body tissues, then disturbs
the axis of rotation of these nuclei and observes the radiofrequency signal generated as the nuclei return to their baseline
status. Through this process, MRI creates images of the brain structure. It is noninvasive and can be used safely in
patients with MRI compatible devices, cardiac valves and coronary artery stents. The most important disadvantage is that
the patient has to stay still for long periods of time in a noisy, narrow space until the imaging has been accomplished.

It has been found that the CD, demonstrated in HF patients, is related to gray matter density (GMD) loss in the anterior
cingulate, lateral and medial frontal cortex, regions that play an important role in strategic thinking B&. Furthermore,



despite the similar pattern of brain injury, recent data showed that HF patients had GM loss in specific regions that was
much more extensive than that observed in either CAD patients or healthy controls 29, n addition, Vogels et al. 13
showed that HF patients free from stroke, dementia or depression had a higher prevalence of WMH on brain MRI.
Although WMH were previously considered the result of aging or increased cardiovascular risk burden LAIEl they
remained significantly more prevalent in HF patients, even after correction for age, IHD and its risk factors 18, Cardiac
dysfunction contributes independently to the development of cerebral MRI abnormalities in patients with HF. Age and low
left ventricular ejection fraction (LVEF) are the principal predictors of WMH in patients with HF and in cardiac controls 12,
Furthermore, MRI brain scans, performed in dilated cardiomyopathy patients, showed significant structural brain changes,
compared with normal controls, even though patients with IHD risk factors were specifically excluded from the study 22,
Finally, diminished GMD was found in wide brain regions, including the whole fronto-median cortex as well as
hippocampus and precuneus, that might promote CD development 23], This reduced GMD was correlated with decreased
LVEF and increased NTproBNP 141,
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