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Cil: Zkoumat vztah mezi morfologickymi a funkénimi zménami mozku versus ejekéni frakei levé komory
a funkeni tfidou chronického srdec¢niho selhani.
Material a metody: U 54 pacient( s chronickym srdecnim selhanim tfidy II-1V ischemické etiologie byly pro-
vedeny kognitivni testy, echokardiografické vysetfeni a vySetieni mozku nuklearni magnetickou rezonanci.
Vysledky: Se zvysujici se funk¢ni tfidou chronického srde¢niho selhani Ize pozorovat nizsi kognitivni skore
V a VIl podle Wechslerovy 3kaly, fidsi Sedou hmotu v parietdlnim laloku, mensi objem hipokampu, nizsi
difuzni koeficient molekul vody v Sedé hmoté parietdlni a okcipitdlni oblasti a mensi sitku dolnich stopek
stfedniho mozku. Srovnavaci analyza parametrl centrdlni nervové soustavy u pacientu s chronickym srdec-
nim selhdnim a rznymi hodnotami ejekéni frakce levé komory neprokazala statisticky vyznamné rozdily.
Zavér: Nase vysledky potvrzuji vyznam funkéni tidy chronického srde¢niho selhani jako ukazatele kognitivni
dysfunkce a patologickych zmén v $edé i bilé hmoté, zatimco ejekéni frakce levé komory je zjevné méné
uziteCnym parametrem.

© 2021, CKS.

ABSTRACT

Objective: To study the relationship between the cerebral morpho-functional changes and left ventricular
ejection fraction and functional class of chronic heart failure.

Materials and methods: The cognitive tests, echocardiography, and brain nuclear magnetic resonance imag-
ing were performed in 54 patients with class II-1V chronic heart failure of ischemic origin.

Results: While the functional class of chronic heart failure is increased, lower Wechsler V and VIl cognitive
scores, thinner parietal gray matter, smaller hippocampal volume, lower diffusion coefficient of the water
molecules in the parietal and occipital white matter, and lower middle cerebellar peduncle width are ob-
served. The comparative analysis of the central nervous system parameters in patients with chronic heart
failure with various left ventricular ejection fraction revealed no significant differences.

Conclusion: The results confirm the significance of the chronic heart failure functional class to be as a mar-
ker of cognitive dysfunction and pathological changes both in gray and white matter, while left ventricular
ejection fraction is clearly less useful.
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Introducion

The increasing number of investigators pays their atten-
tion to extracardiac disorders, including central nervous
system (CNS) disorders, in patients with cardiovascular
diseases (CVD). These extracardiac CNS disorders include
the development or aggravation of existing cognitive
dysfunction.™®

Our previous studies demonstrated the significant
correlation between the severity of chronic heart fail-
ure (CHF) and functional (cognitive functions) and mor-
phological (temporal, parietal, and occipital gray matter
thickness, middle cerebellar peduncle width, and diffu-
sion of the water molecules) status of the central nervous
system.”®

In modern cardiology, functional class (FC) and left
ventricular ejection fraction (LVEF) are the most common-
ly used parameters to determine the severity of CHF.>->1°
Generally, while LVEF is decreased, FC is increased, but the
correlation between FC and LVEF is not clearly defined.
Typically, the patients with low ejection fraction (<35%)
report no significant CHF symptom, while some patients
with heart failure characterized with relatively preserved
systolic function (LVEF 245%) have FC lll or even FC IV.

The objective of the study

To investigate the comparative relationships between
the cerebral functional and morphological changes and
factors most commonly used to determine the severity of
CHF: LVEF and FC.

Materials and methods

The study was conducted in accordance with the Good
Clinical Practice principles and was approved by the Lo-
cal Ethics Committee. The inclusion criteria were as fo-
llows: CHF developed on the background of confirmed
coronary heart disease (CHD); age <65 years old; use of
angiotensin-converting enzyme inhibitors or angioten-
sin receptor blockers and beta-blockers at a stable dose
for four weeks before enrollment. The patients who had
acute or subacute CHD; diabetes mellitus; cerebrovascular
accident (including in history); atherosclerotic plaques in
the arteries of the head and neck with hemodynamica-
lly significant stenoses (narrowing >50% of the arterial
lumen) by duplex ultrasound; dementia according to Mi-
ni-Mental Score Examination (MMSE) score; myocarditis;
thyroid dysfunctions; severe valvular defects, laboratory
results reflecting severe liver and kidney dysfunction;
other somatic disorders that, in investigator’'s opinion,
can be an independent cause of cognitive disorders; and
contraindications to nuclear magnetic resonance imaging
(NMRI); abused alcohol; administrated neurometabolic
and/or neurotrophic agents and any other substances
that directly or indirectly affect cognitive function, within
90 days before enrollment were excluded from the stu-
dy. History data and clinical examination results were en-
tered in the formalized medical history. If a patient had
decompensated CHF, he/she was included in the study 1

Table 1 - Primary clinical characteristics of the examined

patients (median and quartiles)

Patients with chronic

Parameter heart failure (n = 54)
Age, years 58.08 (53-63)

Males, n (%) 31 (58)

Height, cm 171 (160.5-174.5)
Body weight, kg 84.8 (74.5-95.5)

Left ventricular ejection fraction, % 48,5+16,7

Patients with ejection fraction <45%, %  48.2

Patients with functional class lI-1V, % 43.7

Previous myocardial infarction, n (%) 30 (55.4)

Arterial hypertension, n (%) 48 (88.3)

60.1 (35.7-86.1)
46.2 (20.6-68.7)

Coronary heart disease duration, months
Chronic heart failure duration, months

month after stabilization. All study tests were performed
in the mornings when the informed consent was signed.
Totally, 54 patients were enrolled. The primary clinical
characteristics of the examined patients are presented in
Table 1.

In addition to the common clinical laboratory tests,
standard electrocardiography (ECG) and echocardiog-
raphy were performed, and the following primary pa-
rameters were taken into account: left atrial end-systolic
dimension (LAESD), left ventricular end-diastolic dimen-
sion (LVEDD), and right ventricular end-diastolic dimen-
sion (RVEDD). In some cases, cycle ergometer and 24-hour
Holter monitoring were used to verify CHD. To assess the
CNS morphology, NMRI of the brain was used. NMRI was
performed using Philips Achieva 1.5 T device. The gray
matter (GM) thickness in the occipital, frontal, parietal
and temporal lobes, as well as volume of the right and
left hippocampus — parts of the limbic system involved
in formation of emotion and memory consolidation,
were measured. To investigate the white matter (WM),
the middle cerebellar peduncle width was determined. In
addition to the standard diffusion-weighted brain NMRI,
the diffusion coefficient (DC) of the water molecules in
the gray and white matter of the occipital, frontal, pari-
etal, temporal lobes and hippocampus were calculated.
The cognitive functions were assessed via Wechsler Ver-
bal and Nonverbal Scale of Ability (V and VIl subtests) and
Bourdon test (Dot Cancellation Test). To exclude demen-
tia, the Mini-Mental State Examination (MMSE) scale —
a brief scale assessing mental status, was used.

Statistical analysis

Categorical variables were summarized using frequencies
(%). The meanzstandard deviation was used for continu-
ous variables. The independent samples t-test was used
for continuous variables. Categorical variables were com-
pared using the chi-squared test or Fisher’s exact test, as
appropriate. The relationship between the functional and
morphological changes in the brain and LVEF and CHF FC
were analyzed using nonparametric correlation (Kendall
test) and canonical analyses. A p-value <0.05 was taken as
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Table 2 - Cognitive measures and nuclear magnetic resonance imaging parameters of the brain in patients with FC Il and FC llI-IV

(median and quartiles)

Parameter

Age, years

Wechsler V, scores

Wechsler VII, scores

Bourdon test (vigilance), units

Bourdon test (time spent), characters per minute
Frontal gray matter thickness, mm

Parietal gray matter thickness, mm

Occipital gray matter thickness, mm

Temporal gray matter thickness, mm

Right hippocampal volume, cm?

Left hippocampal volume, cm?

Diffusion coefficient in the frontal gray matter, m?/s
Diffusion coefficient in the parietal gray matter, m%s
Diffusion coefficient in the occipital gray matter, m%s
Diffusion coefficient in the temporal gray matter, m%/s

Diffusion coefficient in the right hippocampal
gray matter, m%s

Diffusion coefficient in the left hippocampal
gray matter, m%/s

FCII (n = 30)
54.4

10.75 (10.91-12.59)
39.83 (42.71-44.66)

0.89 (0.87-0.93)

115.63 (106.86-124.40)

4 (3.5-4)

3.5 (3.5-4)

3.5 (3-4)

4 (4-4.5)

5.54 (4.30-6.40)
5.02 (4.25-5.81)
0.44 (0.39-0.45)
0.44 (0.4-0.46)
0.47 (0.41-0.49)
0.45 (0.41-0.46)
0.37 (0.34-0.41)

0.37 (0.35-0.41)

FC IV (n = 24)
54.6
9.09 (8.06-11.94)

32.78 (27.07-37.93)

0.83 (0.64-1.02)

111.82 (102.50-121.14)

3.5(3.5-4.5)
3(3-3.8)

3 (3-3.5)

4 (3.75-4)

4.26 (3.71-4.87)
4.38 (4.03-5.26)
0.39 (0.35-0.4)
0.43 (0.35-0.47)
0.44 (0.38-0.45)
0.43 (0.4-0.46)
0.34(0.31-0.37)

0.33 (0.29-0.36)

Significance level (p)
0.85
0.04
0.03
0.08
0.60
0.51
0.02
0.43
0.71
0.02
0.09
0.2
0.71
0.26
0.77
0.11

0.08

Table 3 - Cognitive measures and nuclear magnetic resonance imaging parameters of the brain in patients with left ventricular

ejection fraction >45% or <45% (median and quartiles)

Parameter

Age

Wechsler 5, scores

Wechsler 7, scores

Bourdon test (vigilance), units

Bourdon test (time spent), characters per minute
Bourdon test (accuracy), units

Frontal gray matter thickness, mm

Parietal gray matter thickness, mm

Occipital gray matter thickness, mm

Temporal gray matter thickness, mm

Right hippocampal volume, mm?

Left hippocampal volume, mm?3

Diffusion coefficient in the frontal gray matter, m?/s
Diffusion coefficient in the parietal gray matter, m%s
Diffusion coefficient in the occipital gray matter, m%s
Diffusion coefficient in the temporal gray matter, m%/s

Diffusion coefficient in the right hippocampal
gray matter, m%s

Diffusion coefficient in the left hippocampal
gray matter, m%/s

Patients with LV EF >45%

(n=28)

54.4

10.02 (9-12)
38.5 (32-47)
0.87 (0.84-0.93)
113.5 (112-125)
1.8 (1.25-2.6)

4 (3.5-4.5)

3.5 (3.5-4)

3.5 (3-4)

4 (4-5)

4.71 (4.02-5.51)
4.58 (4.04-5.26)
0.4 (0.35-0.45)
0.42 (0.37-0.47)
0.44 (0.41-0.49)
0.42 (0.39-0.46)

0.37 (0.32-0.41)

0.35 (0.33-0.38)

Patients with LV EF <45%

(n = 26)

54.6

9.54 (8-11)

34 (24-41)

0.87 (0.81-0.94)
108 (102-126)
1.6 (0.97-3.6)
3.5 (3.5-4.7)
3.5 (3-4)
3(3-3.5)

4 (4-4.5)

4.65 (3.93-5.14)
4.57 (3.41-5.37)
0.44 (0.37-0.48)
0.43 (0.37-0.46)
0.44 (0.38-0.49)
0.43 (0.4-0.47)

0.34 (0.31-0.38)

0.35 (0.32-0.39)

Significance level
(p)
0.94
0.36
0.74
0.22
0.14
0.46
0.24
0.52
0.43
0.41
0.88
0.98
0.23
0.71
0.29
0.87

0.25

0.92
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Table 4 — Middle cerebellar peduncle width and diffusion coefficient of the water molecules in the white matter in patients

with FC Il and FC llI-IV (median and quartiles)

Parameter

Middle cerebellar peduncle width, mm

Frontal water molecules diffusion coefficient, m%/s
Parietal water molecules diffusion coefficient, m%s
Occipital water molecules diffusion coefficient, m%s

Temporal water molecules diffusion coefficient, m%s

FC Il (n =30)

13 (12-14)

0.45 (0.41-0.47)
0.43 (0.35-0.46)
0.43 (0.41-0.45)
0.42 (0.40-0.47)

FCII-IV (n = 24)
11.5 (12-14)

0.40 (0.35-0.46)
0.38(0.28-0.44)
0.37 (0.31-0.43)
0.38 (0.30-0.44)

Significance level (p)
0.04
0.11
0.02
0.04
0.06

Table 5 - Middle cerebellar peduncle width and diffusion coefficient of the water molecules in the white matter in patients with CHF

depending on left ventricular ejection fraction value (median and quartiles)

Parameter

Middle cerebellar peduncle width, mm

Diffusion coefficient in the frontal white matter, m%/s
Diffusion coefficient in the parietal white matter, m%s
Diffusion coefficient in the occipital white matter, m?/s

Diffusion coefficient in the temporal white matter, m%/s

Ejection fraction >45%

(n =28)

13 (12-14)

0.44 (0.37-0.45)
0.42 (0.32-0.46)
0.43 (0.33-0.45)
0.41 (0.36-0.44)

Ejection fraction <45%

(n=26)

13 (11-14)

0.47 (0.31-0.51)
0.43 (0.34-0.45)
0.43 (0.37-0.46)
0.43 (0.35-0.47)

Significance level (p)

0.23
0.29
0.34
0.46
0.28

an indicator of statistical significance. A statistical analysis
was carried out using the Statistica, Version 8.0.

Results

We calculated the mean cognitive scores and NMRI para-
meters of the gray matter separately for patients with FC
Il and FC IlI-IV. The results are presented in Table 2.

As shown in Table 2, the patients with FC llI-IV have
significantly lower Wechsler V and VIl scores. Moreover,
the patients with FC llI-IV have thinner parietal gray mat-
ter. The results confirm the significance of FC for the se-
verity of caused extracardial systemic disorders.

The comparative analysis of changes in CNS param-
eters in patients with CHF characterized with relatively
preserved systolic function (EF 245%) and in patients with
CHF with reduced systolic function, revealed no signifi-
cant differences (Table 3).

The similar results were obtained when the signifi-
cance of differences between cognitive scores and brain
NMRI parameters in patients with heart failure with EF
<35% and EF >35% were evaluated.

The medians and quartiles of the middle cerebellar pe-
duncle width and diffusion coefficient of the water mol-
ecules in the white matter were calculated separately for
patients with FC Il and FC IlI-IV. A number of significant
differences were observed. The results and significance of
differences between patients with FC Il and FC llI-IV are
presented in Table 4.

In patients with FC IlI-1V, lower diffusion coefficient of
the water molecules in the parietal and occipital white mat-
ter and lower middle cerebellar peduncle width were found.

Additionally, we performed a comparative analysis of
the middle cerebellar peduncle width and diffusion co-
efficient of the water molecules in the white matter in
patients with LVEF >45% and in patients with LVEF <45%,

but no significant differences between these groups were
noted (Table 5).

Moreover, the parameters characterizing the white
matter were not significantly differed in CHF patients
with EF <35% and EF >35%.

The results confirm the significance of the CHF func-
tional class to be as a potential sign of more severe cog-
nitive dysfunction and pathological brain changes both
in gray and white matter, while left ventricular ejection
fraction is clearly less useful.

Discussion

According to our data, the higher functional class of CHF
corresponded to the worse results of cognitive tests. The
influence of CHF on the “substrate” of intelligence, may
be clarified analyzing the relationship between the seve-
rity of CHF and the status of the gray matter. Our patients
with higher CHF FC had smaller thickness of the parietal
gray matter.

It seems logical to explain that a more pronounced
CHF corresponds with a more severe violation (deterio-
ration) of the cerebral blood flow, probably, leading to
the subsequent atrophy of the cerebral cortex. The latter
obviously plays an important role in reducing the cogni-
tive abilities. To some extent, our results are similar to the
data obtained by Mary A. Woo, who described decreased
volume of temporal gray matter and basal nuclei while
CHF is progressed." Given the correlation between CHF
FC and the status of the parietal lobes and, to some ex-
tent, occipital lobes, it is possible to assume that these
lobes are the most “sensitive” to the deterioration of
gray matter perfusion caused by CHF. Obviously, this is-
sue should be investigated.

The observed decrease in the middle cerebellar pe-
duncle width associated with increasing severity of CHF,
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may indicate some white matter atrophy mediated by
CHF. It is possible that this atrophy associated with de-
creased number of nerve fibers and an increase in inter-
fiber spaces improves the diffusion of water molecules in
these spaces and increases the molecular velocity. In ad-
dition, hypoperfusion affects the integrity of the blood-
brain barrier, causes extravasation of plasma components
into the vascular wall and adjacent areas of the brain
accompanied with perivascular edema and activation of
microglia.>'? Moreover, the patients with CHF may have
perivascular vasogenic edema due to impaired intracrani-
al venous outflow in case of right ventricular heart failure
and consistently progressive hyperactivation of the renin-
angiotensin-aldosterone system which leads, among oth-
ers, to increased vascular permeability.>'>'3

In addition, elevated thrombin/antithrombin complex,
beta-tromboglobulin, and D-dimer levels are detected in
patients with CHF, which contributes to the hypercoagu-
lation™ and suggests a possible role of cerebral microem-
bolism in the development of cognitive dysfunction.™

Therefore, perivascular white matter edema and hy-
percoagulation may be important factors for white mat-
ter pathology in case of cerebral microangiopathy which
develops in CHF. It is reasonable to conduct more exten-
sive trials, including morphological ones, to clarify the re-
sults of this study.

Since the patients with reduced and moderate/pre-
served LVEF were not significantly differed in the func-
tional and morphological changes in the brain, it can be
concluded that the clinical signs of CHF and its severity
are more reliable markers of cognitive impairment and
structural changes in the central nervous system in pa-
tients with coronary heart disease compared to instru-
mental evaluation of systolic heart dysfunction.

Study limitations

It should be noted that in this work we have analyzed
data from a relatively small number of patients, and the-
refore it is necessary to perform a larger study.

Conclusion

The results demonstrate that LVEF, with all its important
prognostic value, is a parameter reflecting systolic dys-
function, and does not always accurately correlate with
the severity of heart failure. Probably, FC can serve as
a more accurate measure of cognitive dysfunction and
cerebral pathological changes. Perhaps, this is due to the
fact that FC, along with assessing the clinical severity of
CHF, allows to evaluate, to some extent, the degree of
its compensation. The sufficiency of CHF compensation
mechanisms plays a significant role in the severity of its
clinical manifestations, including the influence on the
central nervous system. In particular, the circulatory fai-
lure caused by decreased LVEF can be compensated, to
a certain extent, by the various local (autoregulation of
cerebral blood flow) and common (metabolic adaptati-
on and others) mechanisms. In this case, FC reflects more
accurately the degree of such compensation and clearly

characterizes not only physical capacity but also (indirect-
ly) cognitive ability.
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