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ABSTRACT | Purpose: To comparatively evaluate the subfoveal
choroidal thickness and the peripapillary retinal nerve fiber
layer thickness in patients with chronic heart failure relative to
control subjects. Methods: A total of 72 chronic heart failure
patients and 40 healthy control subjects were enrolled in this
study. The patients were categorized into 2 groups: group 1:
patients with 30-50% left ventricle ejection fraction and group 2:
patients with the corresponding fraction value of <30%. The
subfoveal choroidal thickness and the peripapillary retinal nerve
fiber layer thickness were measured by spectral domain-optical
coherence tomography. Results: The mean subfoveal choroidal
thickness was 250.24 + 68.34 pum in group 1 and 216.72 +
71.24 um in group 2, while it was 273.64 + 77.68 um in the
control group. The differences among the 3 groups were statis-
tically significant. The average peripapillary retinal nerve fiber
layer thicknesses were 100.34 + 8.24,95.44 + 6.67,and 102.34
+ 8.24 um, respectively. No significant differences were noted
in the peripapillary retinal nerve fiber layer thicknesses between
group 1 and control group, but it was significantly lower in group
2. Conclusion: Our study thus revealed that the subfoveal
choroidal thickness was lower in patients belonging to both the
chronic heartfailure groups in comparison to those in the control
group. However, the alteration in the peripapillary retinal nerve
fiber layer thickness was noted in only patients with <30% left
ventricle ejection fraction. In the clinical practice, reductions
in these values are correlated with decreased left ventricle
ejection fraction, which may be important for the follow-up of
chorioretinal diseases and the evaluation of glaucoma risks in
patients with chronic heart failures.
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RESUMO | Objetivo: O objetivo do nosso estudo foi avaliar a
espessura coroidal subfoveal e a camada peripapilar de fibras
nervosas da retina em pacientes com insuficiéncia cardiaca crénica,
em comparagdo com um grupo de controle. Métodos: Setenta e
dois pacientes com insuficiéncia cardiaca crénica e 40 controles
saudaveis foram inscritos. Os pacientes com insuficiéncia cardiaca
cronica foram divididos em dois grupos, de acordo com a fragdo
de ejecao do ventriculo esquerdo. Pacientes com fragao de ejecao
do ventriculo esquerdo de 30-50% foram incluidos no grupo 1,
enquanto valores de fracdo de ejecdo do ventriculo esquerdo
inferiores a 30% foram incluidos no grupo 2. A espessura coroidal
subfoveal e a espessura da camada peripapilar de fibras nervosas
da retina foram medidas por tomografia de coeréncia ptica de
dominio espectral. Resultados: A espessura média da coroide
subfoveal foi de 250,24 + 68,34 pm no grupo 1, 216,72 + 71,24
um no grupo 2 e 273,64 + 77,68 pm no grupo controle. As dife-
rengas entre os trés grupos foram estatisticamente significativas.
A espessura média da camada peripapilar de fibras nervosas da
retina foi de 100,34 + 8,24 um, 95,44 + 6,67 um e 102,34 +
8,24 um, respectivamente. Nao houve diferenca significativa na
espessura da camada peripapilar de fibras nervosas da retina
entre o grupo 1 e o grupo controle, mas os valores foram signi-
ficativamente menores no grupo 2. Conclusao: Nosso estudo
mostrou que a espessura coroidal subfoveal foi menor em ambos
os grupos de insuficiéncia cardiaca cronica, em comparagao
com controles saudaveis. Porém, a camada peripapilar de fibras
nervosas da retina mostrou-se alterada apenas em pacientes com
menos de 30% da fragdo de ejecdo do ventriculo esquerdo. Na
pratica clinica, reducoes nesses valores, correlacionadas com a
diminuicao da fragdo de ejecdo do ventriculo esquerdo, podem
ser importantes para o acompanhamento de doengas coriorre-
tinianas e a avaliagdo dos riscos de glaucoma em pacientes com
insuficiéncia cardiaca cronica.

Descritores: Insuficiéncia cardiaca/complicagdes; Coroide/pa-
tologia; Tomografia de coeréncia 6ptica; Fibras nervosas; Retina
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INTRODUCTION

Heart failure is a pathophysiological state in which
abnormality in the cardiac function can result in failure
of the heart to pump the blood under normal cardiac
pressures at a rate that meets the requirements of the
metabolizing tissues™. The prevalence of chronic heart
failure (CHF) is gradually increasing and has been related
to high morbidity, mortality, and health care expendi-
ture. In the recent decades, significant advancements
have occurred in the medical and device treatment de-
velopments for heart diseases; however, the long-term
prognosis of CHF generally remains poor®.

The pathomechanism of CHF is not fully understood.
Some past evidence indicates that CHF is closely asso-
ciated with endothelial dysfunction and involve an ana-
logous pathophysiological process, including smoking,
obesity, diabetes, and hypertension®*. The reduction in
the cardiac output in CHF is associated with the com-
pensatory mechanisms of peripheral vasoconstriction
toward sustaining sufficient blood pressure®. Several
studies on eyes have reported a possible reduction in the
cerebral blood circulation or in the ophthalmic arterial
blood circulation; these reductions can be attributed to
CHF-associated hypoperfusion®®. The choroidal vas-
cular structures are primarily responsible for the blood
supply to the outer retinal layers, which are important in
the visual pathway®. For example, the choriocapillaris,
a highly fenestrated sinusoidal vascular plexus, is the
site of the greatest blood flow through the body, which
comprises up to 85% of the eye blood volume, and it
nourishes the outer portion of the retina"?. Consequen-
tly, any changes in the hemodynamic parameters asso-
ciated with CHF may affect the ocular fluid dynamics as
well as the composition and the blood vessels, retinal
tissues, and choroid. Vasoconstriction of the retrobulbar
vessels may cause instability of the blood flow in the
optic nerve head, while ischemia, followed by reperfu-
sion, is a known cause of oxidative stress and cell death
due to apoptosis. The peripapillary retinal nerve layer
(pPRNFL) loss may therefore be considered as a secondary
consequence of hypoperfusion in CHF.

The evaluation of choroidal tissues has become easier
with the advent of spectral domain optical-coherence
tomography (SD-OCT) technology. Several systemic
diseases are related to the alterations in the subfoveal
choroidal thickness (SFCT) and the pRNFL thickness
(pRNFLT)"-"¥. This study aimed to compare the SFCT
and RNFL values among patients with CHF and healthy
controls.
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METHODS

This cross-sectional study was conducted at the
Ophthalmology Department of the Kartal Dr. Lutfi Kirdar
Training and Research Hospital and at the Cardiology
Department of the Marmara University Faculty of Me-
dicine. The study protocol followed the tenets of the
Declaration of Helsinki and was approved by the local
ethics committee.

Patients with CHF were diagnosed by a cardiologist
with reference to the diagnostic criteria of the European
Society Cardiology, Congestive Heart Failure and Treat-
ment Guideline. The patients showing heart failure symp-
toms and with left ventricular ejection fraction (LVEF)
<50% (as assessed by echocardiography) were accepted
as CHF patients. These patients were categorized into 2
groups based on their LVEF values. The group 1 patients
had 30-50% LVEF, while group 2 patients had <30%
LVEF values. All CHF patients were compared with their
corresponding age- and sex-matched healthy controls.

Ophthalmic examinations

All subjects underwent a detailed ophthalmic exa-
mination that included testing for best corrected visual
acuity using the Snellen chart, intraocular pressure
measurement (IOP) with the Goldmann applanation
tonometry, slit lamp biomicroscopy, and dilated fundus
examination. The axial length (AL) was measured with
the 10L Master 500 (Carl Zeiss Meditec Inc., Jena, Ger-
many). The standard automated perimetry used the 30-2
SITA Program (Humphrey Visual Field Analyzer; Carl
Zeiss Meditec, Inc., Dublin, CA, USA). The parameters
of total deviation (TD), mean deviation (MD), and pat-
tern standard deviation (PSD) were also evaluated. The
mean ocular perfusion pressure (OPP) was calculated
by using the following formula: mean OPP=2/3 x mean
arterial blood pressure (MABP) - IOP"¥. The SCFT and
the pRNFLT were also determined by using SD-OCT
(Nikon RS-3000, Japan). All SD-OCT measurements were
performed by the same technician. All SFCT data, which
were determined as the axial distance from the RPE to
the outer choroid/sclera interface, were assessed by the
same ophthalmologist by enhanced-depth image (EDI)
scanning. The pRNFLT was determined by SD-OCT using
a 3.46-mm-diameter scan circle centered on the optic
disc. The pRNFLT values of 4 quadrants (N - nasal, T -
temporal, S - superior, and 1 - inferior), 6 sectors (N - nasal,
NS - nasal-superior, T - temporal, TS - temporal-superior,
and NI - nasal-inferior), and the global mean values (360
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degrees) were obtained. The average values for all qua-
drants were applied to statistical analyses.

Patients with high myopia (>6D), age macular dege-
neration, or advanced cataracts or those with a history
of retinal vascular disease, retinal dystrophy, retinal
surgery, or laser photocoagulation were excluded from
the study. In addition, patients with diabetes were ex-
cluded because of the potential effects on the choroidal
circulation and SFCT in them.

Cardiological examinations

The systolic blood pressure (SBP) and diastolic blood
pressure (DBP) of the subjects were determined by using
a sphygmomanometer with subjects in a sitting position.
The readings for SBP and DBP were obtained after the
subjects were seated for 10 min. The MABP was calcu-
lated according to the following formula: MABP=2/3 x
DBP + 1/3 x SBP.

Echocardiographic analysis was performed by using
the M mod, B mod, and two-dimensional (2D) Doppler
apparatus. LVEF was quantitatively estimated by the
Simpson method. The 2D echocardiographic evaluations
of the cardiac chamber quantifications and the LV’s sys-
tolic function were measured by an ultrasound system
(Epic; Philips Healthcare Medical Systems, Andover,
Massachusetts, USA) in accordance with the guidelines
of the American and European Societies of Echocar-
diography for cardiac chamber quantification’. The
standard echocardiographic views were obtained with a
3.5-MHz transducer for all subjects.

Statistical Analysis

The averages values of SFCT, pRNFLT, MD, PSD, OPP,
10P, and AL for both the eyes of each subject were pro-
cessed. All statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS version
22; Chicago, IL, USA). The normality of the data was
confirmed using the Kolmogorov-Smirnov test (p<0.05).
Continuous variables were expressed as mean value +
standard deviation (SD). An independent student’s t-test
and analysis of variance (ANOVA) were applied to com-
pare the variables among the groups. For the sample size
calculation, 38 patients with 30-50% LVEF, 34 with CHF
but <30% LVEF, and 40 healthy individuals from each
group were included in the determination of 2-point
difference in determining appropriate number (DAN)
scale, with a power of 80% and a significance level of
1%. The categorical variables among the groups were

analyzed by using the chi-square test. Pearson’s corre-
lation was applied to examine the relationships among
the measured variables. All results were considered to
be statistically significant at p=0.05.

RESULTS

A total of 38 eyes of 38 patients with CHF and 30-55%
LVEF (group 1) and 34 eyes of 34 patients with CHF and
<30% LVEF (group 2) were included in this study, and
their data were compared with those of 40 age- and sex-
-matched healthy eyes of 40 control subjects. The mean
age of group 1 patients was 64.63 + 5.43 years, that of
group 2 patients was 63.00 + 3.16 years, and that of
control group subjects was 64.08 + 2.84 years. No signi-
ficant differences were noted in the values of refractive
error, IOP, OPP, MD, PSD, AL, age, and sex among the
3 groups. The demographic and clinical information of
the patients and control subjects are given in table 1.

In the SFCT evaluation, statistically significant diffe-
rence was noted among the groups 1, 2, and healthy
controls (p<0.001). In post-hoc analysis, the mean SFCT
was 250.24 + 68.34 pmin group 1Tand 216.72 + 71.24 pm
in group 2; this difference was statistically significant.
The mean SFCT in the control group was 273.64 +
77.68 pm, which was significantly greater than that in
groups 1 and group 2. Figures 1A and 1B illustrate the
SCFT images from a healthy control and a group 1 patient.
The average pRNFLT was 100.34 + 8.24 um in group 1,
95.44 + 6.67 pm in group 2, and 102.34 + 8.24 yum

Table 1. Demographic and clinical data of the study population

Group 1 Group 2 Control
(n=38) (n=34) (n=40) p-value
Mean Age (year) 64.6 + 5.4 63.0 + 3.1 64.1 + 2.8 0.46*
Sex
Female 22 (57.8%) 24 (70.5%) 25 (62.5%) 0.58**
Male 18 (42.2%) 16 (29.5%) 15 (37.5%)
10P (mmHg) 153+ 1.5 16.8 + 1.8 179 + 1.7 0.67*
AL (mm) 22.9 £ 0.71 23.06 + 0.6 23.4 £ 0.8 0.72*
PSD (dB) 1.61 + 0.07 1.66 = 0.11 1.55 + 0.09 0.41*
MD (dB) -0.81 £ 0.05 -0.86 + 0.09 -0.76 £ 0.07  0.061*
SBP 114.2 £ 12.6 110.7 £ 11.3 118.6 £ 11.8 0.22%
DBP &35 == ©.7 E2.3 2 10.3 87.2 +£10.8 0.17*
OPP 47.1 + 8.5 45.02 + 6.7 47.27 £ 8.2 0.07*

Data are presented as mean + standard deviation. IOP= Intraocular pressure; AL=
Axial length; DBP= Diastolic blood pressure; MD= Median deviation; PSD= Pattern
standard deviation; OPP= Ocular perfusion pressure; SBP= Systolic blood pressure

*One-way ANOVA; **Chi-square test.
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Figure 1. A) SFCT measurement with spectral domain optic-coherence
tomography in a healthy control. B) SFCT measurement in a patient with
30-50% LVEF value (Group 1).

in the control group. Figures 2A and 2B depict the pRNFLT
images of 1 subject each from the control group and
from group 2. The mean pRNFLT was significantly les-
ser in group 2 patients than in group 1 patients and the
control subjects (p=0.042 and p=0.036, respectively),
albeit the difference in the thicknesses between group 1
and the control group was not statistically significant.
Analyses of the pRNFL quadrants parameters revealed
that all quadrant thicknesses in group 2 were significan-
tly lesser than those in group 1 patients and control sub-
jects. The comparative analyses are depicted in table 2.

The correlation analysis was performed for the fac-
tors age, AL, 10P, LVEF, OPP for SFCT, and pRNFLT
and the quadrants of pRNFLT values in the CHF group.
Statistically significant correlation was noted between
the SFCT and the values of LVEF and age (r=0.498,
p=0.03, and r=-0.346, p=0.044, respectively). In addi-
tion, significant correlation was noted between pRNFLT
and age (r=-0.341, p=0.043). However, no significant
correlation was recorded between the pRNFLT and LVEF
(r=0.31, p=0.46).
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Significant univariate correlations in the presence
of CHF are listed under table 3. The receiver operating
characteristics (ROC) analysis revealed that a SFCT of
<250 um can predict the presence of CHF with a sen-
sitivity of 85%, specificity of 69.1%, positive predictive
value of 26%, and negative predictive value of 81%
(AUC = 0.80, p<0.001). The ROC analysis also revealed
that pRNFLT of <97 pum (sensitivity: 97.5%, specificity:
49.5%, positive predictive value: 34.0%, and negative
predictive value: 93%) indicates the presence of CHF.
Multivariate logistic regression analysis was accordingly
performed to demonstrate the independent predictors
of CHF in our study groups (Table 3).

DISCUSSION

We evaluated the SFCT and pRNFLT in patients with
CHF and compared these values with those of healthy
controls. The major findings of the present study are as
follows: (1) the mean SFCT was significantly lower in
both the CHF groups in comparison with that in the con-
trol group. Post-hoc analysis confirmed that the mean
SECT was significantly lower in patients with <30% LVEF
than in those with 30-50% LVEF. (2) The average pRNFLT
was significantly lower for patients with <30% LVEF as
compared with the other 2 groups.

Several recent studies have evaluated the choroidal
thickness in different ocular or systemic diseases®'®.
Because the choroidal blood flow is responsible for
nourishing the outer segment of the retina, it plays an
important role in the photoreceptor metabolic proces-
ses. A few studies have evaluated the effect of cardiovas-
cular diseases on the choroidal thickness. For example,
Ahmad et al. reported that the SFCT was thinner in
patients with a history of coronary artery diseases than
in healthy controls, which indicates that these findings
may predispose these patients to age-related macular
degeneration?. A recent study revealed that the values
of superficial and deep fovea, vessel density in all reti-
nal/choroidal layers, and choroidal flow area decreased
in optical coherence tomography angiography before
any clinical fundus sign were noted in patients with
coronary artery diseases, and the authors added that
retinal and choroidal microvasculature changes were
closely related to the presence of coronary artery and
branch stenosis"?.

Similarly, Altinkaynak et al. revealed that the SFCT
was lower in the eyes of CHF patients compared to that
in the eyes of healthy controls and also that the thin-
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Figure 2. A) The pRNFLT measurement in a healthy control, B) RNFL thickness in a patient with <30% LVEF value (Group 2).
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Table 2. Summary of statistical analyses for comparison of SCFT, pRNFLT (average), and quadrants of pRNFLT

Group 1 Group 2 Control p-value
SFCT pm 250.24 + 68.34*" 216.72 + 71.24¢ 273.64 + 77.68 0.001*
p RNFLT (average) um 100.34 + 8.24° 95.44 + 6.67° 102.34 + 8.24 0.02*
p RNFLT-superior um 113.22 + 8.45° 106.47 + 5.47¢ 115.78 + 4.23 0.01*
p RNFLT-inferior pm 111.50 + 8.76° 106.08 + 5.10° 115.00 + 6.68 0.01*
p RNFLT-nasal um 88.19 + 5.73* 83.81 + 5.88° 90.07 + 7.93 0.02*
PRNFLT-temporal pm 88.06 + 5.66° 83.72 + 6.37¢ 89.43 + 6.67 0.03*

Data are presented as mean + standard deviation. SFCT= Subfoveal choroidal thickness; p RNFL= Peripapillary retinal nerve fiber layer; *= One-way ANOVA test
Post-hoc analysis (Tukey).

2= statistical difference between Groups 1 and 2.

b= statistical difference between Group 1 and Control.

°= statistical difference between Group 2 and Control.

Arg Bras Oftalmol. 2021;84(5):467-73 471
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Table 3. Univariate and multivariate analyses for selected clinical and SD-OCT variables toward determining CHF

Univariate logistic regression Multivariate logistic regression

p-value oD 95% C1 p-value OR 95% Cl
SFCT <250 pm <0.001 12.07 4.44-32.80 <0.001 8.77 3.00-25.64
PRNFLT <97 pm <0.001 36.89 4.80-283.16 0.002 25.5 3.17-206.02
Gender (Male) 0.65 1.19 0.55-2.60
Age 0.59 1.02 0.93-1.12

SFCT= Subfoveal choroidal thickness; p RNFL= Peripapillary retinal nerve fiber layer; OD= odds ratio; Cl = confidence interval.

ning of the SFCT was correlated with a decrease in the
LVEF levels. Although these authors did not specifically
evaluate the RNFL, they suggested that their findings
may be associated with a higher risk of development of
various chorioretinal diseases, such as diabetic retino-
pathy®?. Previous studies have shown that the choroidal
thickness decreases in patients with diabetes mellitus
and that the underlying choroidal vasculature changes
may be associated with the onset or progression of dia-
betic retinopathy®’. The choroidal thinning associated
with diabetes mellitus may also be related to tissue
ischemia and hypoxia. Moreover, it is known that the
coexistence of diabetes mellitus and heart failure is quite
high. Therefore, the knowledge about the presence of
additional CHF may be important for the management
of diabetic retinopathy considering that CHF may affect
the progression of this retinopathy.

To the best of our knowledge, this is the first study to
evaluate the pRNFLT in patients with CHF. The RNFL
thickness is a quantitative evaluation of the viable
ganglion cells in the axonal mass, and any alterations
in the RNFL can now be easily detected with the deve-
lopment of OCT. In clinical practice, the RNFL and SAP
measurements are generally applied for the diagnosis
and follow-up of glaucoma. Several studies have hypo-
thesized that optic nerve perfusion may be responsible
for the neurodegeneration observed in glaucoma and
also that a reduction in the optic nerve head perfusion
may be associated with glaucoma®*?¥. A previous study
demonstrated reduced diastolic velocity and increased
resistance index in the ophthalmic artery of patients
with CHF and also indicated that CHF could be a risk
factor for low ocular perfusion, which is considered to
be a risk factor for glaucoma®. In our study, we noted no
statistical differences among the 3 groups with respect to
their mean TD and PD values of SAP. The loss in RNFL
thickness was detected in only group 2, whereas group 1
and the control group showed similar RNFL thicknesses.
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The group 2 patients, who had a lower LVEF, may also
have a lower optic nerve perfusion pressure. The loss of
RNFL thickness in group 2 may therefore be associated
with their lower LVEF value. It is well known that, pro-
gressive RNFL thinning is predictive of functional decline
in glaucoma patients and that the pRNFLT has a greater
sensitivity than SAP test in the eyes with early glaucoma,
but not in those with moderate to advanced level of the
disease®®. We believe that our findings may be impor-
tant in pre-perimetric glaucoma detections for patients
with CHF. Freitas et al. evaluated the association betwe-
en CHF and optic nerve head alterations and found that
CHF is associated with lower OPP and glaucomatous
optic nerve head changes. However, they did not evalu-
ate RNFL with OCT, rather they used confocal scanning
laser ophthalmoscopy and found that the Moorfields
regression analysis was outside the normal limits in
27.6% eyes of the CHF patients, with 10% frequency of
glaucoma in the CHF group®. However, Lamparter et
al. evaluated the association between ocular, cardiovas-
cular, morphometric, and lifestyle parameters and the
RNFL thickness and found no relationship between the
RNFL and cardiovascular diseases. Nevertheless, they
did not indicate whether the subjects had CHF®°.

In correlation analyses, we found that the SFCT va-
lues were statistically significantly associated with the
LVEF, while the pRNFLT values were not (r=0.498, p=0.03
versus r=0.31, p=0.46). Our results are well-correlated
with those of a previous study. Altinkaynak et al. also de-
monstrated that the thinning of the SFCT was correlated
with a decrease in the LVEF levels®?. Our findings may
thus be explained by the vasoconstriction and chronic
ischemia mechanisms. For instance, vasoconstriction
may develop in the orbital and choroidal vessels in
response to low cardiac output, and, consequently, the
SECT and pRNFLT may be lower. Chronic tissue ischemia
caused by vasoconstriction in patients with CHF and
RPE atrophy and retinal nerve loss occur as a secondary
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concern, which explains the reason for the low SFCT
and pRNFLT. In addition, we found that SFCT <250 um
and pRNFLT <97 pum acted as independent predictors
of CHF in multivariate analyses. These SD-OCT parame-
ters are frequently applied in the diagnosis follow-up
and progression analyses of several diseases. Therefore,
it should be remembered that, chorioretinal diseases,
glaucoma, and optic nerve diseases may develop or
progress in patients with CHF.

Our study has some limitations. For instance, the size
of the study groups were relatively small. In addition,
a manual method was used to measure SFCT instead of
using an automated software program, which is more
reliable. Moreover, only SD-OCT was performed, with
the evaluation of the optic disc perfusion. We believe
that the use of ultrasound and/or optical coherence to-
mography angiography would be more appropriate for
studying perfusion in the future studies.

In conclusion, we found that the SFCT and the pRNFLT
decreased in accordance with the extent of heart failure.
In clinical practice, the knowledge about a patient’s
heart failure status when approaching a chosen treat-
ment for the chorioretinal disease is believed to increase
the effectiveness of the follow-up and the prognosis of
the disease.
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