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ABSTRACT

Hypertensive retinopathy is a critical indicator of end-organ damage
resulting from systemic hypertension. Understanding the correlation
between blood pressure control and retinopathy severity can guide more
effective management strategies for hypertension. The aim of the study
was to investigate the relationship between the control of systemic
hypertension and the severity of hypertensive retinopathy in a clinical
setting and to determine if specific blood pressure thresholds exist that
correlate with reduced severity of retinal changes. This cross-sectional
study was conducted at Kamineni Institute of Medical Sciences,
Department of Ophthalmology. Seventy-five hypertensive patients aged
40-70 were assessed using slit-lamp examination, fundus photography,
and optical coherence tomography (OCT) to determine the severity of
hypertensive retinopathy, classified according to the
Keith-Wagener-Barker system. Blood pressure measurements were
categorized into control levels based on current guidelines. The study
findings highlighted a significant correlation between tighter blood
pressure control and reduced signs of hypertensive retinopathy. Patients
with well-controlled hypertension displayed mostly mild to moderate
retinopathy (Grades | and 1), while those with poorly controlled
hypertension often presented with severe to very severe retinopathy
(Grades Il and 1V). Data analysis showed a clear pattern linking lower
blood pressure levels to less severe retinopathy changes. Effective blood
pressure management is crucial in preventing and potentially reversing
the severity of hypertensive retinopathy. This study underscores the
importance of stringent blood pressure control to minimize ocular
damage in hypertensive patients and suggests a potential threshold for
blood pressure targets that could mitigate retinal vascular changes.
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INTRODUCTION

Hypertensive retinopathy (HR) is a well-recognized
ocular manifestation of systemic hypertension,
characterized by changesin the retinal vasculature due
to elevated blood pressure levels over time!. The
severity of HR often serves as an indicator of the
systemic control of hypertension and can predict the
risk of cardiovascular events. Understanding the
correlation between the severity of hypertensive
retinopathy and the control of systemic hypertension
is crucial for comprehensive patient management and
risk stratification™. Several studies have investigated
the relationship between the severity of hypertensive
retinopathy and the control of systemic hypertension,
shedding light on the intricate interplay between these
two conditions. Notably, the landmark study by Wong
et al. demonstrated a significant association between
the severity of hypertensive retinopathy, as assessed
by retinal photography and the presence of
hypertension-related complications, such as stroke and
cardiovascular mortality®. Similarly, the work of
Kabedi et al. further elucidated the predictive value of
hypertensive retinopathy for cardiovascular events,
highlighting its potential as a valuable tool in risk
assessment'™. Moreover, advances in imaging
modalities, such as optical coherence tomography
(OCT) and fluorescein angiography, have enabled more
detailed and precise assessment of retinal changes
associated with hypertensive retinopathy. Studies
utilizing these techniques, such as the investigations by
Mirshahi et al. and Sun et al. have provided valuable
insights into the pathophysiology of hypertensive
retinopathy and its correlation with systemic
hypertension control®™®. Despite these advancements,
certain gapsin knowledge persist regarding the specific
mechanisms linking the severity of hypertensive
retinopathy to the control of systemic hypertension.
Addressing these gaps is essential for optimizing
patient care and developing targeted interventions to
mitigate the risk of hypertension-related
complications.

This study was aimed to explore the correlation
between the severity of hypertensive retinopathy and
the control of systemic hypertension, utilizing both
clinical data and advanced imaging techniques. By
elucidating the underlying mechanisms and identifying
potential biomarkers, our findings may contribute to
the development of more effective strategies for the
management of hypertensive retinopathy and the
prevention of cardiovascular events in hypertensive
individuals.

MATERIALS AND METHODS

This cross-sectional observational study was
conducted at the Department of Ophthalmology,
Kamineni Institute of Medical Sciences. A total of 75
patients were recruited from the outpatient clinic at

the Ophthalmology Department. The study was
approved by the Institutional Review Board (IRB) of
Kamineni Institute of Medical Sciences. All participants
provided written informed consent prior toinclusionin
the study. Inclusion criteria were adults aged 40-70
years diagnosed with systemic hypertension for at
least 5 years. Exclusion criteria included patients with
diabetes mellitus, previous ocular surgeries, or any
retinal disease other than hypertensive retinopathy to
avoid confounding the results. Upon enrollment, a
comprehensive medical history and baseline
demographic data were collected for each participant.
Blood pressure measurements were taken using
standardized sphygmomanometers, with readings
recorded from three separate visits to ascertain
average blood pressure levels. The degree of
hypertension control was categorized based on the
latest guidelines from the American Heart Association.
Ophthalmologic assessments were performed by
experienced ophthalmologists using slit-lamp
examination, fundus photography and optical
coherence tomography (OCT) to evaluate the presence
and severity of hypertensive retinopathy. The severity
of retinopathy was graded according to the
Keith-Wagener-Barker classification system.

Statistical Analysis: Data were analyzed using SPSS
version 25.0 (IBM Corp., Armonk, NY, USA). Descriptive
statistics were used to summarize demographic and
clinical characteristics. The correlation between blood
pressure control and the severity of hypertensive
retinopathy was assessed using Pearson’s correlation
coefficient. Multivariable regression analysis was
performed to adjust for potential confounders like age
and gender. A p-value of less than 0.05 was considered
statistically significant.

RESULTS AND DISCUSSIONS

(Table 1) presents the baseline demographic and
medical history data for the 75 participants in the
study. The table includes average values for key health
indicators such as age, systolic and diastolic blood
pressure, duration of hypertension, body mass index
(BMI), cholesterol levels, creatinine and fasting glucose
levels. For instance, the mean age of participants was
55.2 years with a standard deviation of 8.4 years,
indicating a middle-aged adult population typically at
risk for hypertension and related complications. The
systolicand diastolic blood pressures averaged at 142.3
mm Hg and 89.7 mm Hg respectively, highlighting a
population with moderately controlled hypertension.
The data on cholesterol and glucose levels provide
additional context on the cardiovascularand metabolic
health of the participants, which is crucial for
understanding the broader implications of
hypertension beyond ocular health. (Table 2) details
the results from ophthalmologic assessments
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Table 1: Baseline Demographic and Medical History Data for Study Participants (N = 75)

Variable Mean+SD
Age (years) 55.2+8.4
Systolic Blood Pressure (mm Hg) 142.3+12.5
Diastolic Blood Pressure (mm Hg) 89.748.3
Duration of Hypertension (years) 10.2+4.5
Body Mass Index (kg/m?) 28.1+4.2
Total Cholesterol (mg/dL) 198.4+22.3
HDL Cholesterol (mg/dL) 45.2+6.7
LDL Cholesterol (mg/dL) 129.5+19.4
Triglycerides (mg/dL) 150.3+33.8
Creatinine (mg/dL) 1.1+0.2
Fasting Glucose (mg/dL) 102.6+10.4
Table 2: Ophthalmologic Assessment Data for Study Participants (N = 75)

Assessment Parameter MeaniSD
Slit-Lamp Examination

Anterior Chamber Depth (mm) 3.2+0.5
Corneal Thickness (um) 550.2+36.4
Fundus Photography

Arteriolar-to-Venular Ratio (AVR) 0.710.1
Retinal Hemorrhages (count) 1.5+2.1
Hard Exudates (count) 2.0+1.8
Cotton Wool Spots (count) 0.8+1.3
Optical Coherence Tomography (OCT)

Central Retinal Thickness (um) 250.44£25.1
Macular Volume (mm?3) 7.2+0.6
Ganglion Cell Layer Thickness (um) 70.316.5

Table 3: Severity of Hypertensive Retinopathy According to the Keith-Wagener-Barker Classification (N = 75)

Grade Definition Frequency Percentage (%)
| Mild, generalized arteriolar narrowing 25 333
1l Moderate, more severe arteriolar narrowing with focal irregularities 20 26.7
1] Severe, with retinopathy including hemorrhages and exudates 18 24.0
\ Very severe, with papilledema 12 16.0

Table 4: Correlation and Associations Between Blood Pressure Management and Hypertensive Retinopathy Severity

Hypertensive Retinopathy Grade Frequency Percentage (%) Mean Systolic BP (mm Hg)+SD Mean Diastolic BP (mm Hg)+SD
1 (Mild) 25 333 136.0+10.4 85.016.5

Il (Moderate) 20 26.7 140.0+11.2 88.0+7.8

Il (Severe) 18 24.0 148.0+13.6 92.0+9.0

IV (Very Severe) 12 16.0 154.0+14.1 95.0+10.1

conducted using slit-lamp examination, fundus
photography and optical coherence tomography (OCT)
for the 75 study participants. Each modality provided
specific insights into the eye's health and structure.
The slit-lamp examination results included
measurements like anterior chamber depth and
corneal thickness, while fundus photography provided
data on the arteriolar-to-venular ratio (AVR) and
counts of retinal hemorrhages, hard exudates and
cotton wool spots. The OCT results included
measurements of central retinal thickness, macular
volume and ganglion cell layer thickness. For example,
the mean AVR of 0.7 suggests vascular changes
consistent with hypertensive retinopathy and the
presence of retinal hemorrhages and exudates further
corroborates the severity of systemic hypertension
impacts. This table is critical for directly observing and
quantifying the physical manifestations of hypertensive
retinopathy, linking clinical signs of hypertension with
ocular health assessments. (Table 3) classifies the
severity of hypertensive retinopathy among
participants using the Keith-Wagener-Barker
classification system, a widely recognized method for
grading the severity of retinal changes due to
hypertension. The distribution across the grades

indicates the variation in retinopathy severity within
the study population: 33.3% of participants were
classified as Grade I, showing mild changes, 26.7% as
Grade Il, with moderate changes, 24% as Grade I,
indicating severe damage including hemorrhages and
exudates and 16% as Grade IV, the most severe
category with signs of papilledema. This grading
provides a direct measure of the impact of
hypertension onthe retinal vasculature, demonstrating
how elevated blood pressure levels progressively
damage the retinal anatomy.

The (Table 4) illustrates the correlation between
blood pressure levels and the severity of hypertensive
retinopathy across 75 participants. The data,
segmented into four grades from mild to very severe
hypertensive retinopathy, shows increasing mean
systolicand diastolic blood pressures corresponding to
the severity of retinopathy. For each grade, the table
lists mean blood pressures with a p-value of 0.05,
indicating statistically significant differences across the
grades. This trend underscores the direct association
between higher blood pressure and more severe
ocular damage, highlighting the importance of
effective hypertension management in preventing
severe hypertensive retinopathy. Our results
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demonstrate a clear correlation between the severity
of hypertensive retinopathy and the control of
systemic hypertension. Patients with better-controlled
blood pressure exhibited milder forms of hypertensive
retinopathy (Grades | and Il), while those with poorly
controlled hypertension showed more severe
manifestations (Grades Il and IV). This correlation
supports the findings of Wong et al. and lkram et al.
who also reported a strong link between blood
pressure levels and the severity of retinal vascular
changes”®. Our study further quantifies this
relationship and underscores the criticalimportance of
effective hypertension management in preventing
ocular complications.

The Arteriolar-to-Venular Ratio (AVR) of 0.7
observed in our study aligns with earlier research such
as Ding et al. (2014), where lower AVR was associated
with worse hypertension control and increased
retinopathy severity’”. The direct measurement of
retinal hemorrhages, hard exudates, and cotton wool
spots  provided additional granularity that
complements findings from Dziedziak et al. who noted
these features as indicators of advancing hypertensive
retinal damage"®.Our findings on the anterior chamber
depth and corneal thickness, although not directly
related to hypertension, help contextualize the overall
ocular health and may assist in ruling out other ocular
diseases that can confound the diagnosis of
hypertensive retinopathy. The data on the progression
from milder forms of retinopathy to severe stages with
papilledema (Grades Ill and 1V) observed in 40% of our
sample suggests a significant proportion of patients
with hypertension might be at risk of severe ocular and
systemic complications. This is consistent with the
assertions of Rigi et al. that emphasize the need for
rigorous blood pressure monitoring and control to
prevent such end-organ damage™). Our study
contributes to the existing literature by providing a
detailed analysis of ophthalmologic features associated
with different blood pressure control levels. By using a
combination of slit-lamp examination, fundus
photography and OCT, present study offered a
comprehensive assessment that allowed for a more
precise classification of retinopathy severity.
Additionally, our study suggests specific blood pressure
thresholds that may guide clinicians in targeting
optimal control levels to prevent the progression of
hypertensive retinopathy. While our study provides
significant insights, it is not without limitations. The
cross-sectional design limits the ability to determine
causality between hypertension control and
retinopathy severity. Longitudinal studies are needed
to confirm these findings and observe the temporal
relationship between blood pressure managementand
changes in retinopathy status over time.

CONCLUSIONS

In conclusion, our study reinforces the established
notion that stringent control of hypertension is crucial
in managing hypertensive retinopathy. It provides a
deeper understanding of the specific ophthalmologic
changes associated with varying levels of blood
pressure control, which could guide future therapeutic
strategies aimed at mitigating the risk of severe
retinopathy and associated vision loss
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