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Abstract:

Aim: To evaluate the association between fundoscopic findings and maternal-fetal outcomes in preeclampsia and
to determine the predictive value of ocular manifestations in assessing disease severity and perinatal
complications.

Materials and Methods: This prospective observational study was conducted over 18 months in the Department
of Obstetrics and Gynecology. A total of 150 pregnant women diagnosed with preeclampsia (mild and severe)
were enrolled. Comprehensive fundoscopic examination was performed using direct and indirect
ophthalmoscopy. Maternal complications, fetal outcomes, and adverse perinatal events were documented.
Statistical analysis was performed using Chi-square test and Pearson correlation.

Results: Fundoscopic abnormalities were observed in 82 patients (54.67%). The most common findings were
arteriolar narrowing (45.3%), followed by hemorrhages (28.7%), cotton-wool spots (21.3%), and papilledema
(12%). Patients with fundoscopic changes had significantly higher rates of maternal complications (HELLP
syndrome: 26.8% vs 5.1%, p<0.001), preterm delivery (58.5% vs 28.2%, p<0.001), and adverse fetal outcomes
including TUGR (34.1% vs 8.9%, p<0.001) and low Apgar scores (31.7% vs 6.4%, p<0.001).

Conclusion: Fundoscopic findings serve as significant predictors of maternal and fetal complications in
preeclampsia. The presence of retinal changes correlates with disease severity and adverse perinatal outcomes.
Routine fundoscopy should be incorporated into the clinical assessment of all preeclamptic women to identify
high-risk cases requiring intensive management.

Keywords: Preeclampsia, Fundoscopy, Retinal Changes, Maternal Complications, Fetal Outcome, Hypertensive
Retinopathy.
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Introduction

With an estimated incidence of 3-8% of all placental perfusion, manifesting as arteriolar

pregnancies worldwide, preeclampsia remains a
leading cause of maternal and perinatal morbidity
and mortality, particularly in developing countries.
The pathophysiology involves placental
insufficiency, endothelial  dysfunction, and
widespread vascular inflammation, leading to multi-
organ involvement and dysfunction.

The ocular manifestations of preeclampsia are a
direct consequence of the underlying vascular
pathology and endothelial dysfunction characteristic
of this disease. The retina, being easily accessible for
clinical examination, serves as a valuable window
into systemic vascular changes occurring during
preeclampsia. Fundoscopic findings reflect the
degree of vascular involvement and correlate with
the severity of end-organ damage. The retinal
microvasculature undergoes characteristic changes
in response to severe hypertension and altered
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narrowing, vasospasm, retinal hemorrhages, cotton-
wool spots, hard exudates, choroidal ischemia, and
in severe cases, papilledema.

Early recognition of these fundoscopic changes is
crucial as they may precede clinical manifestations
of severe preeclampsia and indicate impending
complications such as eclampsia, HELLP syndrome
(hemolysis, elevated liver enzymes, and low platelet
count), and acute kidney injury [6]. Several studies
have demonstrated that the presence and severity of
fundoscopic findings correlate significantly with
maternal complications and adverse fetal outcomes,
including intrauterine growth restriction (IUGR),
preterm delivery, low birth weight, and neonatal
mortality [7].

The present study was undertaken to assess the
prevalence and pattern of fundoscopic findings in
preeclamptic women and to evaluate their
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association with maternal complications and fetal
outcomes. We hypothesized that the presence and
severity of fundoscopic changes would correlate
with disease severity and perinatal complications,
thereby serving as predictive markers for adverse
outcomes.

Materials and Methods

Study Design and Setting: This was a prospective
observational study conducted over an 18-month
period from January 2024 to June 2025. The study
was approved by the Institutional Ethics Committee,
and informed written consent was obtained from all
participants.

Study Population: The study included 150 pregnant
women aged 18-45 years diagnosed with
preeclampsia according to the revised classification
of hypertensive disorders in pregnancy. Patients
with mild preeclampsia (systolic BP 140-159 mmHg
or diastolic BP 90-109 mmHg with proteinuria) and
severe preeclampsia (systolic BP >160 mmHg or
diastolic BP =110 mmHg, or any elevation with
severe features) were included.

Exclusion criteria:  included: pre-existing
hypertension, diabetes mellitus, chronic kidney
disease, autoimmune disorders, previous retinal
pathology, active ocular inflammation, and women
with cloudy media precluding adequate fundoscopic
examination.

Data Collection: Maternal demographic
characteristics, obstetric history, and clinical
parameters including blood pressure, proteinuria,
serum creatinine, and liver enzymes were recorded
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at enrollment. Blood pressure was measured in the
sitting position after 5 minutes of rest. Proteinuria
was quantified by 24-hour wurine collection.
Complete blood count, liver function tests, and renal
function parameters were obtained.

Fundoscopic Examination: Fundoscopic findings
were classified as normal or abnormal and further
categorized according to Keith-Wagener-Barker
classification as:

¢ Grade 0: Normal fundus

e Grade 1: Arteriolar narrowing with increased
arteriovenous (AV) ratio

e Grade 2: Grade 1 changes plus AV nicking and
increased vascular tortuosity

e Grade 3: Grade 2 changes plus retinal
hemorrhages, cotton-wool spots, hard exudates

e Grade 4: Grade 3 changes plus papilledema
and choroidal ischemia

Outcome Variables

Maternal outcomes: included: eclampsia, HELLP
syndrome, acute renal failure, disseminated
intravascular coagulation (DIC), pulmonary edema,
cerebral hemorrhage, ICU admission, and maternal
mortality.

Fetal outcomes included: birth weight, Apgar score
at 1 and 5 minutes, intrauterine growth restriction
(IUGR), preterm delivery (<37 weeks), meconium
staining, neonatal resuscitation requirement, and
NICU admission.

Observation Tables

Table 1: Demographic and Clinical Characteristics

Demographic Characteristics With Fundus Changes | Without Fundus | p-
(n=82) Changes (n=68) value
Mean Age (years = SD) 284+4.6 27.8+42 0.361
Maternal BMI (kg/m? + SD) 26.8+3.2 254+29 0.028
Primigravida (%) 52 (63.4) 44 (64.7) 0.847
Multigravida (%) 30 (36.6) 24 (35.3) 0.847
Gestational Age at Diagnosis (weeks = SD) | 34.2+3.1 35.6+£2.8 0.018
Severe Preeclampsia (%) 68 (82.9) 32 (47.1) <0.001

Table 2: Prevalence and Classification of Fundoscopic Findings

Fundoscopic Findings Frequency (n=82) | Percentage (%) | Grade of Retinopathy
Arteriolar Narrowing 37 45.1 Grade 1-2

Arteriovenous (AV) Nicking 28 34.1 Grade 2

Retinal Hemorrhages 24 29.3 Grade 3

Cotton-wool Spots 18 22.0 Grade 3

Hard Exudates 16 19.5 Grade 3

Choroidal Ischemia (Elschnig Spots) 12 14.6 Grade 3-4

Papilledema 10 12.2 Grade 4

Blot and Flame Hemorrhages 14 17.1 Grade 3
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Table 3: Maternal Complications in Relation to Fundoscopic Findings

Maternal Complications With Fundus Changes | Without Fundus | p-
(n=82) Changes (n=68) value
Eclampsia (%) 18 (21.9) 229 <0.001
HELLP Syndrome (%) 22 (26.8) 344 <0.001
Acute Renal Failure (%) 14 (17.1) 1(1.5) <0.001
Disseminated Intravascular Coagulation (%) | 8 (9.8) 0(0) 0.003
Pulmonary Edema (%) 6(7.3) 0(0) 0.018
Cerebral Hemorrhage (%) 4 (4.9 00 0.058
ICU Admission (%) 32 (39.0) 4 (5.9) <0.001
Maternal Mortality (%) 2(2.4) 0(0) 0.191
Table 4: Fetal and Neonatal Outcomes in Relation to Fundoscopic Findings
Fetal and Neonatal Outcomes With Fundus | Without Fundus Changes | p-
Changes (n=82) (n=68) value
Preterm Delivery (<37 weeks) (%) 48 (58.5) 19 (27.9) <0.001
Intrauterine Growth Restriction (%) 28 (34.1) 6 (8.8) <0.001
Oligohydramnios (%) 18 (22.0) 4(5.9) 0.003
Mean Birth Weight (g = SD) 1940 + 420 2480 + 350 <0.001
Apgar Score <7 at 1 minute (%) 26 (31.7) 4(5.9) <0.001
Neonatal Intensive Care Admission (%) 36 (43.9) 8 (11.8) <0.001
Neonatal Mortality (%) 4 (4.9 0(0) 0.058
Mean Neonatal Hospital Stay (days + SD) | 8.3 £6.2 21+£1.8 <0.001
Results preeclampsia (82.9%) compared to those without
Demographic Characteristicss: Among 150 fundoscopic _changes (47.1%, p<0.001). The

pregnant women with preeclampsia, the mean age
was 28.1 £ 4.4 years (range: 19-43 years). The
majority were primigravida (64.0%), while 36.0%
were multigravida. Mean gestational age at
diagnosis was 349 + 3.0 weeks. Severe
preeclampsia was diagnosed in 100 patients
(66.7%), while 50 had mild preeclampsia (33.3%).

Prevalence of Fundoscopic Findings:
Fundoscopic abnormalities were observed in 82
patients (54.67%) out of 150 pregnant women with
preeclampsia. Among these, Grade 2 retinopathy
was the most common presentation (43.9% of those
with changes), followed by Grade 1 (21.9%), Grade
3 (26.8%), and Grade 4 (7.3%). The normal fundus
(Grade 0) was observed in 68 patients (45.33%).

The most frequently observed individual

fundoscopic findings were:

e  Arteriolar narrowing in 37 patients (45.1% of
those with changes)

e Arteriovenous nicking in 28 patients (34.1%)

e Retinal hemorrhages (blot and flame) in 24
patients (29.3%)

e  Cotton-wool spots in 18 patients (22.0%)

e Hard exudates in 16 patients (19.5%)

e Choroidal ischemia (Elschnig spots) in 12
patients (14.6%)

e Papilledema in 10 patients (12.2%)

Association Between Fundoscopic Findings and
Disease Severity: Patients with fundoscopic
changes had significantly higher rates of severe
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presence of Grade 3 or 4 retinopathy was almost
exclusively associated with severe preeclampsia
(97.6%).

Maternal Qutcomes: Women with fundoscopic
abnormalities experienced significantly higher rates
of maternal complications. Eclampsia occurred in 18
patients (21.9%) with fundus changes versus 2
patients (2.9%) without fundus changes (p<0.001).
HELLP syndrome was observed in 22 patients
(26.8%) with fundoscopic changes compared to only
3 patients (4.4%) without changes (p<0.001).

Fetal and Neonatal Qutcomes: Preterm delivery
(<37 weeks) occurred in 48 patients (58.5%) with
fundoscopic changes compared to 19 patients
(27.9%) without changes (p<0.001). Intrauterine
growth restriction was significantly more common
in the fundus changes group (34.1% vs 8.8%,
p<0.001). Oligohydramnios was observed in 22.0%
of patients with fundus changes versus 5.9% in those
without (p=0.003).

Statistical Analysis: Data were analyzed using
SPSS version 23. Descriptive statistics were
presented as means (standard deviation) for
continuous variables and percentages for categorical
variables. Comparison between groups with and
without fundoscopic changes was performed using
independent t-test for continuous variables and Chi-
square test for categorical variables. Logistic
regression analysis was performed to identify
independent predictors of adverse fetal outcomes. A
p-value <0.05 was considered statistically
significant.
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Discussion

Our study demonstrates a significant association
between fundoscopic findings and maternal-fetal
outcomes in  preeclampsia,  corroborating
observations from multiple international studies.
The prevalence of fundoscopic abnormalities
(54.67%) in our cohort aligns with reported rates in
the literature, ranging from 37.9% to 73.4%,
reflecting the variable presentation and severity of
preeclampsia across different populations.

The most common fundoscopic finding in our study
was arteriolar narrowing (45.1%), which represents
the initial vascular response to hypertension and
endothelial dysfunction. This is consistent with
findings by Kumar et al., who reported arteriolar
narrowing in 45.7% of hypertensive pregnant
women, suggesting this as the earliest manifestation
of hypertensive retinopathy in pregnancy. The
presence of arteriolar narrowing indicates mild-to-
moderate vascular involvement and may serve as an
early warning sign for disease progression. Our
observation that arteriolar narrowing predominantly
occurred in Grade 1-2 retinopathy supports the
concept of a disease continuum, where initial
vascular narrowing progresses to more severe
findings with worsening maternal hemodynamics.

The prevalence of more advanced fundoscopic
findings, including retinal hemorrhages (29.3%),
cotton-wool spots (22.0%), and papilledema
(12.2%), underscores the severity of microvascular
involvement in our study population. These findings
reflect not merely hypertensive vascular changes but
active endothelial injury and increased vascular
permeability characteristic of severe preeclampsia.
Choroidal ischemia (Elschnig spots), observed in
14.6% of our patients, represents the most severe
grade of hypertensive retinopathy and indicates
profound vascular insufficiency. Our finding that
papilledema was present in 12.2% of patients with
fundoscopic changes is particularly clinically
significant, as it represents optic nerve head edema
and is associated with severe systemic hypertension
and impaired autoregulation of cerebral blood
vessels.

Our findings regarding the association between
fundoscopic changes and maternal complications
are particularly noteworthy. The dramatically higher
incidence of eclampsia (21.9% vs 2.9%), HELLP
syndrome (26.8% vs 4.4%), and acute renal failure
(17.1% vs 1.5%) in patients with fundoscopic
changes demonstrates the powerful predictive value
of  ophthalmoscopic examination. These
associations are mechanistically sound, as the
pathophysiological processes underlying
fundoscopic changes—namely endothelial
dysfunction, vasospasm, and microvascular
injury—are the same processes responsible for
eclamptic convulsions, hepatic microangiopathy,

Mangal et al.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

and renal cortical necrosis. The presence of visible
retinal pathology essentially confirms active multi-
organ vascular disease, explaining the high rates of
systemic complications.

The finding that ICU admission was required in
39.0% of patients with fundus changes versus only
5.9% in those without changes provides objective
evidence of disease severity. Similarly, the
concentration of maternal mortality in the fundus
changes group (2.4% vs 0%, though not statistically
significant due to small numbers) suggests that
fundoscopic examination identifies the highest-risk
maternal population. Our data support the
recommendation by multiple obstetric societies that
fundoscopy should be a standard component of the
clinical assessment of all pregnant women with
preeclampsia.

The perinatal outcomes in our study demonstrate
even more striking differences between the two
groups. The preterm delivery rate of 58.5% in the
fundus changes group versus 27.9% in controls
reflects the need for early delivery in women with
severe preeclampsia evidenced by fundoscopic
findings. This difference is not merely attributable to
disease severity per se but represents an important
clinical decision point: the identification of
fundoscopic changes often prompts earlier delivery
to prevent progression to eclampsia or other life-
threatening complications.

The association between fundoscopic changes and
adverse fetal outcomes—including IUGR (34.1% vs
8.8%), low Apgar scores (31.7% vs 5.9%), and
NICU admission (43.9% vs 11.8%)—reflects the
profound effect of placental insufficiency and
maternal vascular dysfunction on fetal development
and neonatal adaptation. Neonatal mortality, though
low in our cohort, was observed only in the fundus
changes group (4.9% vs 0%), further emphasizing
the association between fundoscopic abnormalities
and fetal jeopardy.

Our study aligns with the findings of Kumar et al.,
who documented significantly higher incidence of
perinatal complications in preeclamptic women with
fundoscopic changes, including ITUGR, low birth
weight, low Apgar scores, and increased NICU
admissions. Similarly, Singh et al., in their study of
100 pregnant women with pregnancy-induced
hypertension, found that fundus abnormalities
correlated positively with adverse feto-maternal
outcomes, with significantly higher rates of
eclampsia, HELLP syndrome, cesarean delivery,
and perinatal mortality in women with fundoscopic
changes.

Comparative analysis with the study by Sharma et
al. reveals similar patterns in our data. They reported
arteriolar narrowing in 40.9% of hypertensive
pregnant women with fundoscopic changes, with
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Grade 2 retinopathy being most common (35.2% of
those with changes). Their reported incidence of
HELLP syndrome (23.8% in fundus changes group
vs 4.8% in controls) closely parallels our findings.
This consistency across studies from different
geographical regions suggests that the association
between fundoscopic findings and adverse outcomes
is a fundamental feature of the pathophysiology of
preeclampsia rather than a population-specific
phenomenon.

The study by Ahmed et al., involving 200 pregnant
women with pregnancy-induced hypertension,
reported fundoscopic changes in 42% of patients,
with 38.1% having hypertensive retinopathy. Their
observation that TUGR was significantly more
common in patients with fundoscopic changes
(28.6% vs 8.3%) is consistent with our findings. The
mechanism linking maternal retinal vasculopathy to
fetal growth restriction involves both the
pathophysiologic similarities between retinal and
placental vasculature and the clinical consequences
of severe maternal disease (such as need for early
delivery and placental pathology).

Our observation regarding the relationship between
the grade of hypertensive retinopathy and outcome
severity is supported by the work of Phipps et al.,
who demonstrated in a large prospective study that
women with severe retinopathy had substantially
worse outcomes than those with mild retinopathy or
normal fundus. In their study, presence of
hemorrhages, exudates, or papilledema significantly
increased risk of adverse maternal and perinatal
outcomes. Our stratification of outcomes by grade of
retinopathy provides additional clinical utility, as it
allows for individualized risk assessment and
tailoring of management intensity.

The prevalence of papilledema (12.2%) in our study
is noteworthy, as this finding is generally considered
a marker of very severe hypertensive disease with
significant risk of eclampsia and cerebral
complications. Dekker et al., in their comprehensive
review of hypertensive disorders in pregnancy,
highlighted that optic disc edema indicates severe
disturbance of autoregulation and substantially
increased risk of stroke, eclampsia, and maternal
mortality. Our data, showing 100% association of
Grade 4 retinopathy with eclampsia or HELLP
syndrome, supports this assertion.

Comparison with the systematic review and meta-
analysis by Walters et al., which included 47 studies
examining ocular manifestations in pregnancy-
induced hypertension, reveals that our prevalence
estimates and outcome associations fall within
reported ranges. Their meta-analysis demonstrated
that fundoscopic changes were associated with a
pooled odds ratio of 4.2 (95% CI: 2.8-6.3) for
adverse fetal outcomes, which is conservative
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compared to the actual differences observed in our
data.

The implications of our findings are substantial for
clinical practice. Current guidelines from the
American  College of  Obstetricians  and
Gynecologists and the International Society for the
Study of Hypertension in Pregnancy recognize that
assessment of maternal end-organ dysfunction is
critical in preeclampsia management. While
laboratory markers (proteinuria, liver enzymes,
creatinine, platelet count) are well-established
indicators of severe preeclampsia, fundoscopic
findings provide an objective, rapid, and readily
available clinical sign that correlates with this end-
organ involvement. Unlike laboratory testing, which
requires sample collection, processing, and
reporting delays, fundoscopic examination can be
performed at the bedside within minutes and does
not require additional technology beyond an
ophthalmoscope—a tool available in almost all
clinical settings.

The incorporation of fundoscopy into the clinical
assessment of preeclampsia could enhance risk
stratification and improve outcomes through several
mechanisms. First, identification of fundoscopic
changes might prompt more intensive maternal
monitoring, including more frequent vital signs
assessment, closer laboratory surveillance, and more
aggressive management of hypertension. Second,
recognition of severe retinopathy could lower the
threshold for delivery in women approaching term,
as the presence of advanced fundoscopic changes
indicates that the risk of expectant management
likely outweighs the benefits of delayed delivery.
Third, documentation of fundoscopic findings could
provide prognostic information to neonatologists
and facilitate appropriate preparation for delivery of
high-risk neonates.

Conclusion

The significant association between fundoscopic
findings and adverse maternal-fetal outcomes
observed in our study, combined with the
corroborating evidence from multiple other studies
in the literature, supports the incorporation of
routine fundoscopic examination into the clinical
assessment of all pregnant women diagnosed with
preeclampsia. Early identification of retinal changes
enables timely escalation of care, closer fetal
monitoring, and informed decisions regarding the
timing of delivery.

We recommend that systematic fundoscopy be
integrated into the standard clinical protocol for
preeclampsia assessment in all tertiary care centers.
Training of obstetric and midwifery staff in basic
fundoscopic examination techniques should be
prioritized, and formal consultation with
ophthalmology may be sought in cases with unusual
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or severe fundoscopic findings. The predictive value
of fundoscopic changes for adverse outcomes should
be incorporated into risk-stratification models and
counseling discussions with patients.

Future prospective studies with larger sample sizes,
standardized examination protocols, and assessment
of long-term outcomes would further strengthen the
evidence base for fundoscopy in preeclampsia
management. Additionally, research examining the
cost-effectiveness of routine fundoscopy and the
optimal timing of examination would help establish
evidence-based guidelines for its implementation.
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