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Abstract

Approximately 1 in 3 adults in the United States has hypertension.” Blood pressure is under control in
only approximately half of those adults.”* Because the retina is the only place in the body where the
vasculature can be observed directly, eyecare providers are uniguely positioned to evaluate the effects
of hypertension. This case-based report discusses fundus signs in a patient with accelerated
hypertension. A review is given of ocular blood flow, the pathophysiology of fundus signs, diagnostic
testing, staging of hypertension and hypertensive retinopathy. The discussion should lead to an
understanding of the optometrist’s role in the management of patients with elevated blood pressure.
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Introduction

Patients with hypertension often present with ocular findings of hypertensive retinopathy. In 1898,
Marcus Gunn first described hypertensive retinopathy to include generalized and focal arteriolar
narrowing, arteriovenous crossing changes, retinal hemorrhages, cotton wool spots and disc edema.
Later, fundus findings in hypertensive choroidopathy would be described to include Siegrist streaks® and
Elschnig spots.”® Three distinct entities have been hypothesized: hypertensive retinopathy, hypertensive
choroidopathy and hypertensive optic neuropathy.” This teaching case report describes a noncompliant
patient with chronic hypertension in a hypertensive urgent crisis. It highlights the findings associated with
hypertensive retinopathy, choroidopathy and optic neuropathy. This paper is intended for third- and
fourth-year optometry students and all eyecare providers in clinical care.

Case Report

A 57-year-old white male presented to the Veterans Affairs (VA) healthcare clinic on Dec. 5, 2014 for the
initial visit with his primary care provider. His blood pressure was 251/136 mmHg, and he had a 7-year
history of severe hypertension managed outside the VA. He was taking amlodipine 10 mg dalily,
clonidine 0.1 mg bid and metoprolol 50 mg bid. He reported no focal neurological symptoms and no
vision problems, and he denied palpitations. After examination, the patient was diagnosed with acute
renal failure in addition to chronic renal disease due to malignant hypertension from improper medication
management and noncompliance. Clonidine 0.2 mg was given in-office and the patient was referred to
the emergency room.

The patient received additional medication in the emergency room, but his blood pressure remained
elevated at 191/110 mmHg. He was transferred to a private nephrologist. After a review of records on
file, the nephrologist placed the patient on the following medications to be taken once daily: carvedilol
12.5 mg, doxazosin 2 mg, clonidine 0.1 mg patch, 1,000 mg Vitamin D2 and calcium acetate. The
nephrologist discharged the patient back to the VA with a poor prognosis given the history of non-
adherence to medical care. On Dec. 12, 2014, the patient returned to his VA primary care provider for
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follow-up, and his blood pressure was improved at 114/72 mmHg. He reported seeing “sun spots” or
“afterimages” in both eyes after starting the new hypertensive medications and was referred to the eye
clinic for same-day evaluation.

Further history during the eye exam included a severe (10/10 on the pain scale) left temple headache
that started one week prior. At the exam, the patient felt the severity of the headache was 5/10. Entering
visual acuity and best-corrected visual acuity were 20/20 in each eye. Intraocular pressure was 10
mmHg OD and 11 mmHg OS at 2:09 p.m. Dilated fundus exam showed cup to disc (C/D) ratio of 0.4 OD
and 0.5 OS. Macular findings were unremarkable. Vessels showed marked arteriolar attenuation and
crossing changes. Some small, scattered hemorrhages were present in the posterior pole, OS>0D, as
were a few areas of flat greyish spots OS (Figures 1 and 2). Optical coherence tomography (OCT) of
the optic nerve and macula were performed. OCT of the optic nerve showed diffuse retinal nerve fiber
layer thinning in both eyes (Figure 3). Macular scans showed a nasal area of thinning OD and inferior-
nasal thinning in both eyes. The patient was diagnosed with moderate hypertensive retinopathy, and it
was recommended that he return to the eye clinic for follow-up in 6 months.

The patient continued to be seen by nephrology and primary care at regular intervals over the next 2
years during which time medication non-compliance issues continued. His in-office blood pressure
ranged from 105/71 mmHg to 190/109 mmHg. In February 2016, he reported poor home blood pressure
control, fatigue, decreased appetite and weight loss. Consequently, dialysis was initiated and the patient
was referred as a candidate for a kidney transplant.

In October 2016, approximately 2 years after his initial visit, the patient returned to the eye clinic for
follow-up. His chief complaints at this visit were diminished distance vision while wearing glasses and the
need to remove his glasses to read. Refraction yielded visual acuities of 20/20 OD and 20/20-2 OS with
-1.75-1.25X070 OD and -2.00-0.75X140 OS. Intraocular pressure was 12 mmHg OD and 14 mmHg OS
at 1:04 p.m. Slit lamp examination findings were remarkable for 1+ superficial punctate keratitis OU.
Dilated fundus exam revealed a C/D ratio of 0.55 round (rd) OD, 0.6 rd OS with pallor and the
appearance of thinning inferiorly. A linear hypopigmented choroidal lesion inferior to the optic nerve OS,
which was not present on prior photos, was noted (Figures 4 and 5). OCT scans of the optic nerve and
macula were obtained, and both eyes showed diffuse progressive thinning of the retinal nerve fiber layer
(Figure 6) and macula compared to prior scans. The patient’s blood pressure at this visit was 146/87
mmHg. He was diagnosed with moderate hypertensive retinopathy with secondary extensive progressive
atrophy of the optic nerve and macula. The patient was also diagnosed with a possible Siegrist streak
OS, indicating hypertensive choroidopathy, and referred to ophthalmology for evaluation.
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Figures 1 and 2.
Fundus imaging at the
patient’s initial visit in
2014 shows
arteriovenous crossing
changes and arteriolar
attenuation OU
secondary to
hypertension, scattered
retinal hemorrhages
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spots OS.
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Figure 3. Initial OCT
scans in 2014 reveal
diffuse thinning of the
retinal nerve fiber layer
Ou.
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Figures 4 and 5. In Figure 6. OCT scans
October 2016, dilated obtained in October
fundus exam reveals 2016, show diffuse,
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In December 2016, the patient was evaluated by ophthalmology. Examination findings were consistent
with the October 2016 optometric findings. The ophthalmologist recorded a C/D ratio of 0.55 rd OD, 0.6
rd OS with pallor and appearance of thinning inferiorly OU and superiorly OD. The hypopigmented
choroidal lesion extending inferior to the optic nerve OS was confirmed to be consistent with Siegrist
streak. The final diagnosis was malignant hypertension with temporal optic nerve pallor OU and
hypertensive choroidopathy with Siegrist streak OS. The recommended follow-up was with optometry in
6 months.

In June 2017, after retinal consultation, the patient returned to the eyecare clinic for the 6-month follow-
up. He had no ocular complaints. Visual acuity was 20/25-2 OD and 20/30-2 OS. Blood pressure was
174/84 mmHg. Intraocular pressure was 15 mmHg OD and 16 mmHg OS at 9:56 a.m. Slit lamp
examination was unremarkable. Dilated fundus exam showed 1+ nuclear sclerotic cataracts OU, stable
C/D ratios of 0.55 rd OD and 0.6 rd OS with pallor OU, Siegrist streak inferior to the optic nerve OS,
macular mottling OU, attenuated vessels and unremarkable retinal periphery OU. OCT of the optic nerve
and macula were obtained again and showed stable thinning of the retinal nerve fiber layer and macula
(Figure 7) compared to scans from the October 2016 visit. The patient was assessed as having
malignant hypertension with improved control of blood pressure, stable optic nerve atrophy OU and
Siegrist streak OS. He returned in October 2017 to undergo baseline visual field testing (Figures 8 and
9). The results were unreliable OU; however, the test showed defects inferiorly OU and superiorly OS,
which correlated with the Siegrist streak OS.
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Figure 7. OCT in June 2017 Figure 8. Baseline visual Figure 9. Baseline visual
shows stable thinning of the field testing in October field testing in October
retinal nerve fiber layer (and 2017 shows defects 2017 shows defects
macula) OU. inferiorly OU. inferiorly OU and superiorly
Click to enlarge Click to enlarge OS, which correlates with

the Siegrist streak OS.
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Educator’s Guide
Key concepts

1. Hypertension affects millions of Americans, and dilated fundus exams are essential in the
management of the condition

2. Recognizing signs and symptoms of hypertensive retinopathy and choroidopathy may help
providers to understand and manage these conditions

3. There are key differences in the vascular flow between the retina and choroid and these
differences play a role in the development of hypertensive retinopathy vs. choroidopathy

4. Ancillary testing, such as fundus photography, OCT, fundus autofluorescence and fluorescein
angiography may be useful in the management of hypertensive retinopathy and choroidopathy

Learning objectives
After this case discussion, participants should be able to:

1. Classify hypertensive retinopathy
2. Categorize hypertensive crises into emergencies and urgencies
3. Recognize the fundus findings associated with hypertensive retinopathy
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4. Identify common findings associated with hypertensive choroidopathy

5. Understand the difference between retinal and choroidal blood flow

6. Understand how ancillary testing can be used to recognize and manage hypertensive retinopathy
and choroidopathy

7. Understand the optometrist’s role in managing uncontrolled hypertension

Discussion points

Categorize hypertensive crises into emergencies and urgencies

Describe the blood flow from the ophthalmic artery to the retina and choroid

What retinal findings are associated with hypertensive retinopathy?

What are some ocular findings associated with hypertensive choroidopathy?

What are the differential diagnoses of hypertensive choroidopathy?

What is the pathophysiology behind optic nerve head and nerve fiber layer changes in chronic

hypertension?

7. Describe the role of fluorescein angiography and fundus autofluorescence in hypertensive
retinopathy/choroidopathy diagnosis and management

8. What are some end organs that are damaged by hypertension?

ook whNE

Discussion

Hypertension is defined by the American Heart Association as systolic pressure greater than 139 mmHg
or diastolic pressure greater than 89 mmHg. Approximately 75 million Americans have hypertension and
are at increased risk for myocardial infarction, heart failure, stroke, renal disease and early death.® An
accelerated hypertension or hypertensive crisis affects approximately 1% of people with high blood
pressure and is defined as extremely high blood pressure that develops rapidly and causes some type of
organ damage. It is most common in younger adults, especially African Americans. Blood pressure is
typically 180/120 mmHg or greater in these cases, which should be treated as medical emergencies.

Changes in vasculature from hypertension are visible in the retina and are indicative of vessel changes
elsewhere in the body. The retina receives a dual blood supply from branches of the ophthalmic artery.
The inner retina is supplied by the central retinal artery. The outer retina and choroid receive their blood
supply from the long and short posterior ciliary arteries.® The posterior ciliary artery is the main arterial
blood supply for the optic nerve.”

The retinal and choroidal vascular beds have fundamentally different properties. The choroidal bed lacks
an autoregulatory mechanism for blood flow, has no blood-ocular barrier, and has a sympathetic nerve
supply.! The retinal vascular bed has efficient autoregulation, a blood-retinal barrier, and no sympathetic
nerve supply. Because of these properties, the choroidal and retinal vascular beds respond differently to
elevated blood pressure.

In hypertensive retinopathy, the initial response to elevated blood pressure is vasospasm and
vasoconstriction of the retinal arterioles leading to arteriole narrowing called the vasoconstrictive phase.
Eventually, elevated blood pressure may lead to endothelial damage, intimal thickening and vessel
narrowing called the sclerotic phase. This results in copper wiring, i.e., moderate vascular wall changes,
and arteriovenous nicking. If hypertension remains uncontrolled, an exudative phase may develop. In
this stage, the blood-retina barrier is disrupted leading to blood and fluid accumulation within the retina.
Ischemic findings during this phase may include cotton wool spots, microaneurysms, retinal
hemorrhages and macular edema.?**? It is important to note though that the stages may not be
sequential. The exudative signs may be seen without the sclerotic phase. This occurs because the
sclerotic phase is a result of chronic hypertension and the exudative phase is indicative of recent
uncontrolled hypertension.*
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Accelerated hypertension can lead to choroidal ischemia and hypertensive choroidopathy, as in the
patient in this case report. In reno-vascular malignant hypertension, excessive angiotensin and
norepinephrine in the choroidal fluid cause choroidal vasoconstriction that leads to the ischemia.
Hypertensive choroidopathy is less commonly seen than hypertensive retinopathy. It can manifest as
Elschnig spots, Siegrist streaks and rarely serous retinal detachments.® Elschnig spots are changes to
the retinal pigment epithelium (RPE) that overlies infarcted choriocapillaries. These appear as pale,
yellow, well-demarcated lesions often found in the perimacular region followed by the peripapillary
region.' Fluorescein angiography at this stage often shows generalized delayed patchy filling of the
choroidal vascular bed and in the macular region marked delay and staining of the lesions during the late
phase." Over time, the RPE becomes hyperpigmented with a margin of hypopigmentation. Healed
Elschnig spots do not leak fluorescein, but transmission defects may appear through the hypopigmented
halo.’ In cases of chronic or severe hypertension, Siegrist streaks can be seen as linear hyperpigmented
streaks along the course of choroidal arteries.’ The presence of Siegrist streaks may signify advanced
vascular sclerosis.* Persistent chronic choroidal ischemia may lead to progressive late RPE degenerative
lesions that are widely scattered with heavy distribution in the temporal aspect of the macula and
periphery.' The lesions can be composed of polymorphic RPE atrophic lesions as well as diffuse
pigmentary changes and may be focal to confluent." The macular changes often look like those seen in
senile macular degeneration, and the peripheral fundus changes may resemble late-stage birdshot
retinopathy.” These late degenerative lesions are typically more extensive than the acute lesions, and
fluorescein angiography often shows even more extensive lesions than seen clinically.

In rare cases, serous retinal detachment occurs because of global choroidal dysfunction and
decompensation of the RPE.° These are usually bullous in nature, and the macular region is often the
area affected followed by the periphery. The detachments are usually shallow and well-circumscribed.
Once resolved, extensive RPE changes are often more evident.

Hypertensive optic neuropathy usually presents as bilateral disc swelling. This finding has the strongest
association with death; therefore, it is a true hypertensive emergency. The pathogenesis of the
papilledema is unclear but may be due to ischemia, raised intracranial pressure secondary to
hypertensive encephalopathy or obstruction of axoplasmic flow from ischemia and choroidal
nonperfusion.”**? Other causes of papilledema, such as space-occupying lesions and benign idiopathic
intracranial hypertension must be ruled out, so imaging may be required. Optic disc swelling secondary
to hypertension usually resolves with improved blood pressure control. Resolution of the swelling often
results in optic nerve pallor and retinal nerve fiber layer loss. Longstanding chronic elevated
hypertension may result in nerve fiber layer loss as well, as seen in this patient.** The nerve fiber layer
defects are localized and have not been shown to change the size or shape of the neuroretinal rim or
peripapillary atrophy as seen in glaucomatous optic neuropathy.** Chronic hypertension can lead to
vasoconstriction of peripapillary choroidal vessels and posterior ciliary arteries that supply the optic
nerve. This chronic hypoperfusion can result in optic nerve atrophy and pallor.””* These changes are
reflected on an OCT as thinning in the nerve fiber layer.

Differential diagnosis

There are several conditions that may mimic hypertensive retinopathy including diabetic retinopathy,
anemic retinopathy, venous occlusive disease, carotid occlusive disease, radiation retinopathy,
perifoveal telangiectasia and collagen vascular diseases.****** Because the RPE and other tissues
supplied by choroidal vasculature respond in limited ways to decreased perfusion, hypertensive
choroidopathy may be difficult to distinguish from other clinical conditions that cause choroidal ischemia
including vascular, inflammatory and degenerative diseases. These conditions include toxemia of
pregnancy, disseminated intravascular coagulopathy, multifocal acute ischemic choroidopathy, collagen
vascular disorders, thrombotic thrombocytopenic purpura, leukemia, Goodpasture syndrome, hemolytic
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diseases, cardiac lesions, giant cell arteritis, and other local vascular and systemic disease.""
Furthermore, in the late stages of hypertensive choroidopathy, the macular region is often
indistinguishable from senile macular degeneration as drusen develop. This may indicate that chronic
choroidal ischemia may play a role in development of drusen.” Choroidal ischemia can also result from
iatrogenic sources. Laser thermocoagulation and photodynamic therapy have been shown to create
segmental choroidal ischemia and vascular occlusion.*’

Role of fluorescein angiography and fundus autofluorescence

Fluorescein angiography may show varied findings. With hypertensive retinopathy, dilation of capillaries,
telangiectasia, capillary nonperfusion and/or leakage from retinal vessels may be seen.*** Leakage may
be present at the optic nerve if edema is present.***® In hypertensive choroidopathy, choroidal bed
abnormalities can be seen and RPE degeneration is visualized more clearly compared to visualization
with funduscopy alone. This is due to unmasking of choroidal fluorescence in degenerated areas, which
demonstrate choroidal circulatory insufficiency.” In early hypertensive choroidopathy, a mild to marked
delayed or patchy filling of the choroidal bed can be seen and is especially noticeable in the macular
area. Acute focal RPE lesions are associated with this delayed and patchy choroidal bed fluorescein
filling and will stain during the late phase.** Older degenerative choroidal lesions will begin to show
unmasking of the choroidal fluorescence during the transit stage, but they do not stain late.*

By highlighting lipofuscin distribution in the RPE, fundus autofluorescence may also play a role in
identifying retinal changes due to hypertension. In a small study by Ramezani, et al., fundus
autofluorescence revealed some pathological changes at the level of the RPE.* These changes included
a hyper-autofluorescent ring surrounding a small area of hypo-autofluorescence at the fovea. This was
evident in patients with chronic hypertension significantly more often than in normotensive patients. It
was also noted that hyper-autofluorescent patches of RPE outside of the fovea were found more often in
patients with chronic hypertension, but this was not statistically significant.*

Changes in the foveal RPE are thought to be the result of possible damage caused by chronic
hypertension resulting in lipofuscin accumulation in the RPE at the fovea, a reduction of macular
pigment, or both. It is also possible that patches of mixed autofluorescent patterns outside the fovea are
secondary to past episodes of acute elevated blood pressure; however, a larger study would be needed
to find statistical evidence of this. It is possible that fundus autofluorescence may be used to detect
retinal problems such as hypertensive retinopathy or choroidopathy in early stages because the retinal
changes found were not visible by routine imaging or funduscopy.*

Target organ damage

Hypertensive end organ damage occurs when the major organs (i.e., heart, brain, kidneys, eyes)
nourished by the circulatory system undergo damage or impairment from uncontrolled hypertension. This
can manifest in a variety of ways including stroke, myocardial infarction, heart failure, albuminuria,
proteinuria, renal failure, encephalopathy, subarachnoid hemorrhage, dissecting aortic aneurysm,
pulmonary edema and renal failure.'*****

Ocular target organ damage includes the ocular findings discussed above as well as retinal artery or vein
occlusions, cranial nerve palsies, nonarteritic anterior ischemic optic neuropathy and
macroaneurysms.***®

Identifying end organ damage is important in the clinical decision-making process for managing the
patient’s overall cardiovascular risk. If end organ damage is present, such as in the case of this patient,
more intense treatment may be required as the goal should be to reduce the blood pressure to values of
130/80 mmHg or lower.*
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Classification and management of hypertensive patients

]

Table 1. Click to enlarge

Various staging systems for hypertensive retinopathy have been developed. One that has been widely
used in more recent years was presented by Wong et al*® (Table 1). Optometrists play an important role
in the treatment of patients with hypertension and knowing how to effectively manage these patients is
crucial (Table 2). The information outlined in Tables 1 and 2 can aid the eyecare provider in grading
retinopathy, educating the patient on the likely target organ damage based on ocular findings, and
directing appropriate timely referrals and follow-up visits. For example, when mild retinopathy is present,
it indicates chronic hypertension and does not require as urgent of a referral as moderate hypertensive
retinopathy, which represents an acute rise in blood pressure and similar vascular damage occurring in
the brain, heart and kidneys.">'*** Optic nerve swelling is most associated with mortality and renal failure
and therefore is a true medical emergency.***

]

Table 2. Click to enlarge

Treatment of hypertensive retinopathy is typically controlling the blood pressure with medication. If blood
pressure has not been elevated for a prolonged period and is controlled promptly, retinal blood vessels
may return to a normal state with no permanent changes.*** If blood pressure remains elevated and
hypertension is chronic, retinal findings may be irreversible even if blood pressure is subsequently
brought under control.***

Assessment of learning objectives

The assessment of the learning objectives for this teaching case report can be accomplished in several
ways. Students presented with fundus photos should be able to describe the photos, including normal
and abnormal findings of the retinal vasculature, optic nerve and macula as well as grade any
hypertensive changes. PowerPoint slide quizzes are an option for testing students’ knowledge. Once
abnormal findings are identified, students should be queried on differential diagnosis along with what
additional testing should be performed to determine the underlying disease and any associated
conditions. Students should also be assessed on their ability to describe and recognize a hypertensive
crisis and what organs can be damaged from hypertension. Case-based discussions are a good platform
for helping students work through the differential diagnoses and management. In this report, fluorescein
angiography and fundus autofluorescence were addressed as having a role in the diagnosis and
management of hypertensive retinopathy; students can be evaluated for their knowledge of each of
these tests and should be able to describe images in detail and describe normal and abnormal retinal
and choroidal circulation. Role-playing simulations can help students meet patient education and
management expectations.

Conclusion

Optometrists play an important role in the management of patients with systemic arterial hypertension.
Ocular manifestations vary, and prompt recognition and accurate diagnosis are crucial for optimizing
both the ocular and systemic health of the individual.
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