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Abstract
Objectives To compare and evaluate the characteristics of hypertensive choroidopathy with serous retinal detachment in
preeclampsia and malignant hypertension (HTN) and explore choroidal ischemia as a pathogenesis using multimodal
imaging.
Methods A retrospective multicenter case series. Medical charts were reviewed. Clinical characteristics and multimodal
imaging, including optical coherence tomography (OCT) and OCT angiography (OCTA), were evaluated.
Results Fifty-three eyes of 29 preeclampsia patients and 45 eyes of 24 HTN patients were included. There were no
differences in age, follow-up duration, baseline visual acuity, central macular thickness (CMT), or subfoveal choroidal
thickness (CT) between the two groups. Blood pressure parameters, including systolic blood pressure, diastolic blood
pressure, and pulse rate, were significantly higher in the HTN group. After serous retinal detachment resolved, both CMT (p
< 0.001) and CT (p= 0.003) decreased more in the preeclampsia group. Hypertensive retinopathy features, including
hemorrhage, exudates, cotton-wool spots, and optic disc edema, were predominantly found in the HTN group (p= 0.001).
Final visual acuity was better in the preeclampsia group than in the HTN group (p= 0.048). Poor visual prognostic factors
included the presence of retinopathy features (p= 0.005) and retinal detachment in the macula (p= 0.017).
Conclusion Choroidal circulation may be affected earlier than retinal circulation by elevated blood pressure, presumably
because of anatomical differences and autoregulatory mechanisms in the retinal vasculature. Serous retinal detachment with
hypertensive choroidopathy presented with choroidal thickening that decreased after resolution, but the residual flow defects
observed in the choriocapillaris on OCTA confirmed the long-hypothesized notion that ischemia is a mechanism underlying
hypertensive choroidopathy.

Introduction

Preeclampsia is an obstetric complication characterized by
hypertension, edema, and proteinuria that has an estimated
incidence of 3–5% of pregnancies [1]. Eclampsia is defined
as preeclampsia with seizures and occurs late in pregnancy.
Hypertensive choroidopathy clinically presents with serous
retinal detachments (SRDs) and yellowish retinal pigment
epithelium (RPE) lesions and can complicate preeclampsia
or eclampsia. Serous retinal detachments are typically
bilateral and bullous and cause marked visual loss, but these
changes usually resolve postpartum with the recovery of
normal vision. Severe cases can, however, result in geo-
graphic chorioretinal atrophy, which occurs in up to 8.5% of
preeclampsia patients [2, 3]. Based on limited histopatho-
logical and clinical studies, the mechanism underlying
choroidopathy is thought to be ischemia [4–9]. Chor-
iocapillaris nonperfusion and choroidal thickening with
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secondary RPE changes are consistently found in affected
patients. The pathophysiology of choroidal thickening in a
setting of choroidal ischemia is not fully understood. Clues
may be found in the various choroid-thickening entities that
are collectively referred to by some authors as “pachy-
choroid” diseases [10–14]. We previously showed that
choroidal thickness (CT) was increased and large choroidal
vessels dilated on enhanced-depth imaging optical coher-
ence tomography (EDI-OCT) [14]; these presentations are
similar to those observed in other pachychoroid spectrum
diseases, such as pachychoroid neovasculopathy and central
serous chorioretinopathy. Increased CT has also been
demonstrated in preeclampsia patients in the absence of
evident choroidopathy features [15].

Few studies have explored hypertensive choroidopathy
with SRD in preeclampsia or eclampsia, and most have
been anecdotal case reports or series. To evaluate the
clinical features of serous retinal detachments in pre-
eclampsia/eclampsia choroidopathy, we sought to com-
pare their clinical findings to serous retinal detachments
observed in malignant hypertension, another well-
recognized cause of hypertensive choroidopathy. The
aim of the present study was to use multimodal imaging
technologies to evaluate and compare the clinical course
and features associated with SRDs in preeclampsia/
eclampsia and malignant hypertension. Special emphasis
will be placed on analyzing choroidal imaging to identify
evidence for choroidal ischemia in these entities, as has
been historically hypothesized.

Methods

Subjects

We retrospectively reviewed the medical records of patients
who were evaluated and treated for SRD among patients
who were diagnosed with severe preeclampsia or uncon-
trolled systemic hypertension in the Department of Oph-
thalmology at Yonsei University Severance Medical Center
between November 2009 and May 2017 and in the
Department of Ophthalmology at Konkuk University
Medical Center between February 2013 and February 2018.
Institutional Review Board (IRB) approval was obtained at
each site, and the study complied with the guidelines of the
Declaration of Helsinki.

We reaffirmed the diagnosis of severe preeclampsia
according to previously described criteria [1, 16]. Women
with a clinical diagnosis of pregestational or gestational
hypertension were excluded. The malignant hypertension
group included patients with high blood pressure (systolic
blood pressure (SBP) ≥ 140 mmHg or diastolic pressure
(DBP) ≥ 90 mmHg) and hypertensive retinopathy features,

including retinal hemorrhage, exudates, cotton-wool spots,
diffuse retinal edema, and optic disc edema. [17]

We reviewed the results of ophthalmologic examinations
performed in all subjects, including fundus examination by
retinal specialists, color fundus photography, and EDI-OCT
(Spectralis OCT; Heidelberg Engineering Inc., Heidelberg,
Germany). Some patients underwent fluorescein angio-
graphy, indocyanine green angiography, or OCT angio-
graphy (OCTA) (Angio-Plex, CIRRUS HD-OCT models
5000, Carl Zeiss Meditec, Inc., Dublin, CA, USA; Optovue
RTVue XR Avanti, Optovue, Inc., Freemont, CA, USA;
Spectralis OCT2, Heidelberg Engineering Inc., Heidelberg,
Germany). We included only those patients who were
confirmed to have subretinal fluid on OCT images in one or
both eyes.

Main outcome

Basic parameters, such as age, sex, coexisting diseases, and
follow-up duration, were collected. Obstetric information,
such as parity, last menstrual period, delivery date, mode of
delivery, and associated complications, was noted. We
calculated body mass index (BMI) in the patients using
measurements of height and weight. SBP, DBP, and pulse
rate (PR) data were collected. We recorded baseline
laboratory results, including the following: complete blood
cell counts with differentials, platelet counts, routine blood
biochemistry tests, and urinalysis.

Horizontal volume scans and EDI horizontal foveal scans
obtained on spectral domain OCT were used to obtain
measurements of central macular thickness (CMT) and
subfoveal CT, respectively. CMT was automatically mea-
sured after segmentation of the inner limiting membrane
and Bruch’s membrane layer using Heidelberg software
(version 6.7; Heidelberg Engineering). The choroid was
defined as the region from the outer portion of the hyper-
reflective line corresponding to the RPE to the inner surface
of the sclera [18].

Statistical analysis

All data are presented as the mean ± standard deviation.
Kolmogorov–Smirnov tests were used to analyze the dis-
tributions of samples. To compare baseline demographic
and clinical characteristics and ophthalmic measurements
between the two groups, we used the Chi-square test for
categorized parameters and independent t-tests for con-
tinuous variables. We used paired t-tests to analyze changes
in CMT and CT between the initial and final time points
within each group. To examine the relationships between
baseline parameters and the changes in CMT and CT
observed in each group, a Pearson correlation test was
performed. All statistical analyses were performed using
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SPSS version 21.0 (SPSS Inc., Chicago, IL, USA). A P-
value of <0.05 was considered statistically significant.

Results

In the current study, SRDs were observed in 53 eyes of 29
patients with preeclampsia and 45 eyes of 24 patients with
malignant hypertension. Of the 29 patients with pre-
eclampsia, 4 progressed to eclampsia with seizures. SRDs

were diagnosed during pregnancy in 16 eyes of 9 (30.2%)
preeclampsia patients and postpartum in 37 eyes of 20
(69.8%) preeclampsia patients. The baseline demographic
and clinical characteristics of the patients are presented in
Tables 1 and 2. There were no significant differences in age,
history of diabetes, or BMI between the two groups.

Table 1 Demographic data and laboratory results in preeclampsia and
malignant hypertension patients with serous retinal detachment

Preeclampsia Malignant
hypertension

P value

Patients, N 29 24

Age (years) 33.33 ± 3.44 37.29 ± 9.09 0.52*

Sex (F/M) 18/0 13/11 <0.001†

DM history (yes/no) 4/29 4/21 0.44†

BMI (kg/m2) 25.44 ± 4.46 25.70 ± 5.72 0.85*

Systolic blood pressure
(mmHg)

155.63 ± 22.01 202.63 ± 31.68 <0.001*

Diastolic blood pressure
(mmHg)

97.90 ± 14.11 123.50 ± 22.91 <0.001*

Pulse rate (bpm) 84.90 ± 20.03 96.82 ± 13.92 0.017*

Etiology of hypertension, N (%)

Essential – 9 (37.5)

Renal artery stenosis – 1 (4.2)

Renal parenchymal
disease

– 5 (20.8)

Chronic kidney
disease (CKD)

– 9 (37.5)

Pregnancy complication classification, N (%)

HELLP incomplete 8 (27.6)

HELLP complete 4 (13.8)

Eclamptic
seizure event

4 (13.8)

Clinical laboratory results

Proteinuria (dipstick
positive)

2.54 ± 0.83 1.77 ± 1.30 0.020*

BUN (mg/dL) 15.50 ± 6.64 38.57 ± 10.91 0.001*

Creatinine (mg/dL) 0.87 ± 0.41 5.23 ± 8.99 0.026*

Platelets (/mL) 153.91 ± 66.93 224.50 ± 89.64 0.003*

Aspartate
transaminase (U/L)

73.97 ± 17.03 24.79 ± 14.53 0.23*

Alanine amino
transferase (U/L)

46.12 ± 13.76 23.66 ± 16.74 0.29*

Values are presented as the mean ± standard deviation. Independent
t-tests* and Chi-square tests† were used to compare the groups.
P values in bold indicate significant differences.

DM diabetes mellitus, BMI body mass index, HELLP hemolysis
(H), elevated liver enzymes (EL) and low platelet count (LP)

Table 2 Clinical characteristics and course results in preeclampsia and
malignant hypertension patients with serous retinal detachment

Preeclampsia Malignant
hypertension

P value

Eyes with SRD, N 53 45

Laterality (Rt/ Lt) 28/25 22/23 0.73†

Onset of SRD,
N (%)

During
pregnancy

16 (30.2) –

Postpartum 37 (69.8) –

Follow-up duration
(months)

1.83 ± 2.16 2.15 ± 2.65 0.57*

CDVA (logMAR)

Baseline 0.24 ± 0.37 0.28 ± 0.44 0.68*

Final 0.11 ± 0.16 0.22 ± 0.49 0.048*

Spherical
equivalent (diopter)

−0.44 ± 1.40 −0.20 ± 1.21 0.74*

IOP (mmHg) 13.27 ± 3.22 14.73 ± 4.18 0.06*

Location of SRD,
N (%)

0.73†

Peripapillary 47 (88.7) 39 (86.7)

Macular 43 (81.1) 32 (71.1)

Both 37 (69.8) 27 (60.0)

Presence of
retinopathy, N (%)

<0.001†

Yes 8 (15.1) 44 (97.8)

No 45 (84.9) 1 (2.2)

Central macular thickness (µm)

Baseline 464.69 ± 347.75
(197–1310)

355.42 ± 12.66
(193–654)

0.45*

Final 218.86 ± 32.20
(156–290)

265.75 ± 26.17
(197–336)

<0.001*

P value <0.001‡ <0.001‡

Subfoveal choroidal thickness (µm)

Baseline 338.10 ± 10.66
(126–665)

318.71 ± 13.16
(96–552)

0.35*

Final 252.52 ± 13.16
(126–565)

289.36 ± 14.89
(92–468)

0.06*

P value <0.001‡ 0.002‡

Values are presented as the mean ± standard deviation (range).
Independent t-tests* and Chi-square tests† were used to compare the
groups, and a paired t-test‡ was used to analyze periodic changes
within each group. P values in bold indicate statistically significant
differences.

SRD serous retinal detachment, CDVA corrected distance visual
acuity, IOP intraocular pressure
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However, blood pressure profiles, including SBP, DBP, and
PR, were significantly higher in the malignant hypertension
group than in the preeclampsia group (p < 0.001, p < 0.001,
and p= 0.017, respectively). At the end of the follow-up

period, there were no patients with uncontrolled blood
pressure in either groups. Thrombocytopenia (p= 0.003)
and proteinuria (p= 0.020) were more severe in the pre-
eclampsia group, but blood urea nitrogen (BUN) and
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creatinine levels were both higher in hypertension patients
(p= 0.001 and p= 0.026, respectively).

There were no differences in baseline corrected distance
visual acuity, intraocular pressure, or spherical equivalent
between the two groups. Visual acuity increased in both
groups but did so more prominently in the preeclampsia
group, with logMAR visual acuity increasing from 0.24 ±
0.37 (Snellen equivalent of 20/35) to 0.11 ± 0.16 (Snellen
equivalent of 20/26) in the preeclampsia group (p= 0.001)
during a mean follow-up of 1.83 ± 2.16 months and from
0.28 ± 0.44 (Snellen equivalent of 20/38) to 0.22 ± 0.49
(Snellen equivalent of 20/33) in the malignant hypertension
group (p= 0.016) during a mean follow-up of 2.15 ±
2.65 months. Only four eyes (7.5%) in the preeclampsia
group showed a final visual acuity less than 20/40, but the
ten eyes (22.2%) with malignant hypertension had a final
visual acuity of less than 20/40. Risk factors for a poor
visual prognosis included the presence of retinopathy (p=
0.005) and the macular location of retinal detachment (p=
0.017).

There were no differences in baseline CMT and CT
between the two groups. After SRD was resolved, CMT and
CT decreased in both groups but did so more prominently in
the preeclampsia group. CMT decreased by 52.9%, from
464.69 ± 347.75 μm to 218.86 ± 32.20 μm (p < 0.001), in
the preeclampsia group and by 25.3%, from 355.42 ± 12.66
μm to 265.75 ± 26.17μm (p < 0.001), in the malignant

hypertension group. The difference in the degree of CMT
change was significant between the groups (245.82 μm
versus 107.14 μm; p < 0.001). Subfoveal CT decreased by
25.4%, from 338.10 ± 10.66 μm to 252.52 ± 13.16μm (p <
0.001), in the preeclampsia group and by 9.1%, from
318.71 ± 13.16 μm to 289.36 ± 14.89 μm (p= 0.002), in the
malignant hypertension group. The difference in the degree
of CT change was significant between the groups (110.82
μm versus 34.04 μm; p= 0.003).

Hypertensive retinopathy features, such as retinal
hemorrhage, exudates, cotton-wool spots, diffuse retinal
edema, and optic disc edema, were presented in only 8
(15.1%) preeclampsia eyes but in 44 (97.8%) malignant
hypertensive eyes (p= 0.001). The factors positively asso-
ciated with the presence of hypertensive retinopathy fea-
tures included SBP (p < 0.0001), DBP (p < 0.0001), PR
(p= 0.021), and the degree of CMT change (p= 0.017).
Representative cases of preeclampsia and malignant
hypertension are shown in Figs. 1 and 2.

Discussion

To our knowledge, this is the first study to use multimodal
retinal imaging to evaluate and compare clinical manifes-
tations in SRDs in preeclampsia and malignant hyperten-
sion patients. This study demonstrated that blood pressure
profiles, including SBP, DBP, and PR, were significantly
lower in preeclampsia patients than in malignant hyper-
tension patients. The mean SBP was 155.63 mmHg in
preeclampsia patients, in whom it rarely increased to over
180 mmHg, whereas the mean SBP was 202.63 mm Hg in
malignant hypertensive patients. While hypertensive chor-
oidopathy features with markedly thickened choroid and
SRDs [9] were observed in both groups, hypertensive
retinopathy features, such as hemorrhage, exudates,
cotton-wool spots, diffuse retinal edema, and optic disc
edema, were predominantly present in the malignant
hypertension patients. Although preeclampsia-induced
hypertension and malignant hypertension may not share
a common pathophysiology, this finding may suggest that
retinopathy is associated with even higher blood pressure
levels than are found in choroidopathy. Preeclampsia
patients could be viewed as having not achieved a
“malignant” threshold level toward the development of
retinopathy. The copresence of choroidopathy and retino-
pathy features in some preeclampsia patients may be a
manifestation of preeclampsia choroidopathy super-
imposed on preexisting hypertension rather than the con-
current development of both [19]. The statistical
association revealed in this study between the presence of
hypertensive retinopathy features and increased blood
pressure adds support to this hypothesis. There are several

Fig. 1 A 34-year-old woman with preeclampsia. Corrected distance
visual acuity (CDVA) was 20/30 in the right eye and 20/50 in the left
eye on the day of delivery. Her blood pressure was 159/94 mmHg at
initial presentation. (Top row) Serous retinal detachments and retinal
edema were found in both eyes in color fundus photos (first and third
images) and fundus autofluorescence images (second and fourth
images). No retinal hemorrhage or cotton-wool spots were observed.
(Second row) Indocyanine green angiography showed early choroidal
filling delay (first and third images) and late choroidal hyperperme-
ability (second and fourth images). (Third row) Large amounts of
subretinal and retinal fluid obscured the choroid in both eyes on
enhanced-depth imaging optical coherence tomography (EDI-OCT).
(Fourth row) 3 days after delivery, EDI-OCT showed that the amounts
of subretinal and retinal fluid with fibrinoid exudation were decreased
in both eyes. Yellow triangles indicate the margin of the choroidal
layer. Choroidal thickness was 488 µm in the right eye (left image) and
504 µm in the left eye (right image). (Fifth row) 4 months later, her
CDVA improved to 20/20 in both eyes. Multiple outer retinal and
retinal pigment epithelial (RPE) lesions remained following the reso-
lution of subretinal and retinal fluid. Choroidal thickness decreased to
302 µm in the right eye (left image) and 308 µm in the left eye (right
image). (Bottom row) OCT angiography (OCTA) revealed an absence
of flow signal at the level of the choriocapillaris in both maculae. A
corresponding OCT scan acquired at the level of the green line shown
on the OCTA image confirmed that this flow void area at the level of
the choriocapillaris was not caused by signal attenuation due to
overlying hyperreflective lesions (red line). The extent of chor-
iocapillaris involvement exceeded the detectable outer retinal and RPE
structural changes. No significant abnormalities were found at the level
of Haller’s layer in either macula
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explanations for why the choroidal vasculature is affected
earlier in hypertension. Anatomically, the choroidal
arteries are not highly branched and run a relatively short
course at a right angle to supply the choriocapillaris; thus,

blood pressure is transmitted more directly to chor-
iocapillaris [20–22]. Functionally, the choroidal vascu-
lature has few autoregulatory properties and is controlled
primarily by the sympathetic nervous system, while the

Fig. 2 A 38-year-old man with
malignant hypertension. The
corrected distance visual acuity
was 20/20 in both eyes, and his
blood pressure was 180/123 mm
Hg at the initial presentation.
(Top row) Color fundus photos
showed multiple retinal
hemorrhages, cotton-wool spots
and signs of hypertensive
retinopathy (first and third
images), and fluorescence
angiography showed multiple
late-phase leakage (second and
fourth images). (Second row)
Indocyanine green angiography
showed early choroidal filling
delay (first and third images) and
middle- to late-phase multiple
hyperfluorescent spots (second
and fourth images). (Third row)
On enhanced-depth imaging
optical coherence tomography
(EDI-OCT) performed through
the macula at the initial
examination, mild outer retinal
edema was observed in the
macula nasal to the fovea in the
right eye (left image), and serous
retinal detachment and outer
retinal edema were present in the
left eye (right image). Yellow
triangles indicate the margin of
the choroidal layer. Choroidal
thickness was 372 µm in the
right eye and 349 µm in the left
eye. (Fourth row) Serous retinal
detachment and outer retinal
edema improved at 3 weeks,
when his blood pressure
returned to normal. Choroidal
thickness decreased to 300 µm in
the right eye (left image) and
309 µm in the left eye (right
image). (Fifth row) One year
later, no definite outer retinal or
RPE structural changes were
found in either eye on EDI-
OCT; however, (bottom row)
multiple areas of decreased flow
signal were observed at the level
of the choriocapillaris in both
maculae on OCT angiography
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retinal circulation is governed by autoregulatory mechan-
isms. Hence, if elevated blood pressure overcomes the
compensatory sympathetic response, it can damage the
choroidal vasculature [23], whereas retinal vessels are able
to tolerate much higher blood pressure while maintaining
vascular tone because they possess autoregulatory
mechanisms [22]. However, it must be noted that pre-
eclampsia and malignant hypertension are marked by
different pathophysiologies; thus, the differences in their
ocular manifestations should not be expected to be solely
dependent on their differences in blood pressure levels.

It is worth noting that the degree of SRD and increases in
CT were more pronounced in preeclampsia patients than in
malignant hypertension patients. The reason that pre-
eclampsia patients are marked primarily by choroidopathy
but not retinopathy may not be entirely due to their less
malignant blood pressure levels. Abnormal placentation
causes chronic placental ischemia and oxidative stress,
inducing the release of substances into the maternal circu-
lation; these include free radicals, oxidized lipids, and anti-
angiogenic factors, such as soluble Flt1, which are
responsible for the generalized endothelial dysfunction seen
in preeclampsia [24–27]. Generalized vasospasm is another
characteristic of preeclampsia [26, 28, 29]. Endothelial
dysfunction and vasospasm of the choroidal circulation
could cause fibrinoid necrosis of choroidal vessels with
occlusion of the choriocapillaris, leading to necrosis of the
overlying RPE and the development of SRD in pre-
eclampsia choroidopathy [22]. Retinal arteriolar constric-
tion is also commonly observed in preeclampsia,
presumably as a result of retinal artery vasospasm, as sug-
gested by the increased central retinal artery blood flow
velocity observed in affected patients [30]; however, it may
be well tolerated by retinal autoregulation, as previously
mentioned. The choroidal thickening observed in pre-
eclampsia could be caused primarily by venous congestion,
which can be inferred from kidney tests because the kidneys
and eyes share striking similarities in terms of their struc-
tural, physiological, and pathogenic pathways [31]. In the
glomeruli of preeclampsic women, resistance in afferent
arterioles is substantially increased, but efferent resistance is
not as changed [32]. We speculate that choroidal resistance
at the level of the large venular side might also not be
increased in preeclampsia.

Visual outcomes were favorable in preeclampsia patients
and variable in malignant hypertensive patients. A poor
visual prognosis was associated with the presence of reti-
nopathy and a macular location of SRDs. After SRDs were
resolved, CT decreased, but areas of flow signal attenuation
were observed at the level of the choriocapillaris on OCTA
and found to overlie dilated choroidal vessels in some
patients (Figs. 1 and 2). In some areas with reduced inner
choroid flow, this flow seemed to be responsible for inner

choroidal thinning under acute conditions and manifested as
areas of inner choroidal ischemia.

In conclusion, the results of the present study illustrate
the differences between the clinical manifestations of
patients with choroidopathy in preeclampsia and those
with malignant hypertension. SRD and choroidal thick-
ening were more pronounced in preeclampsia choroido-
pathy but resulted in more favorable visual outcomes
when observed in the absence of retinopathy features,
including hemorrhage, exudates, and cotton-wool spots.
Choroidal thickening accompanied by the dilation of large
choroidal vessels and hyperpermeability could be caused
by choroidal ischemia related to endothelial dysfunction,
vasospasm, and systemic hypertension, as demonstrated
in these patients.

Summary

What was known before

● SRD develops in moderate hypertension in
preeclampsia.

● The clinical features of preeclampsia/eclampsia chor-
oidopathy in SRD have not been fully investigated.

What this study adds

● Elevated blood pressures affect the choroid earlier than
the retina.

● Choroid thickness decreases after hypertensive choroi-
dopathy resolves.

● Additional retinopathy in hypertensive choroidopathy
carries a poorer visual prognosis.
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