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Abstract

Objective—Severe preeclampsia complicates roughly 1% of all pregnancies. One defining 

feature of severe preeclampsia is new onset visual disturbance. The accessibility of the choroid 

to high-resolution, noninvasive imaging makes it a reasonable target of investigation for disease 

prediction, stratification, or monitoring in preeclampsia. This study aimed to compare subfoveal 

choroidal thickness between women with severe preeclampsia and those with normotensive 

pregnancies, and to investigate associations between such findings and other indicators of disease 

severity, including gestational age and serum angiogenic factors.

Study Design—We designed a case-control study comprised of 36 women diagnosed with 

severe preeclampsia (cases) matched to 37 normotensive women (controls) by race/ethnicity and 

parity, all diagnosed in the postpartum period. All patients underwent enhanced depth imaging 

spectral-domain optical coherence tomography and serum analysis.

Results—Cases showed no difference in subfoveal choroidal thickness compared with controls 

(p = 0.65). Amongst cases, subfoveal choroidal thickness and gestational age at delivery were 
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inversely related (r = 0.86, p <.001). There was a positive association of placental growth factor 

with subfoveal choroidal thickness amongst cases (r = 0.54, p = 0.002).

Conclusion—This study suggests a relationship between the degree of disease severity and the 

magnitude of choroidal thickening. We also show an association between this index and placental 

growth factor level in the postpartum period. Preeclampsia is a multisystem disease of pregnancy 

characterized by new onset hypertension with proteinuria or end-organ dysfunction after 20 weeks 

of gestation.1 It occurs in approximately 3.4% of pregnancies in the United states.2 Because 

the only known cure is delivery of the placenta, preeclampsia is a leading cause of preterm 

delivery and associated morbidities in the newborn. Severe preeclampsia, defined by the presence 

of severely elevated blood pressure or other systemic features, complicates roughly 1% of all 

pregnancies.3 One defining feature of preeclampsia with severe features (sPE) is new onset visual 

disturbance, which can include obscuration, photopsia, scotoma, or visual loss.4,5

Condensation

Subfoveal choroidal thickness is increased in patients with preeclampsia diagnosed at earlier GAs 

as compared with later GAs and those patients without hypertensive disorders of pregnancy.
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There are several case reports and series in the literature describing ophthalmic findings 

in patients with preeclampsia, including macular edema, subretinal fluid, and serous retinal 

detachments.6–9 Angiography in patients with retinal findings in the acute phase of the 

disease has revealed choroidal nonfilling, retinal vascular leakage, and defects in the 

retinal pigment epithelium (RPE).8,10 Dysregulation of angiogenesis, systemic intravascular 

inflammation, and endothelial dysfunction, particularly of the fenestrated renal vasculature, 

are central features of preeclampsia pathophysiology.11 One well-established correlate of 

these processes is that levels of the circulating factors soluble endoglin (sEng), soluble 

fms-like tyrosine kinase-1 (sFlt-1), and placental growth factor (PlGF), are demonstrably 

altered in preeclampsia.12–14

Given that the choroid is (1) a microvascular structure with fenestrated endothelium similar 

to the renal vasculature, and (2) responsive to sEng, placental growth factor (PlGF) and 

vascular endothelial growth factor (VEGF), it has been a logical target of investigation for 

derangements during preeclampsia.15,16 Given the unique accessibility of the choroid to 

high- resolution, noninvasive imaging, several studies have sought to identify changes in 

this structure’s thickness. Any significant quantitative changes to the structure or function of 

this potentially representative microvascular tissue in the setting of preeclampsia could be 

clinically useful in disease prediction, stratification, and/or monitoring.

Studies have been inconclusive on whether the choroid thickens in women with 

preeclampsia as compared with normotensive pregnant controls or nonpregnant women. 

A review of available evidence suggests that while the choroid thickens during a normal 

pregnancy, it is unclear whether it thickens excessively during preeclampsia; except perhaps 
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in severe cases demonstrating frank macular edema.17,18 We explored multiple factors 

potentially affecting subfoveal choroidal thickness (SFCT) in preeclampsia. Specifically, we 

hypothesized that in pregnancies affected by preeclampsia, elevations in sFlt-1 and sEng, as 

well as decreases in PlGF, would correlate with changes in choroidal thickness (CT).

Materials and Methods

Study Population

The study population for this case-control study consisted of postpartum women diagnosed 

with severe PE who were matched by ethnicity and parity to a group of postpartum 

normotensive patients (controls). Inclusion criteria for cases included a diagnosis of severe 

PE or eclampsia as defined by American College of Obstetricians and Gynecologists 

guidelines.1 Controls included women who were normotensive before, during, and after 

delivery. Women with diagnoses of chronic or gestational hypertension, as well as 

pregestational or gestational diabetes, were excluded from both groups to avoid the 

potentially confounding effects these processes have on choroidal anatomy and function. 

Patients meeting inclusion criteria in either group, and lacking any aforementioned exclusion 

criteria were identified and recruited in the postpartum period (median postpartum day 3, 

range: 1–14 days), and underwent an ophthalmic examination and blood draw as described 

below. Features defining the severity of diagnosis were recorded, including maximum 

systolic and diastolic blood pressure during delivery admission, gestational age (GA) at 

delivery, and subjective visual disturbances.

Patients were recruited between December 2012 and June 2016. This study received 

approval through the ethics review committee of The Columbia University Medical Center’s 

(CUMC) Institutional Review Board (IRB-AAAK4352). Written informed consent was 

obtained from all patients.

Image Acquisition and Analysis

The Heidelberg Spectralis (Heidelberg Spectralis HRA.OCT version 1.7.0.0; Heidelberg 

Engineering, Heidelberg, Germany) was used to perform enhanced depth imaging spectral-

domain optical coherence tomography (EDI SD- OCT) imaging. Horizontal foveal line 

scans were used for measurements of the subfoveal choroidal thickness. SD-OCT images 

were viewed with Heidelberg software (Spectralis Viewing Module 5.4.6.0; Heidelberg 

Engineering, Heidelberg, Germany). SFCT was measured at the fovea and defined as the 

distance between the outer portion of the RPE to the inner surface of the sclera, measured in 

micrometers with the Heidelberg Eye Explorer interactive software’s manual calipers tool.19 

Axial length measurements were obtained with IOLMaster (Carl Zeiss Meditec). As SFCT 

decreases with myopia, elongated axial length was adjusted according to measurements 

observed by Flores-Moreno et al; adjustments in axial length were made for all patients with 

an axial length greater than 23.7 mm, with 25.9 μm added to the measured SFCT for every 

1-mm increase above 23.7 mm.20
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Serum Analysis

All patients underwent a 10 mL blood draw by standard venipuncture performed prior 

to image acquisition by a qualified research assistant. After clotting at room temperature, 

serum was centrifugally isolated within 3 hours of collection, then stored on site in a −20°C 

freezer. All serum was ultimately batch analyzed for PlGF (limit of quantitation (LOQ): 15.6 

pg/mL, intra-assay coefficient of variation (CV):5.4%, interassay CV: 11.2%), sEng (LOQ: 

0.156 ng/mL, intra-assay CV: 3%, inter-assay CV: 6.5%), and sFlt-1 (LOQ: 31.3pg/ml, 

intra-assay CV: 2.6%, interassay CV: 6.36%), by the Irving Institute’s Biomarker Core 

Laboratory. Serum was not available for six of the cases and one of the control patients.

Statistical Analysis

Statistical analyses were performed by creating generalized linear regression models based 

on the method of generalizing estimating equations to examine the SFCT in relation to the 

cases and controls. As assessments and data were available from both eyes for each patient, 

models were corrected for intracluster correlation. Failure to correct for clustering between 

two eyes within a woman would lead to imprecise variance estimates, and consequently 

incorrect statistical inferences. As not all cases had a match, residual imbalance was 

accounted for by adjusting for the confounding effects of race/ethnicity and parity, in 

addition to maternal age, body mass index. A sample size of 68 (34 subjects and 34 controls) 

was required to detect a 15% difference in SFCT between cases and controls with a power 

of 0.8 (β = 0.2) and a two-tailed α = 0.05 based on an expected distribution of SFCT in 

pregnant women.21

The following measures were independently compared between case and control groups 

using a nonparametric two-tailed Mann–Whitney U-test: sFlt-1, sEng, PlGF, and sFlt-1:PlGF 

ratio levels. To investigate the relationship between SFCT and these biomarkers of 

preeclampsia, we determined a Pearson’s correlation coefficient (r) for each comparison 

and determined the significance of these correlations with t-tests.

Results

Patient Demographics

This study included 73 patients, 36 severe PE cases and 37 normotensive controls. ►Table 

1 summarizes demographic characteristics of these two groups. Cases were examined on 

postpartum day 3 (range: 1–14 days), and controls were examined on postpartum day 2 

(range: 1–3 days). Seventeen of the 36 severe PE cases (47%) and two of 37 controls (5%) 

reported having at least one subjective visual disturbance during the pregnancy or early 

postpartum period.

Features Noted on EDI SD-OCT

After adjusting for myopia, the mean subfoveal choroidal thickness of cases and controls 

was 351 ± 84 and 351 ± 108 μm, respectively. After adjusting for confounding variables and 

intracluster correlation between eyes, there was no difference between groups (p = 0.652). 

Results are summarized in ►Fig. 1, with a representative EDI SD-OCT image and choroidal 

thickness measurement shown in ►Fig. 2.
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Comparison of SFCT and Disease Severity

Amongst cases, SFCT and GA at delivery were inversely related (r = − 0.71, p < 0.001). 

Conversely, no relationship was found between choroidal thickness and GA in controls (r 
= 0.53, p = 0.05). No relationship was found between choroidal thickness and maximum 

peripartum mean arterial pressure (MAP) amongst cases or controls (r = 0.47, p = 0.09; 

r = 0.53, p = 0.05). Similarly, no difference was found in CT when comparing those 

patients who had any reported visual disturbances and those who hadn’t, amongst both cases 

and controls (p = 0.7). These results are illustrated in ►Figs. 3 and 4. A subanalysis of 

ophthalmic studies disclosing subretinal fluid revealed an SFCT of 512 ± 74 μm, different 

from the overall severe PE group (p = 0.003).

Angiogenic Factors

The average levels of sEng, sFlt-1, PlGF, and sFlt-1:PlGF ratio for the normotensive 

postpartum and severe preeclamptic groups were 8.06 ± 3.42, 822 ± 465, 19 ± 6, and 

45 ± 25 and 27.82 ± 18.91, 1,551 ± 1,245, 21 ± 8, and 74 ± 46 pg/mL, respectively. Mann–

Whitney U-test comparison between the groups for each of these factors showed that sEng, 

sFlt-1, and the sFlt-1:PlGF ratio was all significantly greater in the preeclamptic group than 

the normotensive group (p < 0.001, p = 0.002, and p =0.006, respectively), while there was 

no difference for PlGF (p = 0.249). These findings are illustrated in ►Fig. 5.

Following the analysis of distributions, we calculated correlations for each factor with SFCT 

in the severe preeclampsia group, bivariate linear fits are demonstrated in ►Fig. 6. The sole 

significant correlation was a positive one between PlGF and SFCT (r = 0.55, p = 0.002). No 

relationship was found between sEng, sFlt-1, or the SFlt-1:PlGF ratio, and SFCT (r = 0.26, p 
= 0.738; r = 0.36, p = 0.497; r < 0.001, p = 0.973).

Comment

Principal Findings

Our primary result is that there is no significant difference in SFCT in the early postpartum 

period between severe preeclamptics and pregnancies unaffected by hypertensive disorders. 

However, we show that despite a direct relationship between GA and choroidal thickness 

in normal pregnancy, there exists an inverse relationship between these measures within 

patients with severe preeclampsia. We also show an association between this ophthalmic 

imaging index and placental growth factor level in the postpartum period.

Clinical Interpretation

Many case reports and series in the literature have described qualitative ophthalmic 

findings in patients with preeclampsia, including macular edema, subretinal fluid, serous 

retinal detachments, retinal vascular leakage, and RPE defects.6–10 There have been fewer 

quantitative studies, and of these, results are mixed. To our knowledge, this is the largest 

quantitative study of choroidal changes in severe preeclampsia and the first to associate 

changes in choroidal thickness to other more firmly established factors.
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In preeclamptic patients, Sayin et al22 found that SFCT values were similar to those of 

nonpregnant women, and less than those of healthy pregnant women. This is in contrast 

to other studies showing an increased SFCT in preeclampsia. Ataş et al23 found that both 

healthy pregnant women and those with preeclampsia had increased SFCT compared with 

nonpregnant women, but that the increase in preeclampsia was less than that of healthy 

pregnant controls, and suggested that peripheral vasospasm might be contributing to this 

difference. Kim et al18 showed an increased SFCT in women with preeclampsia compared 

with normotensive controls in the third trimester and postpartum period, hypothesizing that 

the difference results from increased hydrostatic pressure of the tissue. Previous research 

from our ongoing study by Garg et al17 showed increased SFCT in patients with severe 

preeclampsia as well and found that there was no difference between these values in 

normotensive controls and a nonpregnant reference group.

The present study found that the mean adjusted SFCT was not increased in women with 

severe preeclampsia cases compared with normotensive postpartum controls. These findings 

differ from our earlier results. It is more difficult to obtain accurate measurements of the 

choroid, as it becomes more edematous, which biases the results toward the null. It is 

possible that the results presented here are skewed toward showing no association because of 

this phenomenon.

Dissimilar conclusions from previous studies measuring this outcome can be attributed to 

several factors. The first relates to the small sample size that each study was able to attain, 

and a bias toward recruiting less-severely-ill patients who are more clinically stable and 

therefore more likely to volunteer their time for a potentially lengthy eye examination. 

Variation in the severity of disease is another potential source of bias between studies. Given 

the heterogeneous nature of preeclampsia and its pathophysiology, including early-onset and 

late-onset disease in a single cohort might bias toward the null hypothesis by including 

patients with a less severe form of disease with a more limited duration and degree of 

damage to choroidal microvasculature. Finally, the stage of pregnancy at which each study 

group was imaged would impact SFCT, as evidenced by studies showing an upward trend of 

choroidal thickness in the first and second, followed by a decline in the third trimester.24–26

We also investigated the correlation between SFCT and alternative indicators of disease 

severity, including maximum blood pressure and earlier GAs of delivery. We hypothesized 

that there would be a linear relationship between these alternative measures of preeclampsia 

severity and presence of ophthalmic findings. We showed that amongst cases, CT and GA 

at delivery were indeed inversely related as anticipated. However, no relationship was found 

between choroidal thickness and maximum MAP. These findings support the notion that 

more severe disease, as indicated by the need to deliver at an earlier GA, leads to more 

severe ophthalmic findings. The fact that a similar correlation was not seen between imaging 

findings and MAP supports the idea that the ophthalmic findings in severe PE are distinct 

from hypertensive retinal changes.10,17 The increase in CT seen at earlier GA might again 

be biased by the reported physiologic rise and fall of SFCT during the second and third 

trimesters, rather than as a consequence of disease severity. As we did not collect imaging 

data throughout pregnancy, we did not have the ability to make this direct comparison. Other 

measures of disease severity, such as degree of renal or hepatic injury, were not collected in 
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this study, thereby limiting any conclusion we could make regarding the independent effects 

this end-organ damage may have on choroidal thickness.

This study also reported on the state of several angiogenic factors measured in the 

postpartum period. We found, consistent with previously reported literature that there is 

an increase in sFlt-1, sEng, and the sFlt-1:PlGF ratio in cases versus controls.13,27,28 The 

fact that our study group expressed severe features of the disease made this observation more 

likely, with a linear relationship reported between severity and factor derangement, even in 

the postpartum period.35 Several studies show that normalization of sFlt1 and sEng takes 1 

to 7 days, and so our postpartum findings confirm the literature.29,30

Serum PlGF normalizes by the first day postpartum, potentially explaining the lack 

of difference between our groups for this factor.31 While there was no difference 

between serum levels, we did find a positive association of PlGF with SFCT in severe 

preeclampsia. This might be understood in the context of PlGF’s role as a proangiogenic 

agent in both retinal and choroidal vasculature.16,32 PlGF is thought to contribute to 

angiogenesis in pathological states of repair, after ischemic damage has occurred. In the 

case of preeclampsia, where PlGF is reduced compared with normotensive controls, an 

antiangiogenic balance might reduce the ability of the choroid to maintain its thickness 

following an inflammatory or ischemic insult.14 In this way, we anticipate that more 

severe or early-onset disease might produce a thinner choroid. The lack of association 

between sFlt-1and sEng and SFCT might be explained by the insensitivity of these 

measures to choroidal thickness. In their roles, as soluble receptors for transforming growth 

factor-B1 and vascular endothelial growth factor family proteins, sFlt-1 and sEng act to 

reduce endothelial function and ability to vasodilate but not directly on vessel density or 

volume.32 In this way, choroid thickness may be maintained despite the increase in these 

anti-angiogenic factors and subsequent damage to endothelial cell function.33

The finding of a correlation of PlGF with SFCT in preeclampsia might be interpreted in 

multiple ways. Intravascular inflammation and vasospasm induced by preeclampsia may 

impact choroidal thickness in a thresholded manner, whereby only an acute or prolonged 

ischemic event of the vasculature would lead to either increased permeability of the tissue 

or a compensatory increase in upstream blood flow that force-dilates the microcirculation. 

This theory is supported by our finding that the SFCT was increased in those patients who 

presented with subretinal fluid, that is, a break-through event. Alternatively, there may be 

competing effects to the SFCT by the two major components of the choroid. Hypothetically, 

if the stromal area of choroid was increasing with transudative edema, as the disease 

progressed, the luminal area of the choroid might be contracting with vasospasm or reducing 

in density in response to the antiangiogenic balance generated by a diseased placenta, 

thereby suppressing any global increases in thickness.

While the role of SFCT as a predictive or risk-stratifying factor for preeclampsia isn’t 

supported by our work, it is clear that the choroid does respond differentially in some ways 

in preeclampsia. Our findings may encourage the pursuit of a more granular characterization 

of the choroid, such as the choroidal vascular index (CVI) or caliber, branching, and flow 

indices of choroidal vasculature provided by OCT angiography.34 Future studies might also 
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report on similar outcomes as this one, but in a strictly gestational-age matched series 

throughout the third trimester, to control for the dynamic physiological changes to choroid 

that are likely occurring during this period. Finally, improved ultrasound resolution of 

choroidal blood flow characteristics using plane-wave technology might help to clarify the 

relationship between choroidal thickness and its immediate perfusion by ciliary arteries in 

both physiologic and pathologic states.
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Fig. 1. 
Mean choroidal thickness in severe preeclampsia and normotensive postpartum controls with 

standard error bars. After adjusting for confounders and intracluster correlation between 

eyes, there was no significant difference between the groups (p = 0.652). NP, normotensive 

postpartum; sPE, severe preeclampsia.
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Fig. 2. 
Subfoveal choroidal thickness measurement. EDI SD-OCT image from a patient with severe 

preeclampsia, demonstrating caliper measurement of subfoveal choroidal thickness. EDI-

SD-OCT, enhanced depth imaging spectral-domain optical coherence tomography.
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Fig. 3. 
Choroidal thickness in μm versus gestational age at delivery in weeks. For patients 

with severe preeclampsia, there was an inverse relationship (r = −0.71, p < 0.001). No 

relationship was seen in normotensive postpartum controls (r = 0.53, p = 0.05). NP, 

normotensive postpartum; sPE, severe preeclampsia.
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Fig. 4. 
Choroidal thickness in μm versus maximum peripartum MAP in mmHg. No relationship 

was seen in cases or controls (r = 0.47, p = 0.09; r = 0.53, p = 0.05). MAP, mean arterial 

pressure; NP, normotensive postpartum; sPE, severe preeclampsia.

Stern-Ascher et al. Page 14

Am J Perinatol. Author manuscript; available in PMC 2024 February 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 5. 
(A–D) Serum angiogenic factor analysis. All serum analysis is in terms of pg/mL and each 

analyzed factor is displayed with mean and standard deviation in light blue bars for the 

two separate populations, severe preeclampsia cases and normotensive controls. p-Values 

performed for each factor are (A) p < 0.001 (B) p = 0.002, (C) p = 0.249, (D) p = 0.006, 

respectively. NPP, normotensive postpartum; PlGF, placental growth factor; sEng, soluble 

endoglin; sFlt-1, soluble fms-like tyrosine kinase-1; sPE, severe preeclampsia.
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Fig. 6. 
(A–D) Subfoveal choroidal thickness correlations with angiogenic factors. A bivariate 

distribution of each of three serum factor levels and the sFlt-1:PlGF ratio with SFCT in 

the severe preeclampsia group is displayed with a red linear fit line. Correlation values are 

(A) r = 0.26, p = 0.738; (B) r = 0.36, p = 0.497 (C) r = 0.55, p = 0.002, and (D) r < 0.001, 

p = 0.973. NPP, normotensive postpartum; PlGF, placental growth factor; sEng, soluble 

endoglin; SFCT, subfoveal choroidal thickness; sFlt-1, soluble fms-like tyrosine kinase-1; 

sPE, severe preeclampsia.
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