Characterizing changes in retinal perfusion in high risk pregnancies

with optical coherence tomography angiography
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Introduction

Results/Discussion

87 women

The retinal vasculature can be used as a surrogate for microvascular
changes throughout the body. Abnormal vascular changes in the
placenta during pregnancy are associated with increased maternal
and fetal morbidity and mortality. While studying retinal vasculature
during pregnancy may shed light on systemic vascular changes also
affecting the placenta, this has been limited due to the pregnancy
category C status of fluorescein dye and dilating drops. The purpose
of this study was to use noninvasive optical coherence tomography
angiography (OCT-A) to compare the retinal vasculature in third
trimester high risk pregnancies to low risk pregnancies.

174 eyes
Exclusion criteria:
- Spherical equivalent >-6.00 per most recent prescription
- History of eye surgery
- History of glaucoma, retinal disease, cataracts, uveitis, or other
major eye disease
150 eyes

Methods

134 high risk pregnancy

Study group: High risk pregnancy was defined as any medical
condition necessitating regular outpatient prenatal nonstress tests to
monitor fetal health. Women with high risk pregnancies in the third
trimester were recruited from the UCLA Ronald Reagan fetal
diagnostics unit. Women with low risk pregnancies were recruited
from an affiliated outpatient obstetrics clinic.
Imaging: Non-pharmacologic dilation was achieved by allowing the
patient to rest in a dark room for at least five minutes. OCT-A
imaging was performed with Heidelberg Spectralis machines.

16 low risk pregnancies

Figure 2. A total of 87 women were recruited. Each eye had exclusion
criteria applied in independent of the fellow eye. Following exclusion
criteria, a total of 150 eyes were included in analysis.
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Exclusion criteria: See Figure 2.
Analysis: Images were viewed and exported into ImageJ with Heyex
6.9.x and 6.10.x software. Vessel perfusion density (PD) and vessel
length density (VLD) of the superficial vascular plexus (SVP),
intermediate capillary plexus (ICP), and the deep capillary plexus
(DCP) were calculated in ImageJ per prior published technique.
Seven zones in each layer were analyzed: 1) entire image (entire
field of view); 2) fovea (circle centered on the fovea with 0.5mm
radius); 3) parafovea (ring centered on the fovea with inner/outer
radii of 0.5/1.5 mm); and 4-7) superior, inferior, nasal, and temporal
inner macula subfields per the early treatment diabetic retinopathy
study (Figure 1). Post-partum imaging at 2-6 months was performed
on a subset of patients.

Temporal

Right Eye

Left Eye

Superior

Superior

Foveal

Inferior

Nasal

Nasal

Foveal

Figure 1. ETDRS subfields in the right and left eyes: The foveal, superior,
nasal, temporal, and inferior regions are shown, with the fovea being
1mm in diameter. The parafoveal region is the sum of the superior, nasal,
temporal, and inferior subfields.

Perfusion density, foveal zone
Low risk
P value
pregnancy

7.97 ± 4.02

14.56 ±4.42 <0.0001

Vessel length density, foveal zone
High risk
pregnancy

Low risk
P value
pregnancy

SVP

1.91 ± 0.96

3.54 ±1.15

0.0001

ICP 17.02 ± 4.34 22.82 ± 2.60 <0.0001

ICP

4.12 ± 1.06

5.54 ± 0.76

<0.0001

DCP 7.55 ± 4.11

DCP 1.90 ± 1.04

2.87 ± 1.18

0.0080

SVP

High risk
pregnancy

11.25 ± 4.40

0.0068

Perfusion density, entire image
High risk
pregnancy

Vessel length density, entire image

Low risk
P value
pregnancy

High risk
pregnancy

Low risk
P value
pregnancy

SVP 31.91 ± 1.56 33.46 ± 1.25 0.0003

SVP

8.25 ± 0.55

8.72 ± 0.66

0.0162

ICP 31.92 ± 1.40 32.38 ± 1.27 0.2152

ICP

8.48 ± 0.45

8.51 ± 0.38

0.5843

DCP 32.66 ±1.85 32.32 ± 1.18 0.3570

DCP 8.83 ± 0.60

8.63 ± 0.45

0.1577

Table 1. Significant hypoperfusion was found in the PD and VLD of all three
vascular beds in the foveal zone. However, when the entire field of view was
analyzed, only the SVP demonstrated significant hypoperfusion in both PD and
VLD.

Conclusions
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A total of 134 and 16 eyes from women with high and low risk pregnancies,
respectively, were imaged (Figure 2). The most common reasons for high
risk pregnancy were advanced maternal age (55 patients), diabetes mellitus
(16 patients), intrauterine growth restriction (12 patients) and hypertension
(12 patients). High risk eyes demonstrated significant decreases in PD and
VLD in the foveal zone of all three vascular beds in comparison to low risk
eyes. However, when the entire field of view was analyzed, only PD and
VLD of the SVP showed significance hypoperfusion. The foveal zone may
be the most sensitive area to examine due to the baseline low perfusion of
the foveal avascular zone relative to the rest of the retina. Imaging was
repeated in 6 eyes in 3 women with high risk pregnancies in the postpartum
period. Postpartum imaging revealed a nonsignificant trend toward opposite
perfusion changes in SVP-PD/VLD and DCP-PD/VLD. This suggests a
reversal of vascular perfusion changes in pregnancy. However, postpartum
data is significantly limited by the limited number of eyes imaged.

Figure 3. Processing of representative images: Representative images shown from the
superficial vascular plexus (column A), intermediate capillary plexus (column B), and
deep capillary plexus (column C). ETDRS subfields are overlayed on the image and
centered over the fovea (row 2). The area of the binarized image (row 3) is summed to
calculate summative vessel perfusion density. The image is subsequently skeletonized
and the area calculated again to determine vessel length density.

1) OCT-A can be used to safely and noninvasively characterize the retinal
vasculature during pregnancy.
2) Relative to low risk pregnancies, high risk pregnancies experience
significant reductions in vascular perfusion in the SVP-PD and SVP-VLD.
3) Changes in the retinal vasculature in pregnancy trend towards the
opposite direction in the postpartum period, suggesting reversibility.
4) Further studies may be warranted to better characterize the effect of risk
factors on retinal vasculature perfusion and if perfusion changes are fully
reversed with delivery.

