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Abstract
● AIM: To explore the feasibility of optical coherence 
tomography angiography (OCTA) in the early detection of 
syphilis and syphilitic chorioretinopathy.
● METHODS: Patients with newly diagnosed syphilis were 
enrolled from September 2022 to November 2023. All the 
participants underwent serological examinations including 
rapid plasma reagin (RPR) test and treponema pallidum 
particle agglutination (TPPA) test, as well as macular OCTA 
scanning. Quantitative indicators including macular vessel 
flow density (VFD), vessel length density (VLD), and foveal 
avascular zone (FAZ) were measured and analyzed.
● RESULTS: A total of 44 participants were recruited in 

this study, including 24 patients in the syphilis group (14 
males, mean age: 30.83±9.59y) and 20 healthy individuals 
in the control group (6 males, mean age: 29.6±11.86y). 
Compared with the control group, the syphilis group 
presented significantly higher macular VLD and VFD 
(P<0.05), as well as an increased FAZ perimeter. Subgroup 
analysis was performed based on RPR titers, with patients 
divided into the low-titer subgroup (1:2–1:4) and high-titer 
subgroup (1:8–1:128). Both subgroups showed elevated 
VLD and VFD (excluding inner VFD) relative to controls (all 
P<0.05). Moreover, significant elevation of VFD was only 
observed in the high-titer subgroup. Receiver operating 
characteristic analysis identified outer VLD as the optimal 
indicator for distinguishing syphilis patients from controls, 
with an area under the curve of 0.802 (95%CI: 0.667–0.937).
● CONCLUSION: Syphilis patients with either low or 
high RPR titers show increased macular VLD and VFD 
in the absence of obvious visual impairment, indicating 
the potential of OCTA microvascular parameters for early 
auxiliary diagnosis of syphilitic ocular lesions.
● KEYWORDS:  opt ica l  coherence tomography 
angiography; syphilis; microvascular morphology
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INTRODUCTION

S yphilis, a sexually transmitted infection caused by the 
bacterium Treponema pallidum. Recent decades have 

seen a concerning resurgence in global syphilis rates, including 
ocular syphilis (syphilis affecting the eyes)[1]. Ocular syphilis 
can manifest at any stage of infection and presents with diverse 
clinical features, including conjunctivitis, episcleritis, scleritis, 
optic neuritis, and chorioretinitis, as well as iridocyclitis, 
retinitis, and uveitis[2]. Among these, chorioretinopathy is the 
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most frequently observed manifestation, typically presenting 
with exudates, hemorrhages, retinal and choroidal necrosis, 
and vitreous opacities, which can result in optic nerve atrophy 
or permanent destruction of macular photoreceptor outer 
segments, ultimately leading to vision loss, especially in cases 
showing poor visual improvement after initial treatment[3].
Syphilitic chorioretinopathy may be misdiagnosed due 
to non-specific symptoms[4]. As the “great pretender”, 
syphilis infection can lie dormant for long periods and 
then unpredictably manifest with acute symptoms such as 
optic nerve retinopathy[5]. The presumptive diagnosis of 
syphilis relies on serological testing for both treponemal and 
nontreponemal antibodies, so asymptomatic infection may 
remain undetected until acute manifestations of advanced 
syphilis, a condition with generally poor prognosis. During 
this period, syphilis can also be transmitted to the fetus via 
the placental circulation[6-7]. Ocular syphilis with active 
inflammation responds well to penicillin treatment as long as 
it is diagnosed early and treated appropriately and promptly[8]. 
Unfortunately, as ocular manifestations mimic those of other 
ophthalmic diseases, including non-infectious diseases, the 
condition may be misdiagnosed or erroneously treated with 
steroids, which can lead to irreversible vision loss[4]. Therefore, 
early diagnosis of syphilitic chorioretinopathy is critical for 
improved outcome, but few have attempted to detect initial 
ocular signs in early-stage syphilis.
Ocular syphilis may arise as the only presenting feature 
within 6wk of transmission[9]. Unfortunately, older ophthalmic 
examination technologies were insufficient for detecting the 
underlying chorioretinopathy at these early stages, so imaging 
data were of limited value for diagnosis[10]. Early detection 
is of growing importance as syphilis incidence has increased 
and with it the incidence of syphilitic chorioretinopathy[11]. 
Eandi et al[12] reported that syphilitic chorioretinopathy 
manifested as scattered hypofluorescent spots on fluorescence 
angiography (FA) or as “leopard spotting”, followed by 
progressive hyperfluorescence. While fluorescein fundus 
angiography (FFA) is an important diagnostic tool for 
syphilitic chorioretinopathy, it is invasive and some patients 
may be allergic to the contrast medium. Thus, early diagnosis 
of syphilitic chorioretinopathy remains challenging in clinical 
practice. Nonetheless, ocular manifestations, including 
syphilitic chorioretinopathy, are potentially valuable diagnostic 
features for facilitating early treatment of potential fatal 
tertiary syphilis and neurosyphilis, so ophthalmologists have 
the opportunity to markedly improve outcomes[13].
Optical coherence tomography angiography (OCTA) based on 
optical interferometry enables high-resolution, noninvasive, 
and label-free imaging of living ocular tissues, and can be 
used to identify structural abnormalities compared to healthy 

tissue and healthy matched individuals during disease 
progression. Thus, OCTA may be particularly effective for the 
screening, early diagnosis, and monitoring of ocular syphilis, 
thereby preventing advanced-stage disease and reducing 
the risk of vision loss. However, there are few reports on 
OCTA in early syphilitic chorioretinopathy, and it is not clear 
whether the imaging features of OCTA will assist in clinical 
diagnosis. To further improve the early diagnosis of syphilitic 
chorioretinopathy, we investigated the diagnostic performance 
of OCTA parameters among patients with syphilis stratified by 
rapid plasma reagin (RPR) titer.
PARTICIPANTS AND METHODS
Ethical Approval  The study follows the Declaration of 
Helsinki and exempt from ethical review by the Committee on 
Medical Ethics, First Affiliated Hospital, University of South 
China (No.2025ll0320001). The requirement for informed 
consent was waved as the examinations were routine and 
did not influence treatment programs, while all results were 
anonymized.
Syphilis patients first diagnosed at the Department of 
Dermatology, First Affiliated Hospital, University of South 
China, were enrolled between Sep. 2022 and Nov. 2023. 
Diagnosis was based on RPR test with confirmatory 
Treponema pallidum hemagglutination assay (TPHA). In 
addition, recruited patients were screened for non-treponemal 
infection by the venereal disease research laboratory test. 
The following clinical data were collected at baseline (prior 
to antibiotic treatment): age, sex, human immunodeficiency 
virus (HIV) serological status, RPR/TPHA results, best 
corrected visual acuity (BCVA), intraocular pressure (IOP), 
slit-lamp and fundus examination results, and OCTA. Best-
corrected visual acuity was measured using a standard visual 
acuity scale, and converted to the logarithm (logMAR VA). 
Diagnostic confirmation required more than two positive RPR 
or TPHA test results and the final patient cohort excluded those 
with comorbid HIV infection. Other exclusion criteria were as 
follows: 1) poor quality images on OCT with a signal strength 
index less than six or significant motion artifacts; 2) ocular 
vasculitis or glaucoma, age-related macular degeneration, 
trauma, retinal detachment, and other congenital or genetic 
diseases; 3) current clinical manifestations of ocular syphilis 
(e.g., uveitis); 4) history of ocular disease or steroid use or 
surgery, uncontrolled hypertension, coronary heart disease, 
pregnancy, mental illness, or neurosyphilis; 5) diagnosis of 
uveitis and extremes of axial length (e.g., <22 mm or >26 mm). 
A healthy controls group was recruited at the same time. The 
healthy controls individuals without syphilis or HIV. 
All OCTA images were acquired using the CIRRUS OCT 
platform (ZEISS CIRRUS 5000, Carl Zeiss Meditec Inc, 
Dublin, CA, USA), each covering a 6 mm×6 mm macular 
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area centered on the macula. According to the Early Treatment 
Diabetic Retinopathy Study (ETDRS) standards: the macular 
is divided into the center subfield (a circular area centered on 
the fovea with a radius of 0.5 mm), the inner ring (the annular 
area between circles of radius 0.5 and 1.5 mm), and the outer 
ring (the annular area between circles of radius 1.5 and 3.0 mm). 
Imaging metrics included ganglion cell layer (GCL), retinal 
nerve fiber layer (RNFL), and macular foveal thickness, 
average volume thickness [the device software automatically 
computed the average thickness by dividing the total volume 
(sum of all pixel-wise thickness values) by the scan area], 
and cube volume (cube volume was derived by multiplying 
the scan area by the average thickness). We also compared 
microvascular parameters between syphilis patients and 
healthy controls. Vascular length density (VLD) was defined 
as the linear length of blood vessels in a given region divided 
by area, microvascular flow density (VFD) as the total vessel 
area per unit total area, and the avascular area of macular 
fovea (FAZ) as macular fovea area with no blood vessels. FAZ 
boundaries were identified using ZEISS CIRRUS 5000 with 
6 mm×6 mm scans centered on the fovea. FAZ was defined 
as the avascular area bordered by the terminal capillaries of 
the superficial capillary plexus (SCP). FAZ was automatically 
segmented by the device software with manual correction for 
artifacts. Total FAZ area (mm2) calculated by the software 
based on the delineated boundary. The perimeter identified 
as total length (mm) of the FAZ boundary. Circularity index: 
Calculated as a value of 1.0 indicates a perfect circle. FAZ 
parameters (area, perimeter, and circularity) were automatically 
determined using the built in segmentation algorithm of the 
Zeiss Angioplex OCTA system (software version 6.8.0.8308). 
FAZ was automatically segmented by the device software 
with manual correction for artifacts. In addition, patients 
were stratified into 2 groups according to RPR titer: 1:2–1:4 
(low), 1:8–1:128 (high). An automated tracking function was 
employed to produce a consistent image set and directly read 
from the CIRRUS OCT device’s built-in software, thereby 
ensuring image field consistency and accuracy of parameter 
measurements. Further, all examinations were completed in the 
same examination environment by the same examiners (Luo 
XY and Li JH). Two independent retinal specialists (Liu QP 
and Zhu YQ) reviewed and analyzed OCTA images, and any 
disagreement was adjudicated by a third person (Liu ZG).
Statistical Analysis  All data were analyzed using SPSS 
for Mac, version 22.0 (IBM Corp, Armonk, NY, USA). 
Measurement data were first tested for homogeneity of variance 
using the Shapiro-Wilk test and subsequently expressed as 
mean±standard deviation (SD). Qualitative variables are 
expressed as percentages and compared by χ2 tests. Layer 
thickness values [RNFL, fovea, ganglion cell complex (GCC)] 

and vascular metrics [VLD, VFD, and FAZ parameters (area, 
perimeter, morphology)] were compared between groups 
by independent samples t-test. Multiple groups/subgroups 
were compared by analysis of variance (ANOVA) with host-
hoc Dunn’s or Tukey’s multiple comparisons tests. Receiver 
operating characteristic (ROC) curves were constructed for 
each OCTA-derived vascular morphologic parameter to assess 
efficacy in distinguishing healthy from syphilitic eyes. A 
P<0.05 was considered statistically significant for all tests.
RESULTS
Baseline Characteristics of Patient and Healthy Controls  
The patient and healthy controls were well matched for age, 
with similar averages and ranges from young adult to middle 
age. The proportion of females was higher in the healthy 
controls group. All participants in both groups completed the 
entire examination battery.
There were no significant group differences in BCVA and IOP. 
However, various VLD and VFD parameters were significantly 
greater in the syphilis group compared to healthy controls. The 
RNFL was also thicker in the superior quadrant of syphilis 
patients, while the thickness of all other RNFL quadrants as 
well as fovea thickness, fovea cube volume, fovea volume 
thickness, GCC thickness, FAZ area, and FAZ morphology did 
not differ between groups (Table 1, Figure 1). The blood flow 
was stronger in syphilis patients than healthy controls, and 
the syphilis group exhibited more numerous distorted (highly 
nonlinear) vessels than healthy controls (Figure 2).

Table 1 Demographic and clinical characteristics of study participants
Parameters Syphilis Healthy P
Participants, n 24 20
Age, y, mean±SD 30.83±9.59 29.6±11.86
Sex, n (%)

Male 14 (58.33) 6 (30)
Female 10 (41.67) 14 (70)

RPR titer, n (%)
1:2–1:4 10 (41.67) NA
1:8–1:128 14 (58.33) NA

Eye, n 48 40
logMAR VA 0.00±0.02 0.00±0.00 0.196
IOP, mm Hg 14.3±1.73 13.6±1.81 0.070
RNFL thickness, μm 104.90±10.32 106.08±11.09 0.607

Superior 130.77±19.49 117.95±13.93 0.001
Inferior 135.15±13.58 132.85±15.605 0.463
Temporal 80.71±14.49 79.68±15.01 0.744
Nasal 71.77±14.38 72.98±12.97 0.684

Fovea thickness 243.5±15.83 246.45±19.15 0.431
Fovea cube volume 10.26±0.37 10.24±0.41 0.849
Fovea volume thickness 278.5±25.39 276.55±27.71 0.732
GCC thickness 85.71±4.47 85.48±4.89 0.816

All values are presented as the mean±SD. RPR: Rapid plasma regain; 

logMAR VA: Logarithm of the minimum angle of resolution visual 

acuity; RNFL: Retinal nerve fiber layer; IOP: Intraocular pressure; GCC: 

Ganglion cell complex; SD: Standard deviation; NA: Not applicable.



1780

Comparison of Vascular Parameters Between Healthy 
Controls and Syphilis Patients Stratified by RPR Test Titer  
The RPR titer was low (1:2–1:4) in 41.67% of syphilis patients, 
high (between 1:8 and 1:128) in 58.33%. The syphilis group 
was divided into low-titer and high-titer groups (Table 2). The 
VLD values for the entire scanned area (full) and all three 
subregions (center, inner and outer ring) were higher in the 
low-titer and high-titer patient group than the healthy controls 
group (P<0.05). Although there was no significant difference 

within the group, the trend line showed that retinal blood linear 
length was still on an upward or stable trend (except outer 
ring). The VFD appears the same, implying the higher the titer 
and the greater the perfusion. It is mainly concentrated in the 
central, outer and full rings, and there is no significant change 
in the inner ring. In addition, FAZ parameters did not differ 
between groups (Figure 3).
Prediction of Syphilis by ROC Curve Analysis Based 
on Vascular Morphology Parameters  Based on the 

Figure 1 Comparisons of vascular parameters VLD, VFD, and FAZ between healthy controls and syphilis groups  VLD: Vascular length density; 

VFD: Vascular flow density; FAZ: Avascular area of macular fovea. aP<0.05, bP<0.01, cP<0.001, dP<0.0001.

Figure 2 OCTA images from healthy controls group eyes (A) and syphilis patients stratified by RPR test titer as 1:2 (low; B) and 1:128 (high; C)  The 

syphilis group exhibited greater blood flow and vascular twisting. OCTA: Optical coherence tomography angiography; RPR: Rapid plasma reagin.

Syphilis affects microvascular morphology
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aforementioned group differences, all regional VLD values 
and all regional VFD values except for VFD of the inner 
subregion may be fundus microvascular markers for ocular 
syphilis. Receiver operating characteristic curves constructed 
for VLD, VFD, and FAZ (Table 3) revealed significant 
group differentiation by center VLD [area under the curve 
(AUC): 0.737 (0.632–0.842) P<0.001], inner VLD [AUC: 
0.767 (0.627–0.908) P=0.002], outer VLD [AUC: 0.802 

Figure 3 Comparison of vascular parameters between the healthy controls group and syphilis subgroups stratified by RPR test titer  VLD: 

Vascular length density; VFD: Vascular flow density; FAZ: Avascular area of macular fovea; RPR: Rapid plasma reagin. aP≤0.05, bP≤0.01, cP≤0.001. 
dP≤0.0001. eDunn’s multiple comparisons test; fTukey’s multiple comparisons test.

Table 2 Characteristics of syphilis participants

Parameters Low syphilis 
(between 1:2 and 1:4)

High syphilis (between 
1:8 and 1:128) P

Participants, n 10 14
Age, y, mean±SD 33.7±12.12 29.29±7.25
Gender, n (%)

Male 4 (40) 10 (71.43)
Female 6 (60) 4 (28.57)

Eye, n 20 28
logMAR VA 0.00±0.01 0.00±0.03 0.231
IOP, mm Hg 13.67±3.00 14.43±1.87 0.462

IOP: Intraocular pressure; VA: Visual acuity; SD: Standard deviation.

Table 3 Accuracies of OCTA vascular parameters for distinguishing 
syphilis patients from healthy controls according to ROC analysis

Parameter AUC (95%CI) P
VLD

Center 0.737 (0.632, 0.842) 0.000
Inner 0.767 (0.627, 0.908) 0.002
Outer 0.802 (0.667, 0.937) 0.000
Full 0.766 (0.627, 0.906) 0.000

VFD
Center 0.731 (0.587, 0.874) 0.008
Inner 0.640 (0.487, 0.792) 0.105
Outer 0.754 (0.612, 0.895) 0.003
Full 0.716 (0.565, 0.866) 0.012

FAZ
Area 0.570 (0.420, 0.719) 0.420
Perimeter 0.567 (0.410, 0.725) 0.436
Morphology 0.555 (0.402, 0.707) 0.526

VLD: Vascular length density; VFD: Vascular flow density; FAZ: 
Avascular area of macular fovea; OCTA: Optical coherence tomography 
angiography; ROC: Receiver operating characteristic; AUC: Area 
under the curve; CI: Confidence interval.
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(0.667–0.937) P<0.001], full VLD [AUC: 0.766 (0.627–0.906) 
P<0.001], center VFD [AUC: 0.731(0.587–0.874), P=0.008], 
outer VFD [AUC: 0.754 (0.612–0.895), P=0.003], and full 
VFD [AUC: 0.716 (0.565–0.866), P=0.012]. The overall best 
performing parameter was the outer VLD (Figure 4) as the 
AUC was significantly higher than that of any other parameter. 
In contrast, FAZ area, perimeter, and morphology did not 
distinguish between healthy controls and syphilis patients in 
ROC curve analysis.
DISCUSSION
We identified abnormalities in macular microvascular density 
and vessel morphology among syphilis patients without signs 
or symptoms of visual dysfunction. Both VLD and VFD were 
greater in these early syphilis patients than healthy controls as 
revealed by OCTA, but some values were slightly lower among 
patients with higher RPR titers, suggesting adaptation of retinal 
blood vessels to syphilis-induced retinal pathology. These 
findings suggest that OCTA-derived microvascular metrics 
may be useful for the detection of asymptomatic syphilis and 
risk of syphilitic chorioretinopathy, although additional studies 
are needed to confirm if they can be generalized to the greater 
patient population.
The cohort recruited for this study was younger than in a 
previous investigation[2], possibly because younger people 
are more willing to undergo medical examinations. However, 
young and asymptomatic early-stage patients are an important 
target population for research on syphilitic chorioretinopathy. 
About a quarter of all syphilis patients exhibit ocular syphilis 
as the only clinical manifestation[10], most frequently posterior 
uveitis, and a recent survey indicated that the majority 
of syphilitic uveitis cases occur after the primary stage[4]. 
Moreover, it is well-known that earlier exposure to syphilis 
can lead to adverse outcomes. Therefore, there is a critical 
need for greater awareness of syphilis risk among younger 
individuals[14], especially among males (Table 1)[15], and 
identification of markers for timely diagnosis.
There was no significant difference in BCVA between the 
two groups, indicating that few patients had progressive 
ocular syphilis at the time of examination. In accord with 
these findings, RNFL, central macular thickness, fovea 
cube volume, fovea volume thickness, and GCC thickness 
did not differ between syphilis and healthy controls groups 
(Table 1). Alternatively, there were significant differences 
in macular terminal blood vessel density and morphology, 
consistent with previous reports that vascular changes 
precede changes in retinal layer thickness[16]. Nonetheless, 
microvascular abnormalities in the macula can ultimately 
impair vision, as observed among diabetic retinopathy and 
glaucoma patients[17-20]. Previous studies have tended to focus 
on existing ocular syphilis, such as syphilitic uveitis[21], while 

we demonstrate that abnormalities in microvascular structure 
as measured by OCTA are evident prior to gross structural 
changes to the macula and the onset of ocular syphilis. 
Optical coherence tomography angiography is a superior 
modality for detecting vascular abnormalities. In this study, 
OCTA detected increased VLD and VFD in the syphilis 
group (Figures 1 and 2), suggesting enhanced microvascular 
perfusion. The retina vascular system is regulated 
predominantly by local metabolism[22], so it is reasonable 
to speculate that the fundus vasculature can counteract the 
effects of syphilis through endogenous regulation. In fact, 
modulation of local regulation may explain why syphilis 
patients developed fundus microvascular changes. Previous 
studies reported that ocular syphilis was more likely in cases 
with higher RPR titer[8,23]. However, we found little difference 
among titer subgroups but slightly more severe changes in the 
high-titer subgroup (Figure 3). This pattern suggests that even 
a low titer will induce increased blood flow to prevent disease-
related damage and that no further adaptation is possible. 
Alternatively, there were no significant differences in FAZ area 
and morphology between total syphilis and healthy groups 
(Figure 1); however, FAZ perimeter differed significantly 
(Figure 3). It is supposed that the FAZ reflects the proportion 
of blood flow area relative to the total area and is mainly 
concentrated in the center and inner ring surrounding the 
macula[3]. The alteration in macular FAZ perimeter was mainly 
due to vessel distortion (Figure 2) and greater vessel diameter, 
likely enhanced flow. This implies that a high titer will affect 

Figure 4 ROC curves for distinguishing healthy controls from syphilis 

patients according to the indicated vascular parameter measured by 

OCTA  The outer VLD has he largest area under the curve (AUC) and 

is also the most significant independent risk factor. ROC: Receiver 

operating characteristic; OCTA: Optical coherence tomography 

angiography;  VLD: Vessel length density.
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the inner structure and thereby the form of the FAZ.
We suggest that adaptation of the retinal vasculature to 
syphilis-associated stimuli improves at greater titers (i.e., 
results in greater blood perfusion) as previously reported[24-25]. 
However, central VLD and VFD first increased at lower titers 
and then appeared an upward trend within increasing titer, 
but no noticeable difference between titers group, implying 
a limit to this adaption. If the titer exceeds the threshold at 
which compensation fails, syphilis-associated retinal disease 
is initiated[26]. Therefore, early ocular examinations are critical 
for prevention of ocular syphilis.
We measured VLD, VFD, and FAZ by OCTA to quantitatively 
characterize vascular morphology in the macula of patients 
with syphilis. These measures revealed small but significant 
changes in retinal vessel diameter, length, and tortuosity as 
well as blood flow density among syphilis patients without 
ocular symptoms. Thus, these changes could be useful 
microvascular markers of early-stage syphilis. Indeed, these 
metrics can reveal subtle changes in retinal vascular circulation 
not easily detected during early disease[27-28]. For example, 
uncontrolled overperfusion and a decrease in autoregulatory 
capacity were found to contribute to the pathogenesis of 
diabetic retinopathy[29-31]. In ROC analysis (Table 3), regional 
VLD and VFD metrics (except inner VFD) demonstrated 
good to excellent diagnostic value for differentiating healthy 
controls eyes from the eyes of patients with syphilis. Of these, 
outer macular VLD demonstrated the best performance (Figure 
4), suggesting that analysis of outer vessels may be more 
useful for detecting ocular syphilis. The vascular reactivity to 
eye stimulation frequently distinguishes healthy from disease 
eyes, and the severity of impaired vascular reactivity can be 
used to monitor disease progression or assess treatment[32-35]. 
Quantitative measurements of vascular morphology by OCTA 
may provide additional markers for syphilitic chorioretinopathy 
diagnosis and treatment evaluation.
Our study has several limitations. Due to the cross-sectional 
study design, we cannot conclude that these vascular 
changes are directly caused by syphilis or underlie syphilitic 
chorioretinopathy. In addition, the sample size was relatively 
small, which reduced statistical power, especially for the 
high- and low-titer subgroups. While our study demonstrates 
the potential diagnostic value of OCTA parameters, we did 
not compare these to traditional OCTA parameters such as 
choroidal vessels metrics. Furthermore, we scanned only a 
small 6 mm×6 mm region around the macula that did not 
include regions such as the optic radial peripapillary, where 
markers may have better diagnostic accuracy. Finally, we did 
not distinguish between superficial and deep blood vessels, 
which may show distinct changes during the progression 
of ocular syphilis Future studies should investigate the 

microvasculature of different retinal layers captured for clinical 
images. We also did not examine if these OCTA abnormalities 
reversed when syphilis titers returned to normal. Whether these 
changes are reversible or permanent has obvious implications 
for the utility of these markers in improving clinical outcome.
In conclusions, vascular abnormalities can be detected in the 
retinas of early-stage syphilis patients with normal vision by 
OCTA. Both VLD and VFD were increased in syphilitic eyes, 
particularly in the outer fovea, and outer VLD demonstrated 
good accuracy for distinguishing syphilitic from healthy 
controls eyes. Therefore, measuring retinal microvasculature 
abnormalities by OCTA may be a useful strategy for detecting 
early-stage asymptomatic syphilis and for monitoring 
progression and treatment responses.
ACKNOWLEDGEMENTS
Authors’ Contributions: Liu QP and Liu ZG: Study 
conception and design; Wang XL and Zhu YQ: Data collection, 
statistical analysis, drafting the manuscript; Zheng HY and 
Zhang HJ: Critical review and feedback; Luo XY and Li JH: 
Technical support. All authors contributed to the article and 
approved the submitted version.
Data Availability Statement: The datasets generated during 
the current study are available from the corresponding author 
on reasonable request.
AI-Generated Content Disclosure: No AI-generated content 
was used in manuscript.
Foundation: Supported by Doctoral Start-up Fund of the 
First Affiliated Hospital of University of South China (No.
PF20231016557).
Conflicts of Interest: Wang XL, None; Zhu YQ, None; 
Zheng HY, None; Luo XY, None; Li JH, None; Zhang HJ, 
None; Liu ZG, None; Liu QP, None.
REFERENCES

1 Jones N, Agorogiannis E. The rise of syphilitic placoid chorioretinitis: 

a literature review with data from 286 published cases. Ocul Immunol 

Inflamm 2025;33(8):1757-1767.

2 Chauhan K, Fonollosa A, Giralt L, et al. Demystifying ocular syphilis–a 

major review. Ocul Immunol Inflamm 2023;31(7):1425-1439.

3 Baker J, Safarzadeh MA, Incognito AV, et al. Functional optical coherence 

tomography at altitude: retinal microvascular perfusion and retinal 

thickness at 3, 800 meters. J Appl Physiol (1985) 2022;133(3):534-545.

4 Reid GA, Halmagyi GM, Whyte C, et al. Ocular vs neurosyphilis. are 

they the same? A guide to investigation and management. Eye (Lond) 

2024;38(12):2337-2349.

5 Sverdlichenko I, McDonald HM, Xie JSC, et al. Macular optical 

coherence tomography findings in patients with syphilitic optic 

neuropathy-a case series and systematic review. J Neuroophthalmol 

2025;45(2):137-144.

6 Tetteh A, Moore V. The rise of congenital syphilis in Canada: threats 

and opportunities. Front Public Health 2024;12:1522698.



1784

7 Fuertes-Bucheli JF, Buenaventura-Alegría DP, Rivas-Mina AM, et al. 

Congenital syphilis prevention challenges, Pacific coast of Colombia, 

2018-2022. Emerg Infect Dis 2024;30(5):890-899.

8 Sun CB, Liu GH, Wu R, et al. Demographic, clinical and laboratory 

characteristics of ocular syphilis: 6-years case series study from an eye 

center in east-China. Front Immunol 2022;13:910337.

9 Dutta Majumder P, Chen EJ, Shah J, et al. Ocular syphilis: an update. 

Ocul Immunol Inflamm 2019;27(1):117-125.

10 Furtado JM, Simões M, Vasconcelos-Santos D, et al. Ocular syphilis. 

Surv Ophthalmol 2022;67(2):440-462.

11 Peeling RW, Mabey D, Chen XS, et al .  Syphilis.  Lancet 

2023;402(10398):336-346.

12 Eandi CM, Neri P, Adelman RA, et al. Acute syphilitic posterior 

placoid chorioretinitis: report of a case series and comprehensive 

review of the literature. Retina 2012;32(9):1915-1941.

13 Yang MM, Kamoi K, Zong Y, et al. Human immunodeficiency virus 

and uveitis. Viruses 2023;15(2):444.

14 Skaletz-Rorowski A, Potthoff A, Nambiar S, et al. Age specific 

evaluation of sexual behavior, STI knowledge and infection among 

asymptomatic adolescents and young adults. J Infect Public Heal 

2020;13(8):1112-1117.

15 Chan C, Holt M, Broady TR, et al. Trends in testing and self-reported 

diagnoses of sexually transmitted infections in gay and bisexual men 

in Australia, 2017 to 2021: analysis of national behavioral surveillance 

surveys. Sex Transm Dis 2023;50(12):789-795.

16 Romahn EF, Wiltgen T, Bussas M, et al. Association of retinal vessel 

pathology and brain atrophy in relapsing-remitting multiple sclerosis. 

Front Immunol 2023;14:1284986.

17 Konno A, Ishibazawa A, De Pretto L, et al. Relationship between 

nonperfusion area from widefield optical coherence tomography 

angiography and macular vascular parameters in diabetic retinopathy. 

Int Ophthalmol 2023;43(12):4803-4814.

18 Terada N, Murakami T, Ishihara K, et al. Quantification of dilated deep 

capillaries in diabetic retinopathy on optical coherence tomography 

angiography. Sci Rep 2023;13(1):17884.

19 Santos T, Santos AR, Almeida AC, et al. Retinal capillary 

nonperfusion in preclinical diabetic retinopathy. Ophthalmic Res 

2023;66(1):1327-1334.

20 Gunasegaran G, Moghimi S, Nishida T, et al. Racial differences in the 

diagnostic accuracy of OCT angiography macular vessel density for 

glaucoma. Ophthalmol Glaucoma 2024;7(2):197-205.

21 Vaze A, de Angelis RE, Simões M, et al. Optical coherence 

tomography findings in ocular syphilis involving the posterior segment 

of the eye. Ocul Immunol Inflamm 2022;30(6):1464-1470.

22 Pournaras CJ, Rungger-Brändle E, Riva CE, et al. Regulation of retinal 

blood flow in health and disease. Prog Retin Eye Res 2008;27(3):284-330.

23 Gu X, Gao Y, Yan Y, et al. The importance of proper and prompt 

treatment of ocular syphilis: a lesson from permanent vision loss in 52 

eyes. J Eur Acad Dermatol Venereol 2020;34(7):1569-1578.

24 Cheng RW, Yusof F, Tsui E, et al. Relationship between retinal blood 

flow and arterial oxygen. J Physiol 2016;594(3):625-640.

25 Zhang SR, Rickels KL, Krishnan V, et al. Persistent syphilitic ocular 

manifestations despite treatment: a case series. J Ophthalmic Inflamm 

Infect 2024;14(1):53.

26 Caprara C, Grimm C. From oxygen to erythropoietin: relevance of 

hypoxia for retinal development, health and disease. Prog Retin Eye 

Res 2012;31(1):89-119.

27 Hinton PS. Role of reduced insulin-stimulated bone blood flow in 

the pathogenesis of metabolic insulin resistance and diabetic bone 

fragility. Med Hypotheses 2016;93:81-86.

28 Wolek M, Paul S, Seraly M, et al. En face optical coherence 

tomography and optical coherence tomography angiography 

for the diagnosis and monitoring of syphilitic posterior placoid 

chorioretinopathy. J Vitreoretin Dis 2025;9(5):24741264251358634.

29 Kohner EM, Patel V, Rassam SM. Role of blood flow and impaired 

autoregulation in the pathogenesis of diabetic retinopathy. Diabetes 

1995;44(6):603-607.

30 Sousa DC, Leal I, Moreira S, et al. Retinal vascular reactivity 

in type 1 diabetes patients without retinopathy using optical 

coherence tomography angiography. Invest Ophthalmol Vis Sci 

2020;61(6):49.

31 Nowroozzadeh MH, Bagheri M. The role of optical coherence 

tomography angiography in assessing diabetic choroidopathy: a 

systematic review. Int J Retina Vitreous 2025;11(1):10.

32 Patton N, Aslam T, MacGillivray T, et al. Retinal vascular image 

analysis as a potential screening tool for cerebrovascular disease: 

a rationale based on homology between cerebral and retinal 

microvasculatures. J Anat 2005;206(4):319-348.

33 Patton N, Aslam TM, MacGillivray T, et al. Retinal image 

analysis: Concepts, applications and potential. Prog Retin Eye Res 

2006;25(1):99-127.

34 Appaji A, Nagendra B, Chako DM, et al. Retinal vascular 

abnormalities in schizophrenia and bipolar disorder: a window to the 

brain. Bipolar Disord 2019;21(7):634-641.

35 Zhao YC, Zou H, Fan W, et al. Patterns of structural changes in the 

fundus measured by optical coherence tomography angiography as 

potential markers of acute mountain sickness. Transl Vis Sci Technol 

2023;12(12):15.

Syphilis affects microvascular morphology


