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Optical coherence tomography (OCT) angiography (OCTA) is a revolutionary non- 

invasive imaging modality that has been widely utilized in ophthalmology. OCT and OCTA has 

huge potentials for quantitative analysis based on its ability of detecting high-resolution three-

dimensional data. In this thesis, the capacity of OCT detecting choroidal vasculature was 

demonstrated and techniques to quantify choroidal lesion character was described and showed 

advantages when compare to other imaging techniques. Also, vascular quantification tools for 

retina and choroidal microvasculature with different subregional analyze were proposed and 

tested on clinical OCTA system data of diseased subjects. Overall, the thesis presents a set of 

tools that can extract features from human ocular vasculature and generate regionally and 

quantitatively analysis. 
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Chapter 1. INTRODUCTION 

Blindness and visual impairment have an important impact on our daily life, which can 

affect people’s ability to perform everyday tasks and the interaction with others. In 2015, the 

world has been estimated that will have 36 million people under blind.  404 million people had 

varying degrees of visual impairment, 46% of them had mild visual impairment, over 50% had 

severe vision impairment.1 In these people under visual impairment, it is possible to be prevented 

or treated for over 80% of them. World-widely, age-related macular degeneration, glaucoma, 

diabetic retinopathy, proliferate diabetic retinopathy, refractive errors and trachoma are the main 

reasons that causing vision impairment. And in the developing countries and low-income area, 

the leading causes of vision impairment are uncorrected refractive errors and cataract. In 

developed countries and high-income areas, the leading causes of vision impairment are retinal 

disease. According to the nation eye institute, there is an estimation that 4.2 million Americans 

have vision issues. 1.3 million of them are suffered from blind and 2.9 million of them have low 

vision and an estimated annual economic burden, $139 billion will be cost in USA in vision loss 

and eye diseases, also vision disorders.2 

In clinical ophthalmology, it is significant to diagnose the vision disease in the early stage 

since the effectively early treatment can prevent some of the unnecessary irreversible damages 

which could be caused by the late treatment. There are several ophthalmic imaging techniques 

that has been developed in the world to help slit lamp microscope to help doctors to got accurate 

diagnosis in the early stage. Fluorescein angiography (FA) is a imaging technique that image the 

injected dye which can perform better visual information of blood vessel, thereby we can acquire 

nice retina vasculature visualization.3 Indocyanine green angiography (ICGA) is really useful to 

image deep layer of eye, such as choroidal vasculature. This technique can absorb (805 nm) and 



reflects (835 nm) the near infrared portion of the spectrum, which is helpful to visual choroidal 

neovascularization.4  But even these two imaging techniques can provide vessel images, due to 

the injected dye and contrast agents are required before imaging, they could also cause life-

threatening complications. 5 Ultrasonography is a non-invasive imaging technique, which have 

better depth of penetration, however, this technique cannot avoid directly contact with the 

eyeball and really have limited resolution that around 200 μm. 6  

 

1.1  Optical coherence tomography 

 

Optical coherence tomography (OCT) is a revolutionary non-invasive optical imaging 

modality with depth-resolved volumetric information that has been widely utilized in 

ophthalmology. 7 OCT is a popular way in many filed of imaging, especially in ophthalmology 

because of nature. OCT fast imaging speed is up to 1.7MHz, high axial resolution is up to 1 μm 

and the imaging depth is around 3mm. 8–10 Low coherence interferometry is the basis of OCT, 

which demonstrate as the light from broad band light source that separate into reference arm and 

sample arm, and the light that travels from the refence arm will travel to the reference mirror and 

reflects back and then meet the light that reflected from sample in different depths. And after 

they meet and combine, an interference phenomenon will be appeared if the reference path 

length is equals to the sample arm length. Generally, there are two kinds of OCT, one is time 

domain OCT (TDOCT), and another is Fourier domain OCT (FDOCT) 

  

1.2  Time domain optical coherence tomography 



The very first version of OCT is time domain OCT. Figure 1.1 showed the time domain 

basic system. This system use a mechanically reference mirror to get depth-resolved imaging so 

that the scan speed is limited. With the speed of 2-8 kHz in the Aline scan, usually, TDOCT can 

only aimed to achieve 2 dimensional (2D) images of human eyes. Because it is hard to keep 

patient stay still for a long time to avoid the moving artifacts, the 3-dimensional (3D) imaging 

which need multiple 2D B-scans to generate a volume data is really a challenge. 

 

1.3  Fourier domain optical coherence tomography 

Figure 1.1 Schematic illustration of basic TDOCT set up 

𝑬𝒊𝒏 incident light; 𝑬𝒓 reference light;	𝑬𝒔 sample light;	𝑬𝒐𝒖𝒕 detected light. 

 



Fourier domain OCT is an OCT that have same principles as TDOCT. However, in 

FDOCT, the scanning mirror is been replaced of spectral interference which can get depth 

information, and then this spectral interference will be transfer and code as a function of the 

wavelength of light which is different to TDOCT that have scanning mirror to achieve the depth 

information in the sample by interference. The speed of A-line in FDOCT is significantly 

improved compare to TDOCT, so that the scanning data can be imaged with less motion 

artifacts. FDOCT can be divided into two different types based on the interferogram detection: 

spectral domain OCT (SDOCT) and swept-source OCT (SSOCT). 

 

1.3.1 Spectral domain optical coherence tomography 

Spectral domain OCT have a broadband light source and spectrometer, figure 1.2 

illustrates the SDOCT system configuration. The interference that combined with two reflected 

light will be transfer to different wavelength components. The scanning camera will detect the 

combined interference and then transfer them into Fourier transform which could resolve the 

frequency corresponds to the depth and also the amplitude that correlate to the reflectivity. When 

applying a two dimensional scanner, the system can acquire the B-scan that been combined by 

the A-lines, and then these B-scans can be combined into a 3D dataset. 



 

 

1.3.2 Swept-source optical coherence tomography 

Swept-source OCT generally takes Michelson interferometer as the main body, it uses a 

linear array camera to record the low coherence interference spectral signals of the broadband 

light source. And acquire parallelly of the depth information inside the sample. The imaging 

speed of this techniques mainly depends on the sweep frequency of the light source. Due to the 

Figure 2.2 Schematic illustration of basic FDOCT set up 

𝑬𝒊𝒏 incident light; 𝑬𝒓 reference light;	𝑬𝒔 sample light;	𝑬𝒐𝒖𝒕 detected light. 

 



development of this high-speed scanning light source technology, the MHz scanning speed can 

be realized. 

 

1.4  Optical coherence tomography angiography 

 

OCT can also provide a depth-resolved 3D data with a new technique, angiography. The 

OCT 3D data we acquired from the biological sample is combined with static signals and 

moving signals. Every time we got multiple OCT scans that along different time points, we can 

acquire information from moving particles while the tissues are static. These differences from 

static tissues and moving particles can be used to analyzing in OCT signal variation along time. 

They can be categorized into different groups if they based on or use 1) phase part of OCT 

signal, 2) amplitude part of the signal or 3) whole complex OCT signal. 

 

No matter which kind of OCTA system, they all have great potential in both research and 

clinical ophthalmology for various of ocular diseases. OCTA have several obvious advantages 

that make it such popular when compared to traditional dye-based angiography: 1) OCTA is non-

invasive and safer, 2) OCTA can provide 3D date with detailed depth-resolved vasculature 

information, 3) OCTA have a high lat4ral resolution that can image capillaries. With these 

reasons, OCTA is more suitable than those dye-based angiographies, such as FA, ICGA and etc. 

 

 



Chapter 2. QUANTITATIVE ANALYSIS OF RETINA AND 

CHOROIDAL MICROVASCULATURE USING OPTICAL 

COHERENCE TOMOGRAPHY 

2.1 Introduction 

 

Optical coherence tomography angiography was recently introduced for the image of 

microvasculature networks in the human eye.11 Recent investigation using OCTA have been 

mainly focused on showing the application of visualization the flow characteristics of 

microvascular diseases with the macula.12 When compare to traditional dye-based angiography, 

OCTA is safer and faster for macular vasculature imaging. Currently, OCT and OCTA can 

provide integrated structural and flow data in a non-invasive way and can also have the potential 

for quantitative analysis on complex vasculature. Optical microangiography (OMAG)11 is one of 

OCTA approaches highlight the contrast among static tissues and moving particles. OMAG is 

able to provide OCTA better vascular connectivity and better signal to noise ratio, also OMAG is 

more sensitive to the capillary blood flow which can potentially value the investigation.13 There 

are many studies have introduced vessel parameters to describe OCT angiograms. Such as vessel 

area density and vessel skeleton density, these parameters have been reported that are helpful 

when analyze some disease such as age-related macular disease and diabetic retinopathy.  

Choroidcapillaries (CC) is a thin but dense vascular monolayer that beneath Bruch’s 

membrane (BM) in the inner choroid.14–16 Many studies have reported that the CC vasculature is 

quiet different morphological expression that in the submuscular region, there will be a dense 

honeycomb network of freely interconnected capillaries separated by septa.17  In the equatorial 



and peripheral regions, there will be polygonal lobular network. 17 So that, rather than quantify 

CC vasculature directly, it is a better way to segment the CC flow deficits (FDs). 

In this study, we introduce a comprehensive method based on OMAG to do 

quantification analysis for OCTA retina images. We proposed to use several parameters to 

quantitatively describe the retina images: vessel area density (VAD), vessel skeleton density 

(VSD), vessel diameter index (VDI), vessel perimeter index (VPI) and vessel complexity index 

(CVI) as well as several masks to help regionally analysis: large vessel mask, quadrant mask, 

sector mask, annulus mask, Garway-Heath map mask. Also investigate the CC quantification 

segmentation on reticular pseudodrusen (RPD). 

 

2.2 Method 

2.2.1 Retina vasculature quantification 

 

Figure 2.1. Overview of the quantitative OMAG algorithm. 



OCTA imaging was performed using a 100-kHz SS-OCT PLEX Elite 9000 (Carl Zeiss 

Meditec, Dublin, California, USA), with a central wavelength of 1060 nm, a bandwidth of 100 

nm, an axial resolution of ~6 µm, and a lateral resolution of ~ 20 µm estimated in retinal 

tissue.18 FastTrac (Carl Zeiss Meditec, Dublin, California) motion tracking was used during all 

scans to minimize possible motion artifacts. The complex optical microangiography (OMAGC) 

algorithm19 was used to generate OCTA volumes .The flowchart in Figure 2.1 is an overview of 

the processes involved in the quantitative method. The first step is generating a 2D enface image 

from 3D volume OCTA data (Figure 2.2A).  

 

This image is processed into binary image in MATLAB R2019b software (Math Works, 

Natick, Massachusetts) using a global threshold, hessian filter,18 and adaptive threshold. The 

global threshold is using one threshold parameter in foveal avascular zone by ask user to click 

specific place and generate noise floor. And then the hessian filter and adaptive threshold will be 

mixed and applied to a binary map. (Figure 2.2 B) After so, we can acquire the vessel area 

information, Next step is to get a skeletonized vessel map (Figure 2.2 C), in this map, all the 

vessels will be shrunk to a one-pixel line and the vessel length information can be acquired from 

this map. Last, we can generate vessel perimeter map from vessel area map by detect the edges 

of the vessels and acquire the vessel perimeter information. 



 

Figure 0.3. Representative OMAG images to illustrate the quantitative analysis algorithm.  

(A) Original en face OMAG image. (B) Vessel area map (C) Vessel skeleton map (D)Vessel 
perimeter map 

 

 2.2.2 Choroidalcapillary flow deficits quantification in RPD 

After acquiring volumetric SS-OCTA data, an automated algorithm was used to obtain 

accurate segmentation of BM layer, and all segmentation was reviewed and manually corrected 



when necessary by one grader masked to diagnosis. The CC slab was defined as the region from 

4µm to 20µm below the BM.19 En face images were produced using a maximum projection 

method (Fig 2.3. A~B). A compensation strategy was applied to adjust for the signal attenuation 

due to drusen as previously described20, retinal projection artifacts were subsequently removed13 

and corresponding regions were excluded in further analysis. The fuzzy C-means (FCM) method 

were used to segment flow deficits (FDs) in this study. This method automatically assigns all 

pixels in the entire image into different clusters based on histogram distribution.21 The cluster 

with the lowest intensity is then segmented as the FDs. After thresholding, any FDs with an 

equivalent diameter smaller than the average normal intercapillary distance, 24 µm, were 

removed.22 (Fig 2.3. E~F) 



 

Figure 2.3 Choriocapillaris (CC) quantitative analysis using swept-source optical coherence 

tomography angiography (SS-OCTA). (A) the OCT CC en face image, generated by maximum 

projection.  (B) the OCTA CC en face image, generated by maximum projection. (C) the OCTA 

retina en face image, generated by mean projection. (D) the OCTA CC en face image after signal 

compensation and projection artifacts removal. (E) Segmented flow deficits (FDs) (red) overlaid 

with the OCTA CC en face image(gray), retinal projections were excluded from analysis 

(yellow). (F) Segmented FDs map where FDs with an equivalent diameter smaller than 24 um 

(the normal inter-capillary distance) were removed. 

 

 2.3 Results 

CC OCT CC OCTA Retina 

signal compensation

Projection artifacts removal

A B C

D

Flow deficit density:8.65%Flow deficit density:10.41%

E F



 The three-dimensional nature of OCT allows for segmentation of vascular plex located at 

different physiological depths within the retina. We generated the retinal vasculature image from 

the internal limiting membrane to inner segment/ outer nuclear layer. This layer include ganglion 

cell layer, and the avascular outer retinal layer extending from outer nuclear layer to retinal 

pigment epithelium. With this algorithm, the VAD,  VSD, VPI and VCI can be quantified from 

the processed images.  

A total of 102 eyes from 51 participants were included in this study, and these 

participants were on average 73 ± 8 years old (range, 55 to 86 years old). A total of 47 (46%) 

eyes from 24 (47%) participants had definite RPD. Amongst the participants with definite RPD 

in either eye, 23 (96%) participants had bilateral definite RPD. The median drusen volume of all 

eyes was 0.08 mm3 (interquartile range [IQR] = 0.04 to 0.15 mm3). For the CC FD parameters, 

the median FD%, mean FD size and number of FDs were 8.3% (IQR = 7.1 to 8.9%), 1626 µm2 

(IQR = 1532 to 1789 µm2) and 1684 (IQR = 1420 to 1841).   

 

 2.4 Discussion 

In this report, there are five vessel parameters have been proposed, VAD, VSD, VDI, 

VPI and VCI. These parameters are used to do quantitative assessment on OCT angiograms. 

Several significant features are in this analysis approach. Vessel length, size, area, perimeter and 

the morphological complexity, these features are all can be used in a one-step imaging analysis 

which could potentially help the clinicians to have better understand OCTA images. Moreover, 

this quantitative algorithm can be multi used when try to select the region of interest. In this 

thesis, we mention a whole image processing and analysis, however, we can add more modules 

to make users select the part they are interested freely to do the OCT angiograms analysis. 



There are several limitations as well. The first one is that OCTA data sometimes have 

projection artifacts from the large vessel in the superficial layer of retina which could affect the 

quality of enface image. In this way, these retube vasculature projected onto deeper layers of the 

retina are hard to notice only if the OCTA date can be segmented into superficial and deeper 

layer. Overall, this quantitative OCTA algorithm is really promising and have significant 

potential on clinical research. 

 

 

Chapter 3. EN FACE AREA QUANTIFICATION OF CHORODIAL 

MASS LESIONS USING SWEPT SOURCE OPTICAL COHERENCE 

TOMOGRAPHY 

 

3.1 Introduction 

The differential diagnosis of a choroidal lesions is wide and includes benign, malignant, 

and inflammatory causes such as choroidal melanoma, choroidal nevus, choroidal hemangioma, 

metastatic tumors, and choroidal granulomas.23 Determining the exact diagnosis can be difficult 

since biopsy is not feasible for most lesions due to their location and risk of ocular morbidity 

from this invasive procedure. For the majority of lesions, a combination of clinical exam and 

imaging findings are used to clarify the diagnosis.23,24   

One important characteristic used to evaluate choroidal lesions is the size of the lesion. 

For example, the stable size of choroidal nevi can be used to help distinguish this benign lesion 

from a malignant choroidal melanoma.25 If the lesion is malignant, an accurate determination of 



size is also important in determining the risk of metastasis at the time of diagnosis, in deciding 

the most appropriate therapeutic option, and providing prognosis on vision after treatment.  

The size of a choroidal lesion is currently determined by clinical exam or using 

ultrasonography. Measurements made on clinical exam use the optic nerve as a reference for size 

and describe the lesion area in units of “disc diameters” or disc areas. This measurement can be 

made by ophthalmoscopy or op color fundus images. While this is the most common form of 

measurement, the accuracy and reproducibility provided by this method is low due to the poor 

resolution.26 Further complicating this form of measurement, when the choroidal lesion is not 

pigmented or is obscured by subretinal fluid the size and boundary in relationship to important 

places like the fovea and optic nerve can be even more challenging to determine.    

Ultrasonography is another method that can be used to measure the height and base area 

of a choroidal lesion. However, ultrasonography has limited ability to resolve base boundaries 

from normal choroid when the lesion has a similar internal reflectivity, and can only provide 

measurements in millimeter increments with any accuracy 27,28. Thus ultrasonography is not an 

idea tool for accurate measurement and long-term tracking and monitoring.  

SS-OCT has the potential to improve the accuracy of choroidal lesion size measurements 

due to the ability of long wavelength light (1060 nm) used in SS-OCT imaging to penetrate 

below the RPE and the density of A-scans used to capture volume scans. Theoretically, SS-OCT 

imaging would allow for detection of changes in choroidal lesion size in the micron range rather 

than the mm range with the bandwidth of 100nm, we have the axial resolution of ~6 μm and the 

lateral resolution of ~ 20 μm.29    Therefore, our study aimed to explore the potential in 

quantitatively analyze choroidal lesion size by measuring choroidal lesion area using SS-OCT. 

 



3.2 Methods 

3.2.1 Study Population 

This single-institution retrospective observational study was approved by the Institutional 

Review Board at the University of Washington. Written informed consent regarding the nature of 

this research study was obtained for all subjects before imaging. This study was performed in 

accordance with the tenets of the Declaration of Helsinki and the Health Insurance Portability 

and Accountability Act of 1996. 

Patients 19 years or older, with diagnosis of choroidal melanoma, choroidal hemangioma 

and choroidal nevus were recruited for SS-OCT imaging between September 2017 to March 

2019 at the University of Washington Harborview Medical Center Eye institute. (Upon entry in 

the study, subject data including sex, age, disease diagnosis and were collected.) All patients 

underwent detailed clinical examination including fundus photography, fluorescein angiography, 

B-scan ultrasonography and optical coherence tomography. The diagnosis and classification of 

choroidal lesions was made by an ocular oncology trained subspecialist (A.S) after complete 

ophthalmic examination and review of clinically indicated imaging and laboratory studies. 

 

3.2.2 Image Acquisition Choroidal Mass Lesion Segmentation and Quantification 

OCT imaging was performed using a 100-kHz SS-OCT PLEX Elite 9000 (Carl Zeiss 

Meditec, Dublin, California, USA), with a central wavelength of 1060 nm, a bandwidth of 100 

nm, an axial resolution of ~6 μm, and a lateral resolution of ~ 20 μm estimated in retinal tissue.29 

FastTrac (Carl Zeiss Meditec, Dublin, California) motion tracking was used during all scans to 

minimize possible motion artifacts. Montage Angio scanning protocol was selected with either 

12x12 mm (5-scan composite) or 15x9 mm (2-scan composite) for both eyes of each subject to 



obtain wide-field images containing the choroidal lesion. Five 12x12 mm scans (1= central 

macula, 2= superior nasal , 3 = inferior nasal, 4= superior temporal, and 5= inferior temporal) 

were obtained in an overlapping montage scanning pattern (Figure 3.1,A); two scans of 15x9 mm 

areas (superior, and inferior) were obtained in a 15x9 mm montage scanning pattern.30 Single 

scans that contained the whole choroidal tumor were selected for further analysis (Figure 3.1,B), 

if the tumor was not contained entirely within one scans, all scans containing the tumor were 

montaged by an intensity based method prior for further analysis. 

 

Figure 3.1  An eye with choroidal melanoma imaged by swept-source optical coherence 

tomography angiography(SS-OCTA): Wide-field image produced by montaging five 

overlapping 12x12 mm OCT scans. Red box indicates the area of the superior nasal scan that 

completely encompassed the choroidal lesion. B. B scan (green line in A) through the choroidal 

lesion demonstrates a domed lesion with homogenous reflectivity and associated subretinal fluid. 

C: Choroidal en face image demonstrates areas of normal choroidal vascular surrounding the 

choroidal lesion which demonstrates a homogenous pattern.  E: Boundary of choroidal lesion 

demarcated with a dashed yellow line. 

From the structure volume scans, the choroidal slab was defined as the region spanning 

from the retinal pigment epithelium (RPE)/Bruch’s membrane (BM) complex layer to the outer 

boundary of the choroidal-scleral interface. After obtaining OCT volumes, attenuation correction 



was performed as previously described31 the choroidal slab was automatically segmented using 

the commercially available factory settings. All segmentations were reviewed by one author 

(XZ) and manual corrections performed when necessary31. Minimum projection was then applied 

to segmented choroidal slabs to generate choroidal vasculature en face images.  

Manual delineation of the choroidal lesion was then performed by outlining the area of 

abnormal choroidal vasculature pattern (Figure 3.1, D).32  Choroidal lesion area was defined on 

each enface image as the whole area inside the manual delineated lesion boundary. Maximum 

vertical inner diameter was defined as the maximum distance between the antipodal intersections 

of a vertical line and the boundary; Maximum horizontal inner diameter was defined as the 

maximum distance between the antipodal intersections of a horizontal line and the boundary. 

 

3.2.3 Clinical Image Assessment 

Clinical measurements of en face lesion area were made by the examining clinician and 

recorded in the clinical chart at the time of exam. After chart-based data extraction, any lesion 

that lacked measurements were noted. Clinical photos of the lesions obtained on the same day as 

the SS-OCTA were then presented to the examining physician and en face lesion area 

measurements were made per standard practice and this area was recorded. Clinical 

measurements were recorded in disk diameters (DD). DD was then converted micrometers using 

1 DD = 1.5 μm. Ultrasound (US) B scan measurements were obtained by the examining 

physician (AS) or trained ophthalmic imaging technician by standard protocol. In brief, the 

tumor was identified using a ultrasound with phase probe. On transverse scans, images were 

captured, and the base measure by training physician. In brief, the tumor was identified using 

ultrasounds with probe. On transverse scans, images were captured, and the base measured 



using. En face lesion area was approximated from B scan images by using the maximum base 

longitudinal and transverse length as the input for calculation of an ellipse.   

 

3.2.4 Statistical Analysis 

Statistical analysis was performed using MATLAB R2019b software (Math Works, 

Natick, Massachusetts) and R (R Foundation for Statistical Computing, Vienna, Austria). 

Intraclass correlation coefficient (ICC) Spearman correlation test was performed to determine the 

correlation between parameters. A value of ICC less than 0.5 was considered as poor agreement; 

a value of ICC more than 0.5 and less than 0.9 was considered as moderate agreement; a value of 

ICC more than 0.9 was considered as excellent agreement, Spearman correlation matrix were 

performed using custom R scripts.  

 

3.3 Results 

25 subjects with the diagnosis of “choroidal lesion” were identified from a centralized 

SS-OCT database and screened. Eyes were excluded if SS-OCT imaging was not performed 

within 3 months’ time frame of the clinical measurements, (n=8) or if the lesion extended beyond 

the border of SS-OCT imaging window (n=3).  Thus, the final study group consisted of 14 eyes 

from 14 subjects (Table 1). Five subjects (43%) with the diagnosis of melanoma, three (21%) 

with choroidal nevus, and five (36%) with choroidal hemangioma. The clinical record for each 

subject was reviewed and data extracted including specific diagnosis, clinical measurement of en 

face lesion area, and lesion measurements obtained using Ultrasound imaging. All eyes had SS-

OCT imaging and clinical measurements obtained on the day of exam or upon follow up review 



with the examining physician. Only 4 eyes had ultrasound measurements of the lesion performed 

on the same day or within 3 months of the SS-OCT images. 

Table 3.1 Choroidal lesions included in the study and same day en face area measurements. 

 

SS-OCT was obtained on each lesion, the en face choroidal slab was generated, and 

lesion area measured manually (Figure 3.1). In en face images, normal choroidal vasculature is 

characterized by a homogeneous reticular pattern.32 In contrast, in the area occupied by the 

choroidal lesion, the reticular vascular pattern is lost and demonstrates a more homogenous 

pattern (Figure 3.1C).  



 

Figure 3.2 En face SS-OCT image of a choroidal melanoma with lesion boundary depicted as the 

yellow dash line and maximum horizontal and trasverse inner diameter depicted as red arrow line 

(A1) or hemangioma (B1). A2, B2: Color fundus. A3, B3: Ultrasound B-scan with base 

measurement in red. 

Two examples comparing the color fundus imaging and ultrasound images to the en face 

image obtained by SS-OCT are shown in Figure 3.2. The choroidal melanoma in shown in 

Figure 3.2A is located immediately adjacent to the optic nerve at 12 o’clock and forms a focal 

elevation of the choroid seen on ultrasound in Figure 3.2 A, C. In the en face OCT image, the 

lesion appears as a white area with loss of the normal choroidal vasculature present adjacent to 

the optic nerve at 12 o’clock.  Panel B compares the images obtained on a choroidal 

hemangioma. The color fundus shows an elevated hypopigmented lesion in the temporal macula. 

The ultrasound B-scan also show an elevated mass originating from the choroid. In the en face 

OCT image, the lesion appears as a sharply demarcated area with complete loss of the normal 



choroidal vasculature pattern.  Using each imaging modality, the en face area of the lesion was 

calculated and displayed in mm2. For the melanoma and nevi, the OCT measurements were 

similar to the measurements made by clinical exam and US. For the hemangioma the OCT 

measurements were different to the measurements made by clinical exam and US.  

 

Figure 3.3 A-D: OCT en face images showing normal choroidal vasculature in homogeneous 

reticular pattern and choroidal bulging in a complete blurred patch; E-H: custom en face images 

showing choroidal mass lesion boundary on A-B by human grader depicted as the yellow dash 

line separately. I-L: color fundus images. 

Figure 3.3 shows the en face OCT image from additional lesions. The type of lesion and 

the en face area measured by OCT are indicated on each image. For all lesions, the loss of 



normal choroidal vascular pattern is visible, but there were differences in the borders and 

homogeneity of the lesions. Lesion A~D melanoma and nevi cases in figure 33. has a black 

border around the choroidal lesion compare to lesion E, F hemangioma cases. In different 

choroidal mass lesions (Figure 3.3, A~D), the normal structural choroidal vasculature is 

characterized by a homogeneous reticular pattern, and choroidal bulging is characterized as a 

complete blurred patch. Manual delineation of choroidal mass lesion was identified by the line of 

morphological demarcation on each subject. (Figure 3.3, E~H)  

Finally, to determine if the en face lesion areas determined by OCT agreed with the 

measurements obtained by clinical exam and US, ICC Spearman correlation test was performed. 

(Figure 3.4) The agreement between OCT and fundus exam area was poor (ICC = 0.32). The 

agreement between US and fundus exam was moderate (ICC = 0.63). The agreement between 

US and OCT on the 4 lesions with same day imaging was excellent (ICC= 0.99).  

 

Figure 3.4 Agreement in enface lesion area between OCT and US (A), OCT and fundus exam 

(B), or US and fundus exam (C).   

 

 



3.4 Conclusions 

Pigmented and amelanotic fundus lesions can be identified in the SS-OCT choroidal en 

face projection. The resulting image provides a new method for lesion area measurement with 

excellent agreement to US measurements and could be useful for longitudinal monitoring. Larger 

studies with same day exam, SS-OCT, and ultrasound measurements will be required to verify 

the extent of agreement suggested by this pilot study.  

 

 

3.5 Discussion 

The study demonstrates the choroidal mass lesion area measurement have excellent 

correlation between ancillary technical: SS-OCT choroidal enface measurement and US 

measurement, and worse correlation between clinical examination measurement and ancillary 

technical. This result might suggest that measurement of choroidal mass lesion by SS-OCT 

enface is a diagnosis way as reliable as US measurement, which is widely used in quantify and 

diagnosis intraocular tumor33–35, could potentially use for lesion area tracking and apply on 

monitoring recurrence of such disease.  

Three lesions with mixed pigmentary components measured much smaller by fundus exam than 

by OCT or US. 

The limitations of the current study is that the size measurement of choroidal mass lesion 

is been constrained by the ability of OCT, however, the montage scan protocol (over 12x12mm) 

in the SS-OCT used in this study is able to scan most choroidal tumors36. Also, the area 

measurement is not able to apply on the choroidal lesion like choroidal lymphoma, these lesion 

are diffused distribution and hard to be measured in area with a specific shape37. The other 



limitation is a small sample size of 21 eyes, however, with a large sample size, it may be possible 

to reinforce the correlation between the OCT measurement and US measurement due to the 

present excellent agreement. 

Further research is needed to improve the lesion measurement by an automatically way 

which could decrease the deviation of manual measurement. Also, the quantitative parameters 

include choroidal mass lesion volume and height may potentially benefit for disease diagnosis 

and tracking. 
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