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1.7-micron Optical Coherence Tomography 
Angiography for Characterization of Skin 

Lesions – A Feasibility Study 
 

Yan Li, Raksha Sreeramachandra Murthy, Yirui Zhu, Fengyi Zhang, Jianing Tang, Joseph N. Mehrabi, 
Kristen M. Kelly, and Zhongping Chen 

 

Abstract—Optical coherence tomography (OCT) is a non-

invasive diagnostic method that offers real-time 
visualization of the layered architecture of the skin in vivo. 
The 1.7-micron OCT system has been applied in cardiology, 
gynecology and dermatology, demonstrating an improved 
penetration depth in contrast to conventional 1.3-micron 
OCT. To further extend the capability, we developed a 1.7-
micron OCT/OCT angiography (OCTA) system that allows 
for a visualization of both morphology and 
microvasculature in the deeper layers of the skin. Using this 
imaging system, we imaged human skin with different 
benign lesions and described the corresponding features 
of both structure and vasculature. The significantly 
improved imaging depth and additional functional 
information suggest that the 1.7-micron OCTA system has 
great potential to advance both dermatological clinical and 
research settings for characterization of benign and 
cancerous skin lesions.  

 
Index Terms— Optical coherence tomography, OCT 

angiography, Skin cancer, 1.7-micron, Dermatology, 
Clinical diagnosis 

I. INTRODUCTION 

ERATINOCYTE carcinomas skin cancer is the most 

commonly diagnosed malignancy in the United States 

with more than 9,500 new cases every day [1]. With early 

detection and prompt treatment, 99% of skin cancers are 

curable. In addition to visual examination, dermoscopy is 

routinely used to provide a magnified evaluation of skin lesions 

and improve diagnostic accuracy of benign and cancerous skin 

lesions [2]. However, only the morphology of superficial layers 

can be visualized, and the accuracy of diagnosis depends highly 

on the skills and clinical experience of the examiners. For more 

diagnostic certainty, a sample of the suspicious lesion is 

typically removed via biopsy for histopathological 

examination. This procedure is the gold standard for skin 

characterization, but it is inconveniently invasive and painful, 

and diagnostic results may not be known for days after the 

procedure.  
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In recent decades, many novel noninvasive biomedical 

imaging modalities, such as magnetic resonance      imaging 

(MRI), ultrasonography, reflectance confocal microscopy 

(RCM), and optical coherence tomography (OCT) have been 

utilized in both clinical and research settings to aid in the 

diagnosis of skin cancer, permitting real-time visualization of 

internal structures and their functions (e.g. vascular network, 

flow rate, and elasticity) in the skin [3-7]. They also offer the 

advantage and convenient ability of performing repeated 

imaging of the same lesions without harmful adverse effects, 

enabling the observation of dynamic and long-term changes 

over time. Each imaging modality has its own features and 

unique trade-offs between spatial resolution, level of contrast, 

imaging depth, acquisition time, and field of view.  

MRI has a large penetration depth and a wide field of view 

but a low spatial resolution (~ 100 µm) and long imaging time 

as well as considerable associated expense, justifying its utility 

in detecting only advanced metastasis of skin cancers. High-

frequency ultrasonography has a resolution of 30-120 µm and 

an imaging depth of 4–30 mm. It allows for real-time 

visualization of both morphological and physiological aspects 

of the skin and plays an important role in clinical studies, but 

its diagnostic accuracy and capacity to delineate tumor margins 

are compromised by its low contrast and spatial resolution [8-

10]. RCM captures nuclear and cellular morphology of the skin 

with an axial resolution of ~3-5 μm, which has been 

demonstrated to be effective in increasing the diagnostic 

accuracy as well as reducing the number of unnecessary 

biopsies. However, only the most superficial parts of the lesion 

can be evaluated due to its limited depth of penetration (~ 150-

200 μm) [11].   

OCT uses low-coherence light to capture two- and three-

dimensional (3D), structural images down to skin depths of ~ 

1- 2 mm with a spatial resolution of 3 to 15 μm, which can 

supplement current imaging methods. Furthermore, OCT 

angiography (OCTA), as a functional augmentation of OCT, 

allows for the visualization of cutaneous microvasculature via 

K 
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the detection of fluctuations in amplitude and/or phase of 

sequential OCT signal with high resolution and sensitivity [12-

14]. It offers an extension to the structural rendering of the skin, 

providing more critical information toward accurate cancer 

diagnosis (e.g. vascular density and blood flow rate) because 

vascular formation and angiogenesis are key indicators of 

tumor development and progression [12, 13, 15-20].  In 

addition, the recent advances in spatial resolution, imaging 

speed, and probe design make OCT/OCTA an attractive clinical 

tool for skin cancer diagnostics, margin delineation, and 

therapy monitoring [21-26]. Most commercial skin imaging 

OCT devices, such as Vivosight®, Callisto®, and NITID®, use 

a light source with a wavelength centered at 1.3 µm for image 

acquisition, which offers the advantages of low water 

absorption and strong penetration capability.  Studies on 

various skin diseases using OCT devices revealed an increased 

diagnostic accuracy when dermatologists apply OCT as a 

supplement in routine clinical work [27-30]. 

To further optimize the performance of OCT devices, several 

studies have reported that OCT devices with a light source 

centered at 1.7 µm demonstrsted improved penetration depth by 

up to ~25% through ex-vivo or in-vivo tests [31-33]. The 

imaging depth of OCTA, which is based on OCT, is therefore 

also enhanced, allowing for mapping vasculature in deeper 

layers of biological tissue.  In our study, we developed a 1.7-

micron OCT and OCTA system and extended its capability to 

characterize skin lesions by visualizing both morphology and 

vasculature in deeper layers of the skin.  We imaged different 

types of non-cancerous human skin lesions in vivo as a 

preliminary evaluation of this technology for cutaneous 

imaging and describe the features of OCT and OCTA images.  

II. METHODS 

A. System Setup 

The schematic diagram of the developed OCT and OCTA 

system is presented in Figure 1. The system is powered by a 1.7 

µm-centered wavelength swept-source laser.  The output light 

from the laser source is split by a 90:10 optical fiber coupler 

where 90% of the light is propagated to the sample arm 

(handheld probe) and the remaining 10% to the reference arm, 

which consists of a collimator, lens, and mirror.  The 

backscattered light from the sample and the back-reflected 

reference beam generates the interference signal in the 50:50 

optical fiber coupler which is then delivered to the balanced 

photodetector. In the handheld probe, a dual-axis galvanometer 

and a scan lens were applied for 3D OCT imaging.  To make 

sure the imaging target is placed within the depth of focus, a 

threaded adapter was connected to the probe where the distance 

between the target and the probe can be easily adjusted with 

rotation of the adapter. The output power from the laser source 

and handheld probe are ~18 mW and ~10 mW, respectively. 

The axial and lateral resolution of the system are ~ 22 µm and 

~40 µm.    

 

Fig. 1. Schematic of the 1.7-micron OCTA system. 

B. Scanning Protocol 

OCTA requires multiple images in sequence at the same 

position to reveal the portion with fluctuations. Here, an inter-

frame scanning protocol is applied in which consequent 6 cross-

sectional B-scans (M=6) are acquired at the same position and 

compared to extract vascular information, shown in Figure 2.  

This inter-frame protocol has a longer time interval 𝛥𝑇 of ~ 5.6 

ms as it utilizes the slow scan (Galvo Y) of the imaging 

apparatus which is able to provide high sensitivity for 

microvasculature. An intensity-based Doppler variance 

algorithm [16] is utilized to capture the fluctuation caused by 

blood flow to form Doppler OCT images. Doppler OCT images 

are re-sliced along depth direction to obtain en face OCTA at 

different depths. A 2D filter [Figure S1 in Supplementary 

material] was applied to remove the artifact from bulk motion. 

Then the OCTA  was processed by Hessian based Frangi 

Vesselness filter [34] to enhance blood vessel networks. The 

entire imaging area is 5 mm × 5 mm. The step size in X/Y 

direction are 10 µm. 

 
Fig. 2. Scanning protocol. 

C. In Vivo Human Experiment 

This was a prospective pilot study to evaluate non-cancerous 

skin lesions in-vivo using 1.7-micron OCT/OCTA technology. 

The protocol was approved by the Institutional Review Board 

and patients were recruited from the Department of 

Dermatology at the University of California, Irvine (UCI). The 
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handheld probe was sterilized before imaging. Patients with 

various types of skin lesions were diagnosed by a dermatologist 

based on OCT image, OCT angiogram, and direct visualization.  

A single operator performed all imaging to minimize operator 

variability. Single image acquisition took 30 seconds to 

complete. Scanning of approximately six volunteers was 

planned. For the subjects with lesions, the imaging area 

included lesional and adjacent normal tissue, which were 

separated by a white dashed line.  

III. RESULTS 

Six subjects were recruited, including one healthy volunteer 

and five patients with various skin lesions. 3D and cross-

sectional OCT images that allow for the visualization of both 

overall and detailed morphologies were obtained. In addition, 

the Doppler variance algorithm was applied to reconstruct the 

vasculature of the skin. To quantify morphology and 

vasculature, the thickness of the epidermis and the density of 

the vasculature were calculated. 

A. Healthy Human Palm. 

Figures 3 (a)-(c) show representative 3D OCT images, 2D 

depth color encoded vasculature, and a 3D rendering of co-

registered OCT and angiography (X-Y plane), respectively. 

Figures 3(d)-(k) are the cross-sectional OCT images (Y-Z 

plane) at different longitudinal positions along X axis. Dermal-

epidermal junction (DEJ) of the skin which is determined by 

both OCT and Doppler OCT images is labeled by a dashed 

green line in Figure 3(d). Homogeneous vascular patterns and 

well-defined layer architecture can be visualized from the 

angiogram and OCT images. Healthy skin is supplied with a 

rich vascular network. The vessel density in this case is ~54%, 

and the average thickness of the epidermis is ~ 200 µm. 

 

Fig. 3.  Healthy human palm. (a) 3D OCT image. (b) Depth encoded 

angiogram where red to green represents shallow to deep depths. (c) 

Co-registered OCT image and angiogram projection on Y-X plane. (d)-

(k) Cross-sectional OCT images on Y-Z plane from different positions 

along X direction. DEJ: dermal-epidermal junction, indicated by green 

dashed line. Scale bar: 1mm.  

B. Solar Lentigo. 

OCT and Doppler angiography of a solar lentigo on the back 

of a hand are shown in Figure 4. The DEJ can be clearly 

defined, indicated by the green dashed line in Figure 4 (d). The 

thickness of epidermis is ~ 80 µm. Figures 4 (b) and (c) show 

2D depth-encoded angiography and a co-registered rendering 

of OCT image and angiography where a homogenous vascular 

pattern with a density of ~52% was identified.  

 

Fig. 4.  Solar lentigo. (a) 3D OCT image. (b) Depth encoded 

angiogram where red to green represents shallow to deep depths. (c) 

Co-registered OCT image and angiogram projection on Y-X plane. (d)-

(k) Cross-sectional OCT images on Y-Z plane from different positions 

along X direction. DEJ: dermal-epidermal junction, indicated by green 

dashed line.  Scale bar: 1mm. 

C. Seborrheic Keratosis. 

OCT and angiography of a seborrheic keratosis (SK) on the 

back of a hand are presented in Figure 5. The lesion [on the right 

of the dashed white line in Figure (5b)] has a rough, verrucous 

surface, which can be appreciated in the 3D rendering in Figure 

5(a). OCT cross-sections exhibit decreased and 

nonhomogeneous signal intensity. The lesional epidermis 

(thickness: ~ 197 µm) is thicker than that of normal skin on the 

back of the hand. According to the angiogram [Figure 5(b) and 

5(c)], the vascular densities of the two skin profiles, the SK 

itself (right) and surrounding skin (left), [separated by white 

dashed line in Figure 5(b)], are ~51% and ~58%.  

 

Fig. 5. Seborrheic keratosis. (a) 3D OCT image. (b) Depth encoded 

angiogram where red to green represents shallow to deep depths. (c) 

Co-registered OCT image and angiogram projection on Y-X plane. (d)-

(k) Cross-sectional OCT images on Y-Z plane from different positions 

along X direction. DEJ: dermal-epidermal junction, indicated by green 

dashed line. Scale bar: 1mm. 
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D. Cherry Angioma. 

A cherry angioma was scanned with OCT and is presented in 

Figure 6. In the 3D OCT rendering [Figure 6 (a)], a protruding 

lesion can be clearly identified. From the corresponding 

angiogram, it exhibits a clustered vascular pattern with a 

density of ~63%, which is much higher than that of adjacent 

tissue (density: ~53%). The DEJ is labeled in Figures 6 (d) and 

(h). The epidermis thickness of the angioma is ~ 43 µm, which 

is thinner than that of adjacent tissue (epidermis thickness: ~56 

µm). In addition, another feature of the angioma is decreased 

OCT intensity in contrast to that of adjacent tissue. 

 

Fig. 6.  Cherry angioma. (a) 3D OCT image. (b) Depth encoded 

angiogram where red to green represents shallow to deep depths. (c) 

Co-registered OCT image and angiogram projection on Y-X plane. (d)-

(k) Cross-sectional OCT images on Y-Z plane from different positions 

along X direction. DEJ: dermal-epidermal junction, indicated by green 

dashed line.  White dashed box: angioma. Red dashed box: normal 

tissue. Scale bar: 1mm. 

E. Dermal Nevus. 

OCT images and angiography of a dermal nevus which is a 

pigmented skin lesion on the back are shown in Figure 7. 
Similar to the gross superficial structure of an angioma, a 

protruding lesion is identified in the 3D OCT image [Figure 7 

(a)]. Regarding the angiogram, the vessel density (~50%) of the 

lesion is similar to that of the adjacent skin (density: ~53%). 

The slightly decreased density may be due to the absorption of 

light by melanin.  In the cross-sectional OCT images, the DEJ 

is labeled in Figures 7 (d) and (e). The epidermal thickness of 

this dermal nevus is found to be ~123 µm, which is higher than 

that of adjacent skin (~76 µm). In addition, another feature of a 

dermal nevus is slightly decreased OCT intensity from the 

tissue under the DEJ in contrast to that of adjacent tissue. 

 

Fig. 7.  Dermal nevus. (a) 3D OCT image. (b) Depth encoded 

angiogram where red to green represents shallow to deep depths. (c) 

Co-registered OCT image and angiogram projection on Y-X plane. (d)-

(k) Cross-sectional OCT images on Y-Z plane from different positions 

along X direction. DEJ: dermal-epidermal junction, indicated by green 

dashed line. Scale bar: 1mm.  White dashed box: dermal nevus. Red 

dashed box: normal skin. 

F. Actinic Keratosis. 

Results of OCT scans of an actinic keratosis on the back of 

the hand are shown in Figure 8. In the 3D rendering [Figure 

8(a)], two protruding lesions can be clearly visualized, which 

exhibit decreased vessel density (43%) compared to that of 

adjacent tissue (56%), shown in Figures 8 (b) and (c). The 

overall angiography of the lesion exhibited a dense, tortuous, 

reticular vascular network. In the cross-sectional OCT images, 

the DEJ is indicated by a green dashed line in Figure 8 (j), which 

is more irregularly shaped when compared to that of previous 

cases with varied epidermal thicknesses in a wide range from 

91 to 225 µm.  

 

Fig. 8.  Actinic keratosis. (a) 3D OCT image. (b) Depth encoded 

angiogram where red to green represents shallow to deep depths. (c) 

Co-registered OCT image and angiogram projection on Y-X plane. (d)-

(k) Cross-sectional OCT images on Y-Z plane from different positions 

along X direction. DEJ: dermal-epidermal junction, indicated by green 

dashed line. Scale bar: 1mm.   

Table 1 shows quantitative analysis of OCTA from six 

subjects, including vascular density, tortuosity, fractal 

dimension, and average diameter. Details of the imaging 

processing procedure and key equations for calculations are 

presented in the supplementary material.  

Table 1 Quantitative analysis of OCTA. 1: Healthy Human Palm. 2: Solar 

Lentigo. 3: Seborrheic Keratosis. 4: Cherry Angioma. 5: Dermal Nevus. 6: 

Actinic Keratosis. 

IV. CONCLUSION 

OCTA, as a functional extension of OCT, provides the ability 

to visualize vascular morphology down to a skin depth of ~ 1-2 

Subject 
Density 

Fractal 

dimension 
Tortuosity 

Averaged Diameters 

(µm) 

Lesion Control Lesion Control Lesion Control Lesion Control 

1  54%  1.94  1.11  75.7±8.1 

2 52% 52% 1.94 1.94 1.12 1.12 67.0±10.6 67±10.6 

3 51% 58% 1.88 1.83 1.14 1.12 63.0±8.4 57.5±9.1 

4 63% 53% 1.86 1.91 1.12 1.13 61.1±10.7 67.2±6.7 

5 50% 53% 1.85 1.86 1.14 1.11 60.8±8.1 70.7±13.5 

6 43% 56% 1.82 1.88 1.16 1.12 63.3±6.4 65.4±6.8 
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mm with spatial resolution on the level of micrometers. Recent 

studies have demonstrated the utility of 1.3 µm OCT/OCTA in 

dermatology and its increased diagnostic accuracy [27]. In this 

paper, we demonstrated the first applications of 1.7-micron 

OCT/OCTA for diagnosis of different skin lesions in vivo.  

We tested the system in vivo on six subjects with different 

skin conditions, including healthy skin, solar lentigo, seborrheic 

keratosis, cherry angioma, dermal nevus, and actinic keratosis. 

Each case was described in terms of structure and vascular 

morphology of the skin as interpreted via OCT/OCTA.  1.7-

micron OCT/OCTA can provide more comprehensive 

information as a supplement to dermoscopy. While the 

proposed 1.7-micron OCT/OCTA system is a promising in vivo 

imaging method for characterization of skin cancer, a few 

challenges still need to be addressed in order to successfully 

translate this technology for clinical applications.  

Six subjects were involved in our feasibility study. While 

different features were presented in each case, objective 

quantitative analysis was lacking.  To establish diagnostic 

criteria (typical features in skin architecture and vascular 

morphology), more subjects with different conditions need to 

be studied and analyzed statistically. Furthermore, the influence 

from both intrinsic and extrinsic factors, such as different body 

locations and age, on the thickness of the epidermis as well as 

the density and morphology of blood vessels likely introduces 

more variability. To further improve accuracy, normal adjacent 

tissue should be imaged for each patient as a control, and the 

epidermal thickness and vessel morphology could be used as a 

comparison to lesional or diseased tissue.   

In our study, the epidermal thickness and vessel morphology 

were described for the characterization of various skin lesions. 

To further improve the accuracy, more parameters should be 

investigated to quantify the changes in structure, vascular 

morphology, and chemical composition based on OCT and 

OCTA images. For example, the measurement of reflectivity 

and attenuation coefficient could provide a quantitative analysis 

of the skin’s physical alterations [35]. To provide 

comprehensive characterization, optical coherence 

elastography could be incorporated to map the biomechanical 

property of tissue [36-38].  

In summary, we have reported on a 1.7-micron OCT/OCTA 

system for characterization of common skin lesions. The 

feasibility and performance of our system were tested and 

validated in vivo in human subjects. The proposed system has 

the capability of providing more structural and vascular 

information at increased skin depths than previous OCT 

systems, and we believe it has great potential to bring new 

insights in diagnosis as well as better management of skin 

cancer.   
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