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Abstract: This paper examines research works on Optical Coherence Tomography (OCT). The aim
of this paper is to review the progress and efforts of researchers over the past three decades con-
cerning the methods and applications of OCT in medical imaging. This article seeks to pave the way
for future research by thoroughly examining existing studies and developments.
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1. Introduction

In the early 1990s, OCT developed into a revolutionary imaging procedure in medical
diagnostics. By harnessing the power of near-infrared light, OCT provides high-resolution
cross-sectional views of tissues and enables detailed, non-invasive examinations. This ca-
pability has proven to be particularly valuable in ophthalmology as it aids in the diagnosis
and treatment of various eye diseases. With ongoing advances, the use of OCT is expand-
ing into other medical fields, including dermatology, cardiology and oncology, opening
new avenues for understanding disease mechanisms and evaluating treatment outcomes.
This article looks at the basic principles, recent advances and increasing applications of
OCT, highlighting its growing importance in healthcare.

Over the first two decades of its application, OCT has predominantly been employed
for the imaging of ocular tissues [1-8]. This extensive utilization reflects the technology’s
pivotal role in advancing eye-related diagnostics. Most of the research papers presented
in the practical application of OCT have been utilized for imaging results of ocular tissues.

The first reason for this focus stems from the limited penetration depth of light in
tissue, typically ranging from one to three millimeters, making OCT alone unsuitable for
imaging tissues with significant thickness.

The second reason involves the need for a linear scan of the tissue slice, which neces-
sitates moving the optical fiber or waveguide along the line. Due to the required nano-
metric resolution, precise robotic arms are essential, generally leading to time inefficiency.
However, most methods employ a movable reflective mirror, significantly enhancing the
scanning speed [9]. Though at the expense of needing substantial space to accommodate
the mechanical equipment for mirror movement. Consequently, these devices must be
positioned outside the patient's body, which, given the specific condition of the eye and
the transparency of intraocular fluid, is suitable for ocular imaging.

However, in recent years, the concurrent use of ultrasound and OCT imaging, or the
employment of rapid robots and transparent tubes, has enabled the visualization of
thicker tissues, thereby expanding the possibilities for medical imaging[10,11].

This paper is organized into 7 chapters. Chapter 1 introduces the topic. Chapter 2
outlines the history of development. Chapter 3 discusses the technical foundations and
mechanisms. Chapter 4 describes results from applications in OCT. Chapter 5 addresses
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challenges and limitations. Chapter 6 explores future work and development prospects.
Chapter 7 concludes the paper.

2. History and Development

In this chapter, a few important and highly cited articles in the field of OCT that have been
published since the beginning are discussed. To become more familiar with the subject
literature.

OCT was first introduced in the early 1990s by Huang et al. [12]. OCT is a groundbreaking
imaging technique that uses low-coherence light to capture micrometer-resolution, cross-
sectional images of biological tissues. This non-invasive method is analogous to ultrasound
imaging but employs light instead of sound waves, making it particularly useful for imag-
ing the retina and other ocular structures, as well as for identifying the composition of
arterial plaques, which is critical for assessing cardiovascular health.

The authors detail the development and potential applications of OCT, emphasizing
its high spatial resolution and sensitivity. The system utilizes a fiber optic Michelson in-
terferometer with a super luminescent diode as the light source, which allows for the de-
tection of backscattered light from within tissues. The technique's ability to differentiate
between various tissue types and to image through scattering media makes it a powerful
tool for both medical research and clinical diagnosis.

In summary, Huang et al. introduce OCT as a transformative diagnostic technique
with the capability to image internal biological structures with unprecedented detail,
without the need for invasive procedures. The technology has since become an essential
tool in ophthalmology and is expanding into other medical fields, revolutionizing the way
clinicians visualize and understand the anatomy and pathology of various diseases.

Then in November 1993, a paper was presented by Swanson et al. [13], which was
among one of the first applications of OCT for real imaging. This paper presents the de-
velopment and demonstration of the first high-speed, micrometer-resolution OCT system
for in vivo transpupillary measurements of the human retina. The system uses a super
luminescent diode source at ~843 nm with a power of ~175 uW, adhering to safety stand-
ards (ANSI Z136). It achieves a longitudinal resolution of ~14 pm and a scanning speed of
160 mmy/s, which is four times faster than previously reported results. The integration of
the OCT system with a standard ophthalmic slit-lamp biomicroscope allows for precise
two-dimensional retinal imaging.

The researchers demonstrate the clinical relevance of OCT by presenting high-reso-
lution tomographs of the retina, including images of the macular region and the optic
nerve head. These images reveal intricate retinal structures such as the retinal nerve fiber
layer (RNFL), choroid, and optic disk profile. The article also discusses image processing
techniques to correct motion artifacts, which are essential for in vivo measurements.

The potential applications of OCT in diagnosing and monitoring retinal diseases are
highlighted, including macular degeneration, macular hole, macular edema, and glau-
coma. The capability of OCT to provide objective, direct measurements of RNFL thickness
could be a significant advancement in early diagnosis and treatment.

In summary, the article showcases OCT as a promising diagnostic technique for non-
contact, noninvasive, micrometer-resolution imaging of retinal structure. The system's
ability to acquire images in less than 3 seconds, with real-time updating, suggests its clin-
ical feasibility for a variety of retinal imaging applications. The research was supported
by various U.S. government and health organizations.

In another work presented by Hee et al. [14], a similar application is shown for imag-
ing the retina of the human eye. The study, conducted in a research laboratory, involved
a convenience sample of normal human subjects to validate the correlation between OCT
images and known retinal anatomy. The OCT system utilizes a super luminescent diode
source and a fiberoptic Michelson interferometer to gather depth information from the
retina. The system is sensitive enough to detect weakly reflected light, enabling the crea-
tion of detailed tomographic images.
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Results indicated that OCT can clearly delineate morphological features of the fovea, 99
optic disc, and the layered structure of the retina with a depth resolution of 10 pm. It can 100
also identify normal variations in retinal and retinal nerve fiber layer (RNFL) thicknesses. 101
The conclusion is that OCT is a promising technique for high-resolution examination of 102
the fundus, which could be beneficial for early diagnosis and monitoring of retinal dis- 103
eases such as glaucoma, macular degeneration, and macular edema. 104

The document also elaborates on the materials and methods used in the OCT exam- 105
ination, including the design of the OCT scanner, the examination protocol, and image 106
processing techniques. The OCT examination protocol involves the use of a slit-lamp bio- 107
microscope with a condensing lens to focus the OCT probe beam onto the retina. Image 108
processing techniques include displaying cross-sectional tomographs of the retina in false- 109
color and correcting for motion artifacts. 110

Several types of OCT scans were performed to highlight normal anatomic variations 111
and potential clinical applications. These include scans along the papillomacular axis, se- 112
rial sagittal tomographs through the macula, radial tomographs through the optic disc, 113
and circular tomographs in the peripapillary region. These scans demonstrate OCT's abil- 114
ity to profile normal anatomic variations in retinal thickness and to document changes in 115
the nerve fiber layer, which could be crucial for diagnosing and monitoring diseases like 116
glaucoma. 117

In conclusion, the document presents OCT as a high-resolution imaging technique 118
for the human retina with the potential to significantly advance the diagnosis and man- 119
agement of retinal diseases. It provides a thorough explanation of the technology's capa- 120
bilities, implementation, and potential impact on the field of ophthalmology. 121

In one of the most highly cited papers presents a novel deep learning architecture, 122
CE-Net (Context Encoder Network), proposed by Zaiwang Gu et al. [15], for enhancing 123
2D medical image segmentation. The authors address the issue of spatial information loss 124
in medical image segmentation by developing a network that effectively captures high- 125
level semantic features while preserving spatial details. The CE-Net architecture is com- 126
posed of three primary modules: a feature encoder module leveraging a pretrained Res- 127
Net block, a context extractor module featuring a dense atrous convolution block and a 128
residual multi-kernel pooling block, and a feature decoder module. 129

The effectiveness of CE-Net is validated through extensive experiments across mul- 130
tiple medical image segmentation tasks, such as optic disc segmentation, retinal vessel 131
detection, lung segmentation, cell contour segmentation, and retinal OCT layer segmen- 132
tation. The results indicate that CE-Net surpasses existing methods, including the original 133
U-Net and other state-of-the-art approaches, in terms of segmentation accuracy. 134

An ablation study is conducted to evaluate the contribution of each component of 135
CE-Net to its performance, confirming the significance of the proposed architecture's de- 136
sign. The authors suggest that CE-Net is a versatile and effective solution for 2D medical 137
image segmentation tasks, with potential applications in 3D data segmentation as future 138
work. 139

In another work by Fang et al. [16], presents a novel deep learning approach, the 140
Lesion-Aware Convolutional Neural Network (LACNN), for the classification of retinal 141
OCT images to enhance the diagnosis of macular diseases. The LACNN integrates alesion = 142
detection network (LDN) to generate attention maps, which guide the classification net- 143
work to focus on local lesion features, thereby improving the accuracy and efficiency of 144
OCT image classification. The method was validated on two clinical OCT datasets, show- 145
ing its effectiveness over traditional machine learning and other deep learning methods. 146
The LACNN achieves high performance even with a limited number of training samples, 147
making it a promising tool for computer-aided diagnosis of retinal diseases. The authors 148
suggest that the LACNN framework could be extended to other complex macular dis- 149
eases, indicating potential areas for future research. 150

In another highly cited paper, Fang et al. [17], presents a novel Segmentation Based 151
Sparse Reconstruction (SSR) method for enhancing the quality of OCT images, with a 152
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focus on retinal OCT. The SSR method integrates automatic layer segmentation to con- 153
struct layer-specific structural dictionaries, which are utilized to improve the efficacy of 154
sparsity-based image reconstruction algorithms. The approach is designed to preserve an- 155
atomical and pathological features within each layer and to expedite the search for similar 156
patches by restricting it to within segmented layers. 157

The introduction outlines the difficulties encountered in analyzing OCT images due 158
to noise and low spatial sampling rates, which can be mitigated through effective de- 159
noising and interpolation techniques. The document provides a review of various recon- 160
struction models, including traditional spatial domain methods, transform-based meth- 161
ods, and sparse representation models inspired by the human visual system. It also dis- 162
cusses nonlocal sparse reconstruction models that enhance reconstruction by leveraging 163
self-similarities across the image. 164

The SSR method is composed of three primary components: layer segmentation em- 165
ploying a graph-based algorithm, layer segmentation-based dictionary construction, and 166
layer segmentation-based sparse reconstruction. The method is tailored to maintain the 167
integrity of anatomical and pathological structures within each layer and to accelerate the 168
process of searching for similar patches by confining it within segmented layers. 169

Experimental results, obtained from clinical OCT data, demonstrate that the SSR 170
method surpasses several state-of-the-art denoising and interpolation methods in terms 171
of quantitative metrics such as PSNR, MSR, and CNR. Additionally, the method exhibits 172
computational efficiency, requiring less computational time than non-local based de- 173
noising approaches. 174

In conclusion, the SSR method is proposed as a versatile technique that can be ap- 175
plied to enhance image quality across a range of tissues and imaging modalities. The au- 176
thors express gratitude to the A2A Ancillary SDOCT Study group for providing the OCT 177

image dataset used in their experiments. 178
3. Technical basis and mechanisms 179
An OCT device consists of three main components: optical, electronic, and software. 180
Optical part 181

The optical section of an OCT device is composed of five elements: the light source, 182
splitter, reflector, the tissue under test, and the sensor. 183
Light source 184

Typically, an SLD (Superluminescent Diode) is used as the light source in an OCT 185
device. SLDs generate light with low coherence, which implies a high frequency band- 186
width and short coherence length. The high bandwidth of the light source helps to elimi- 187
nate ambiguity in distance measurement[18-20]. 188

Splitter 189

The splitter typically has two functions: firstly, it divides the emitted light into two 190
parts, and secondly, it combines the two reflected beams of light. Splitters are usually 191
made from transparent materials such as glass or plastic[21-23]. 192

Reflector 193

The reflector or mirror is responsible for reflecting light. Mirrors should be made 194
from materials that have the capability to reflect light in the desired spectrum for OCT 195
(usually near-infrared). Common materials include aluminum, silver, and certain special- 196
ized alloys that are coated with anti-scratch and protective layers to enhance durability 197

and performance under environmental conditions[24,25]. 198
Tissue under test 199
This section includes the living tissue that is being examined. 200

Sensor 201
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Photodetector sensors or interferometric cameras are used as sensors in OCT devices. 202
These sensors capture the light that has interacted with the sample and the reference 203
beam, facilitating the interference pattern analysis essential for constructing high-resolu- 204
tion images of the tissue[26,27]. 205

OCT optical part operates based 206

The operational principles of OCT function as follows: Light is emitted by a light 207
source and this emitted light enters a beam splitter, which divides it into two distinct op- 208
tical paths. One beam is directed towards a reference mirror, while the other beam is di- 209
rected towards the tissue under examination. The light that is reflected back from both the 210
mirror and the tissue re-enters the beam splitter where the two beams are recombined. 211
This recombination leads to interference, and the resulting interference pattern is then 212
projected onto a detector or sensor, enabling the acquisition of depth-resolved images. 213

Physical and Quantitative Examination of Operations 214

The stages that have been described so far represent a simplified qualitative opera- 215

tion that forms the foundation of OCT. However, to implement OCT, it is necessary to 216
understand the quantitative physical relationships, which are further discussed in the sub- 217
sequent sections. 218
The optical path difference between the sample and reference paths is crucial for cre- 219
ating the necessary interference shown in equation (1) [28]. where n is the refractive index 220
of the medium through which light travels, and d is the optical path length traveled by 221
the light within the medium. 222
OPT = 2(n.d) (1) 223

The intensity of the interference light detected can be described by the interference 224
equation shown in equation (2) [29]. where I and Iz are the intensities of the light reflected 225
from the sample and reference paths, respectively, and A@ is the phase difference between 226

the two light waves. 227
I=1+1L+ 2L, cos(AD) (2) 228

Axial resolution, which determines the imaging accuracy in the depth direction, is 229
calculated as equation (3) [28]. where n is the refractive index of the medium. 230

2

Axial Resolution = (3) 231
2nAA

Lateral resolution is dependent on the diameter of the focused light spot and can 232
be calculated using equation (4) [29]. where NA is the Numerical Aperture of the optical 233

system. 234
. 0.61-4
Lateral Resolution = (4) 235
In Figure 1, a simple schematic of OCT optical part is presented. 236
Detector
]
SLD
=
- z
[}
Y
——
Mirror 237

Figure 1 a simple schematic of OCT optical part 238
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Electronic 239

The electronics component plays a vital role in processing optical signals and con- 240
verting them into digital images. This section encompasses several key components, each 241
with specific functions. Below is a detailed explanation of these components and their 242
operations: 243

Detectors 244

In OCT, detectors are typically photodiodes or other types of photodetectors that 245
convert light into electrical signals. This conversion is facilitated by the photoelectric effect 246
and constitutes the operational foundation of the device[26,27]. 247

Amplifiers 248

The electrical signals generated by the detectors are generally weak and require am- 249
plification. Amplifiers serve this role by strengthening the signals sufficiently for analysis 250
by the central processing system[30]. 251

Filters 252

Filters are used to eliminate noise and enhance the quality of electrical signals. These 253
components help remove undesirable frequencies or background noises, significantly im- 254
proving the accuracy of the final image[31]. 255

Analog-to-Digital Converters (ADCs) 256

After amplification, the signals need to be converted into a digital format to be pro- 257
cessed by computers. Analog-to-digital converters perform this transformation, enabling 258
advanced digital processing and data analysis[31,32]. 259

Control System 260

The control system in OCT is used for managing device settings, coordinating the 261
movement of mechanical components (such as scanning mirrors), and adjusting imaging 262
parameters. This system may also include software for data analysis and image genera- 263

tion[33,34]. 264
Processor 265
Signal processing, data processing, and user interface tasks are performed with the aid 266
of the processing unit[35,36]. 267

These electronic components in an OCT system collaborate to enable precise and low- 268
noise imaging of biological tissues, ultimately aiding in medical diagnostics. The integra- 269
tion of these components ensures that OCT can provide high-resolution, real-time images 270
that are essential for clinical and research applications. 271

Software 272

The software is responsible for comprehensive signal processing, which includes the 273
extraction of A-scan images, the assembly of these images into B-scan images, and further 274
synthesis into three-dimensional C-scan images. Ultimately, artificial intelligence algo- 275
rithms are employed to process the derived images, ensuring that both the images and 276
analytical results are efficiently transmitted to the user. 277

Signal processing 278

Extracted digital data are fed into the processor, where signal processing operations 279
are performed on these data. Initially, the data enter a preprocessing stage where noise 280
levels are corrected using filters. Subsequently, the main processing, which is the Fourier = 281
Transform, will be performed on the data. The Fourier Transform is essential for convert- 282
ing overlapping signals into spatial data. The use of the Fast Fourier Transform (FFT) is 283
crucial as it enables the observation and analysis of the amplitude and phase of signalsin 284
frequency space[37,38]. 285

A-scan 286
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The results from the Fourier Transform are displayed in a graph, where the horizon- 287
tal axis represents depth and the vertical axis represents signal intensity. This graph aids 288
in the precise localization of structures within the sample. 289
B-scan 290

To produce a B-scan image, the optical scanner moves laterally across the sample, 291
generating an image line (A-scan) at each point. These consecutive lines are joined to- 292

gether to form a two-dimensional image. 293
C-scan 294

To form a three-dimensional image, or C-scan, one can achieve this by assembling 295
consecutive B-scans together. 296
Al algorithms 297

Artificial intelligence can provide substantial assistance in the following scenarios. 298
Automated Disease Diagnosis, Image Quality Improvement, Fast and Accurate 299
Analysis, Process Automation and Prediction and Prevention[39-41]. 300

Various types of OCT 301

The described structure is merely a simplified model of OCT; actual models possess 302
many complexities. For example, OCT can be categorized into various types based on 303
structural differences. Below are some of these types. 304

Time Domain OCT (TD-OCT) 305

TD-OCT works by measuring the time delay of light reflected from different depths 306
within the sample using a reference mirror and a low-coherence light source. TD-OCT can 307
differentiate layers within the retina, aiding in the diagnosis of conditions like glaucoma 308
and macular degeneration [42]. 309

Spectral Domain OCT (SD-OCT) 310

SD-OCT is using a broadband light source and a spectrometer. Unlike TD-OCT, SD- 311
OCT measures the interference spectrum of reflected light, allowing for faster image ac- 312
quisition and improved resolution. This technology is particularly useful in ophthalmol- 313
ogy for examining the retina and diagnosing conditions like macular degeneration and 314
diabetic retinopathy. SD-OCT's ability to provide real-time, high-resolution images makes 315
it a valuable tool in clinical practice [43,44]. 316

Swept Source OCT (S5-OCT) 317

SS-OCT uses a tunable laser source to capture high-speed and high-resolution cross- 318
sectional images of biological tissues. By sweeping the laser across a range of wavelengths, 319
SS-OCT collects depth information more quickly than traditional methods. This technol- 320
ogy is particularly beneficial in ophthalmology, enabling detailed visualization of the ret- 321
ina and choroid, and is effective in diagnosing and managing eye diseases like glaucoma 322
and age-related macular degeneration. S5-OCT's extended imaging depth and speed 323
make it suitable for a wide range of clinical applications [45,46]. 324

Fourier Domain Mode Locked OCT (FDML OCT) 325

FDML OCT is an advanced imaging technique that utilizes a FDML laser to achieve 326
high-speed and high-resolution imaging. FDML lasers enable rapid wavelength sweep- 327
ing, allowing for fast acquisition of OCT images without the need for resampling in the 328
frequency domain. This technology significantly enhances imaging speed and depth 329
range, making it particularly useful in medical imaging applications such as ophthalmol- 330
ogy. FDML OCT provides detailed cross-sectional images of tissues, aiding in the diagno- 331
sis and monitoring of various conditions. The combination of high speed and resolution 332
makes FDML OCT a valuable tool for real-time imaging applications [47-49]. 333
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4. Application 334

In this section, we focus on practical papers in the field of Optical Coherence Tomog- 335
raphy (OCT), examining their applications, results, and obtained outcomes. 336

In the study conducted by Gardecki et al., micro-OCT is presented [50]. pOCT offers 337
high-resolution imaging of prostate tissue, capable of resolving architectural and cellular 338
features associated with benign and neoplastic prostate conditions. The pOCT system 339
uses a spectral-domain OCT with a broad bandwidth light source, achieving an axial res- 340
olution of less than 1 pm. Despite its penetration depth of 300-500 pm, which is greater 341
than other in vivo microscopy modalities, it remains insufficient for imaging the entire 342
prostate with a realistic number of needle insertions. The study suggests that imaging at 343
longer wavelengths could significantly increase penetration depth, potentially doubling 344
or tripling current values. Implementing pOCT in a small-diameter probe for in vivo use 345
could reduce biopsy sampling errors and enhance prostate cancer diagnosis. The study 346
found that 14% of the samples contained prostate cancer, while 86% were benign, indicat- 347
ing nOCT's potential utility in prostate diagnostics. 348

In another study conducted by Zhou et al., the research focused on detecting early- 349
stage degeneration of human articular cartilage using polarization-sensitive OCT (PS- 350
OCT) [51]. The study demonstrates the efficacy of PS-OCT in differentiating bone tissue 351
types, particularly in the context of prostate cancer-associated bone metastases (PCBM). 352
The degree of ordered organization (DOO) feature, derived from PS-OCT, effectively dis- 353
tinguishes between trabecular and irregular bone regions, offering a non-invasive alter- 354
native to traditional imaging methods. The integration of PS-OCT with MATLAB-based 355
image analysis tools allows for detailed examination of bone microstructures, such asla- 356
cunae morphology, at a rapid pace, enhancing the efficiency of research cycles. Despiteits 357
potential, the study acknowledges the sensitivity of PS-OCT to environmental conditions 358
and the need for further development for in-vivo applications. The combination of PS- 359
OCT with conventional techniques like CT and SEM provides a comprehensive under- 360
standing of bone tissue dynamics, paving the way for advancements in bone-related pa- 361
thologies. Future work aims to develop a fiber-based endoscope for in-vivo imaging, po- 362
tentially expanding the clinical utility of PS-OCT. 363

In the paper presented by Waheed et al. [52], OCT-Angiography (OCTA) has 364
emerged as a pivotal tool in the assessment of diabetic retinopathy (DR), offering detailed 365
insights into retinal microvascular changes. The technology's ability to visualize and 366
quantify the foveal avascular zone (FAZ) and vessel density provides critical data for eval- 367
uating DR severity and progression. Despite its potential, challenges such as image arti- 368
facts and variability in FAZ metrics remain, necessitating further refinement in imaging 369
techniques and standardization across studies. Recent advancements in OCTA, including 370
higher-speed platforms and improved software, are enhancing the precision of peripheral 371
retina assessments, crucial for detecting neovascularization and non-perfusion. These de- 372
velopments underscore OCTA's role in advancing our understanding of DR and support- 373
ing the development of new therapeutic strategies. Future research should focus on cor- 374
relating OCTA metrics with visual function to validate their clinical utility. 375

In another work presented by Azzollini et al. [53], Dynamic-OCT (D-OCT) is a cut- 376
ting-edge imaging technique that provides label-free, live optical imaging of dynamic cel- 377
lular and subcellular features by analyzing temporal fluctuations of optical signals asso- 378
ciated with intracellular organelle movements. This method offers insights into cellular 379
physiology and is particularly promising for three-dimensional evaluation of live tissue 380
samples, such as freshly excised biopsies and 3D cell cultures. D-OCT leverages the tem- 381
poral behavior of optical signals to gain deeper insights into cellular mechanisms, allow- 382
ing for the visualization of specific cells and their nuclei, and identifying cell mitotic states. ~ 383
It circumvents the need for fluorescent dyes, thus avoiding photo-toxicity and biases in- 384
troduced by fluorescent markers. Applications of D-OCT include monitoring cell states, 385
detecting apoptosis, and assessing responses to anti-cancer drugs in vitro. It is also used 386
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for ex vivo tissue analysis, such as detecting different tissue components and changes in 387
OCT signal variance due to lipid droplet movements. 388

Huang et al. presented a needle-based OCT with real time visualization capabilities 389
[54]. The study investigated the use of Needle-Probe OCT for real-time visualization of 390
Veress needle placement in a porcine model, aiming to enhance the safety of pneumoperi- 391
toneum establishment in laparoscopic surgery. The primary outcome was a 97.5% success 392
rate in peritoneal punctures, with no intra-abdominal organ injuries reported. The OCT 393
system transformed the traditionally blind closed technique into a visualized procedure, 394
improving the safety of peritoneal access. Statistical analysis showed a significant differ- 395
ence in the standard deviation (STD) of OCT images, indicating high discrimination capa- 396
bility between the peritoneum and extra-peritoneal tissue, with an area under the ROC 397
curve (AUC) of 0.97. The study suggests that the OCT system could be a valuable tool for 398
minimally invasive procedures in modern surgery. Additionally, 74.7% of surveyed sur- 399
geons expressed willingness to use the Veress needle again if an assisted device could 400
visualize the puncturing process. 401

In another reported work by Kuo et al. [55], highlights the effectiveness of the Quad- 402
ratic Support Vector Machine (QSVM) classifier in identifying the epidural space (ES) with ~ 403
high sensitivity (97.5%), specificity (95%), and accuracy (96.2%). The OCT needle probe, 404
integrated with machine learning, provides real-time, high-resolution imaging for accu- 405
rate needle placement in medical procedures, particularly in neuraxial blocks. The 406
handheld OCT needle probe, although currently limited to larger needles, offers potential ~ 407
for compact and cost-effective clinical applications. The system's ability to provide de- 408
tailed anatomical imaging from the needle tip complements ultrasound-guided methods, 409
although it does not guide the needle's trajectory. The OCT technology is also explored 410
for other medical applications, such as fascial blocks, emphasizing the need for further 411
validation in clinical practice. The integration of OCT with artificial intelligence presents 412
an opportunity to improve the quality of medical care amidst increasing demand and lim- 413

ited human resources. 414
5. Challenges and Limitations 415
In this part I am going to describe the limitations that we understood until now. 416

6. Future and Development 417
To describe some Ideas for our work 418

7. Conclusion 419
420

421
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