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describe protocols to include gold nanoparticle contrast agents, and 
present layered phantoms to quantify the contrast caused by these 
particles in OCT images.

Phantoms developed in chapter four are applied in chapter five. Here, 
we describe the developed phantom eye model containing a silicone 
based phantom retina of five layers with various scattering properties. 
Using this eye model, we quantified the intra-brand and inter-brand 
variation of retinal nerve fiber layer (RNFL) thickness measurements 
for four brands manufacturers (RTVue by OptoVue, 3DOCT-1000 by 
Topcon, Cirrus by Zeiss Systems and Spectralis by Heidelberg) of SD-
OCT devices. All systems combined overestimate the 49 µm thick phan-
tom RNFL thickness on average by 18 µm. Within brands, thickness 
measurements differ statistically significant for one Topcon, one RT-
Vue and one Cirrus. Between brands, thickness determined with RT-
Vue and Topcon differ statistically significant from Cirrus and Spec-
tralis. The maximum difference between mean thicknesses is 3.6 µm 
within brands and 7.7 µm between brands.

The effect of cell death on the OCT signal is described in chapter six. Ac-
curate detection of cell death can be carried out with use of molecular 
and cell biological techniques such as fluorescence activated cell sort-
ing, histology, assaying genomic disintegration, and protein analysis. 
However, these techniques lack the option for real-time in vivo moni-
toring and require invasive sample harvesting procedures. In this pa-
per, μoct and normalized µb-NA (backscatter coefficient) is investigated to 
measure alcohol (EtOH) mediated cell death in cultured human retina 
pigment epithelial cells (ARPE 19). Apoptosis appears to cause a dis-
tinct temporal attenuation and backscattering pattern. We discus that 
this pattern may be related to the change of extra and intracellular 
morphology of cells which is based on findings in this study and in lit-
erature.

In chapter seven, we describe our first application of functional OCT in 
grading of bladder cancer. Real-time grading of bladder urothelial car-
cinoma (UC) is clinically important, but the current standard for gra-
ding (histopathology) cannot provide this information. We hypothesize 
that using μoct, the grade of bladder UC can potentially be assessed. We 
evaluate ex vivo whether μoct differs between different grades of UC 
and benign bladder tissue. Human bladder tissue specimens are ex-
amined ex vivo by 850-nm OCT using dynamic focusing. Three obser-
vers independently determine the μoct from the OCT images, and three 
pathologists independently review the corresponding histology slides. 
For both methods, a consensus diagnosis is made. 76 OCT scans from 
54 bladder samples obtained in 20 procedures on 18 patients are in-

he purpose of the work presented in this thesis is to show the 
potential of functional OCT to discriminate pathological from 
normal tissues in several clinical settings, by means of the 
attenuation coefficient (chapter one). To that end, several 

fundamental studies were carried out to increase the fundamental un-
derstanding of the measured signals (in phantoms, during apoptosis) 
and both ex and in vivo investigations are performed in the urological 
and gynecological clinic.  

Chapter two starts with an explanation on interferometry, the basis of 
OCT. It also discusses the advantages and limitations of all OCT systems 
used throughout this thesis (time domain, spectral domain and swept 
source OCT). Also, optical system parameters are defined, such as the 
axial resolution, lateral resolution and depth sensitivity. It is empha-
sized that OCT is an extension of the confocal microscope. Moreover, 
it is important to notice that the OCT signal measured as a detector is 
proportional to the field rather than the power or amplitude. Function-
al OCT by means of the optical attenuation coefficient [μoct] is explained 
and the need for adequate system calibration. This chapter concludes 
with a description on how to implement the system calibration which 
allows to extract true attenuation coefficient values throughout this 
thesis

Chapter three presents the first application of three dimensional opti-
cal frequency domain imaging (OFDI) at a longer wavelength (1050 
nm) for the study of age related macular degeneration (AMD). We hy-
pothesized that the wavelength depended reduced attenuation in the 
retina and the prolonged effective ranging depth of the SS-OCT system 
of 1050 nm OFDI is particularly important for detecting retinal abnor-
malities expressed in patients with AMD, such as pigment epithelium 
detachment (PED) and visualizing occult (type 1) choroidal neovas-
cularization (CNV) below the retinal pigment epithelium (RPE). 1050 
nm OFDI was tested in three patients before and after anti-VEGF treat-
ment with ranibizumab. It was concluded that the developed system at 
1050 nm provides an improved roll-off (6dB over 2.75 mm) and good 
contrast for occult (type 1) CNV and may have advantages compared 
with time domain and current state of the art spectral domain OCT 
systems (SD-OCT) at 850 nm. 

In chapter four we describe the development of easy-to-manufacture, 
low-cost phantoms, using 50-300 µm thin layers as building blocks, 
which fulfill the desirable criteria by Pogue etal [1]. To our best know-
ledge, it is the first time that geometrical variations such as wavy 
structures mimicking the boundary between dermis and epidermis in 
skin and small capillary channels are demonstrated. In addition, we 
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cluded in this study. We conclude that functional OCT analysis (by μoct) 
does not detect morphological UC changes which we attribute to fac-
tors typical for an ex-vivo experimental setting and lack of good In-
terobserver agreement of histopathology.

To avoid unnecessary surgical treatment of small renal masses (SRM, 
≤ 4 cm), a more accurate diagnostic method is be desirable since radio-
logical differentiation between malignant and benign is difficult and 
additional core needle biopsies has shown to have a non-diagnostic rate 
up to 37%. In chapter 8, we evaluate the ex-vivo ability of the μoct to 
distinguish malignant renal tissue from normal renal parenchyma in 
patients with RCC based on the attenuation coefficients of these tissue 
types. Albeit on a limited number of samples, in this study we conclude 
that ex vivo OCT attenuation coefficients are different between renal 
parenchyma and RCC tissue with RCC tissue showing a significant 
higher attenuation coefficient when all patients are grouped together 
per tissue type. Comparison within patients does not show statistically 
significant differences. 

Based on results from chapter eight, the studies advanced into an in 
vivo setting in chapter nine.  Consecutive patients undergoing nephrec-
tomy (partial/radical) or cryoablation for an enhancing solid renal tu-
mor are included. In-vivo OCT-images and attenuation-coefficients are 
obtained from renal tumor and normal parenchyma. Ex-vivo OCT-imag-
es of internal tissue are obtained after longitudinal dissection of the ex-
tirpated specimen. Attenuation coefficients of the OCT-images are com-
pared between normal renal parenchyma vs. renal tumors (grouped 
per tissue-type and per individual patient); and between OCT-images 
recorded from tissue surface vs. internal (sub-capsular) tissue. In this 
first in-vivo study on OCT for differentiation of renal tumors in humans 
the attenuation-coefficients (as a quantitative assessment) differes 
significantly between normal renal parenchyma and malignant tumor. 
Tumor surface and internal tumor did not differ significantly suggest-
ing that superficial OCT attenuation-coefficient reliably assess tissue 
composition inside the tumor.

In chapter ten, OCT is used to differentiate between normal and vul-
var intraepithelial neoplasia (VIN) tissue. Vulvar squamous cell car-
cinoma (VSCC) is a gynecological cancer with an incidence of two to 
three per 100,000 women. VSCC arises from VIN, which is diagnosed 
through painful punch biopsy. We hypothesize that (a) epidermal layer 
thickness measured in OCT images is different in normal tissue and 
VIN, and (b) quantitative analysis of μoct extracted from OCT data dif-
ferentiates VIN from normal vulvar tissue. Twenty lesions from 16 pa-
tients are imaged with OCT. Directly after data acquisition, a biopsy 

is performed. Epidermal thickness is measured and values of μoct are 
extracted from 200 OCT scans of normal and VIN tissue. We found that 
both epidermal layer thickness as well as the μoct are different between 
normal vulvar tissue and VIN lesions (p<0.0001). This study therefore 
demonstrates that both the epidermal thickness and the attenuation 
coefficient of vulvar epithelial tissue containing VIN can be used to dif-
ferentiate between normal en VIN tissue.


