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-chapter 12-

 concluding remarks   
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nalogous to ultrasound in operation but based on interfer-
ometry for signal  detection,  optical  coherence  tomogra-
phy  (OCT)  has  emerged  as  a  practical noninvasive  tech-
nology  that  can  produce  a  highly-accurate  structural  

cross-sectional images of superficial human tissue in vivo. Addition-
ally, functional extensions which are sensitive for local changes of the 
sample under study have been developed for OCT, which are increasing 
the applicability of the technique in many clinical fields.

The specific goal in this thesis was to show the potential of functional 
OCT to discriminate pathological from normal tissues in several clini-
cal settings, by means of the attenuation coefficient. To that end, se-
veral fundamental studies were carried out to increase the physical 
understanding of the measured signals (in phantoms, during apopto-
sis) and both ex and in vivo investigations were performed in the uro-
logical and gynecological clinic. 

The data and experience acquired throughout this thesis has led to five 
main conclusions:

Conclusion 1) 1050 nm SS-OCT/OFDI allows deeper imaging of the re-
tina and retinal pathologies. (Chapter 3)

This improved imaging depth is possible because of a) an improved 
roll- of performance of the swept source system and b) a reduced at-
tenuation for longer wavelengths (800 nm vs 1050 nm).  The latter is 
because tissue scatters less for longer wavelengths and the light ab-
sorption by water is still not a dominating factor in the eye for this 
wavelength. 
The results warrant that OCT at longer wavelengths, when not ham-
pered by absorption by water, is able to image deeper tissue structures 
and therefore allows the measurement of optical properties of deeper 
located tissue layers

Conclusion 2) OCT measures the optical property ‘the attenuation co-
efficient’ in thin layered low scattering phantoms to 50 µm and the at-
tenuation of the OCT signal scales linear as a function of density of scat-
terers within such a phantom. Moreover, the attenuation is different 
for phantoms with scatterers that have a different size and refractive 
index (TiO2 vs. SiO2). (Chapter 4 & 5)

Our results shows that functional OCT by means of the attenuation co-
efficient has the potential to measure change of the attenuation coef-
ficient in tissue whih is subjected to fundamental cellular changes such 
as the change of size, refractive index and concentration.

Conclusion 3) Functional OCT quantifies apoptosis related temporal 
change by means of the attenuation coefficient and normalized back-
scattering coefficient. (Chapter 6)

Measuring the change in attenuation and backscattering is possible 
because apoptosis is a fundamental cellular time depending process 
during which a) the cell membrane change in size and shape and b) 
cell organelles like mitochondria increase in activity which is related 
to size and concentration.
The results in this thesis show that functional OCT might be able to mea-
sure the change of attenuation coefficient in i.e. diagnosis of diseases 
in which apoptosis plays a vital role (Glaucoma, Age related macular 
degeneration) or during treatment of tumors that employs apoptosis 
as an important cell killing factor (i.e. novel focal therapies).

Conclusion 4) Functional OCT allows differentiation between healthy 
tissue and tumor (chapter 8, 9 &10)

This confirms our hypothesis that functional OCT is not only sensitive 
to changes of particle size, concentration and refractive index of an op-
tical phantom, but that it is also sensitive to similar changes that occur 
on the level of organelles and cells during carcinogenesis.  
Based on the results in this thesis, one may expect that functional OCT 
could act as an optical biopsy with added value in two scenarios. First, 
it could reduce the number of biopsies that are taken in diseases that 
currently require ‘random’ biopsy harvesting by preselecting suspi-
cious areas. Second, it could act as a non-, or minimal invasive follow-
up tool in disease management that currently require invasive biopsies 
to measure treatment result. 

Conclusion 5) Histo-pathological differentiation of low grade tumors is 
difficult and should therefore be used with consideration in studies that 
employs pathology analysis of low grade tumors as the gold standard 
(chapter 7).

The acquired results in our first attempt to relate functional OCT by 
means of the attenuation coefficient to healthy tissue and tumor re-
vealed a great discrepancy in pathology-consensus regarding the low-
er grade tumors by the three participating pathologists. 
Based on this, the studies that followed the bladder study were designed 
in close cooperation with pathologist to define measurable outcomes 
which minimized the existing discrepancy in consensus. An example 
of this is the change of a four –tier grading system (grade 1, 2, 3, 4) into 
a two –tier grading system (low and high grade) of epithelial tumors.


