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Future perspectives

At the end of this thesis we consider the future use of imaging techniques in the years to 

come and their potential to improve colonoscopy. In the following paragraphs we will make 

several recommendations on their future role and highlight studies that could provide us 

with evidence on how to improve the efficacy of colonoscopy.

DeTecTion

In the past years, various new techniques have been introduced in an effort to improve detec-

tion of colorectal lesions. The majority of these techniques is based on the principle that the 

structure of (pre)malignant lesions differs from that of the surrounding, healthy tissue and 

consequently differ in their ability to absorb and reflect light. Many advanced endoscopic 

techniques use this trait to depict such lesions differently, thereby facilitating their detection. 

Despite the plausibility of this approach, to date few techniques have shown to be superior 

in detection compared with the standard technique of white light. For example, research in 

this thesis assessed the detection quality of chromoendoscopy and autofluorescence and 

found no beneficial value. Other research however did show these two techniques were use-

ful in particular patient populations, being chromoendoscopy in patients with inflammatory 

bowel disease and autofluorescence in patients at high risk for colorectal adenomas. Future 

research should validate these results but until such evidence is provided, both techniques 

should be applied in a research setting or used as an additional tool on top of white light 

colonoscopy. It should be emphasized that the usefulness of results from future studies on 

these techniques will depend largely on their design and size, as discussed in this thesis.

Rather than depending on architectural abnormalities, the promising technique of fluo-

rescence endoscopy relies on alterations in protein expression of premalignant lesions. This 

technique attempts to improve the detection of such lesions through the use of fluorescent-

labelled peptides that bind to premalignant lesions only. Several studies have shown encour-

aging results, though most of these studies have focused on protein expression triggered 

by one gene mutation only, while the transformation of normal tissue into malignant tissue 

is known to be complex with many mutations involved. Further insights from fundamental 

research on the sequence of mutations in malignant transformation and the concurrent 

protein expression could refine this technique. Ideally, fluorescence endoscopy would use 

a set of peptides that binds exclusively to premalignant lesions in their early stage of malig-

nant transformation. This would then be the ultimate red-flag technique in which resolution 

becomes less important because of the clear colour difference between premalignant and 

normal tissue.
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Alongside imaging techniques, detection of lesions is dependent on factors such as the 

experience of the endoscopist, bowel preparation and withdrawal time. In recent years the 

experience of the endoscopist in particular has gained attention. Similar to other invasive 

investigations in medicine, colonoscopy involves a learning curve and accurate performance 

requires achieving a certain level of endoscopic skill. For example, the adenoma detection 

rate of endoscopists is an independent predictor of the risk of interval cancer after screening 

colonoscopies. Therefore, the adenoma detection rate is considered a quality parameter of 

colonoscopies and benchmarking adenoma detection rates of individual colonoscopists is 

considered a priority in the improvement process for colonoscopy. With the broad imple-

mentation of such quality measurements in the coming years, we expect that colorectal 

lesions will be less frequently missed, simply because of the raised awareness amongst 

trained endoscopists. It would be interesting for future studies to assess what the miss-rate 

of colorectal lesions will be once such measures are implemented.

DifferenTiATion

As mentioned earlier, the eventual goal of differentiation is to obtain a real-time diagnosis, 

equivalent to histopathology. To date, no imaging technique has shown diagnostic accura-

cies that are sufficient to consider omitting histopathology. These disappointing results can 

be caused by insufficient experience of the endoscopist with the advanced technique or 

simply by limitations of the technique itself. In this thesis we showed that the accuracy of 

narrow-band imaging (NBI) was moderate amongst endoscopists working in non-academic 

hospitals. However, high diagnostic accuracies have been demonstrated in other studies 

performed amongst endoscopists with more experience, indicating that its diagnostic ac-

curacy might largely depend on the experience of the endoscopist. Future research on NBI 

and similar techniques should therefore evaluate to which extent diagnostic accuracy can 

be increased, particularly amongst endoscopists in general practice, where the majority of 

colonoscopies is performed.

Instead of relying on the interpretation of the depicted images by the endoscopist, one 

would prefer to exclude this human factor. Rather, differentiation would be performed in an 

automated manner, using techniques such as laser induced fluorescence or pattern recogniz-

ing algorithms. To date such techniques are inferior compared with trained endoscopists, but 

further refinement will hopefully increase their accuracy. In the case of pattern recognition, 

the currently used algorithms are based on one feature of each lesion but expansion to a 

more complex algorithm including more features such as shape, alignment and vascularisa-

tion might improve its results. Similarly, laser induced fluorescence could potentially gain 

accuracy through the use of different illumination wavelengths or by changing its interpreta-

tion algorithm.
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The notion that each colorectal lesion should be differentiated, is based on the assumption 

that some lesions are premalignant and therefore need to be removed, whilst other innocent 

lesions can remain in situ. Specifically, hyperplastic polyps in the colon are thought to rep-

resent benign entities with little likelihood of progression to malignancy. However, recent 

research suggests that hyperplastic polyps are part of a family of serrated polyps, having a 

spectrum of histologic diversity and concurrent malignant progression. Particularly in the 

proximal part of the colon, there is evidence that these lesions can ultimately demonstrate 

invasive growth. Their malignant potential and concurrent progression to invasive carcinoma 

is not yet fully understood but many researchers advocate removing these lesions in the 

proximal colon also. If indeed each proximally situated lesion were to be removed in the 

future, differentiation of small lesions in the proximal part of the colon would become super-

fluous. Similarly, future colorectal screening and surveillance guidelines could then diagnose 

all proximal small lesions (<10mm) in a single category of lesions, rather than making specific 

recommendations for the different subcategories.

The assumption that small lesions colorectal lesions can safely be removed without his-

topathological assessment is based on the knowledge that the risk of lesions smaller than 

10mm harbouring cancer is very small. In the future, this strategy will become easier to 

implement with the diminishing need for differentiation of small proximal lesions as men-

tioned earlier. Instead, the role of differentiation will shift towards small lesions in the distal 

colon as well as towards large lesions (≥10mm) throughout the colon, which potentially 

contain invasive carcinoma. In the latter group, advanced imaging techniques can assist the 

endoscopist in their decision-making on such lesions (i.e. endoscopic removal or referral for 

surgery) through establishing the presence or absence of an invasive carcinoma. In particular, 

(I) Learning curve 
There is no golden standard on the assessment of an imaging technique’s learning curve. Different designs can be used.

(II) Diagnostic accuracy post-hoc
This can initially be performed amongst expert-endoscopist. If the technique is to be used in a wide setting, similar 

studies should be performed amongst less trained endoscopists to validate the initial results.

(IV) Feasibility 
This includes time to obtain sufficient quality images, time needed to interpret images. Also, the cost-effectiveness is 

assessed, including purchase of the device, cost-reduction through omission of histopathology, et cetera.

(III) Diagnostic accuracy real-time
Each post-hoc accuracy study should be followed by real-time assessment to evaluate the clinical value.

Figure 1: Sequence of assessments to evaluate whether a differentiation modality is ready for implementation in clinical practice.
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imaging techniques that mimick histopathology such as confocal laser endomicroscopy, 

should be assessed for their potential role in this decision-making.

In conclusion, colonoscopic differentiation can be expected to take over part of the role 

of histopathology, particularly in small lesions. For the time being it remains unclear which 

endoscopic technique will be most suitable for this job. Whatever the outcome, scientific 

assessment of each differentiation technique should take place in a particular sequence. 

Key options include the use of post-hoc versus real-time evaluation of endoscopic images 

and the use of expert versus non-expert endoscopists. In figure 1 we propose a sequence 

of assessments to evaluate whether a differentiation modality is ready for implementation.


