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Endoscopic filter fluorometer for emission
detection of Protoporphyrin IX and its direct
precursors in PDT and PDD
Abstract: Photodynamic therapy (PDT) is a potential option

for treatment of cancer since it can be performed non- invasive
for superficial cancers or minimal-invasive with low
traumatization. But PDT is intrinsically inefficient due to the
complex accumulation of the photosensitizing drug inside the
tumor and the processes of heme syntheses to create the
needed cell killing components. To optimize the outcome of
PDT and increase acceptance as viable option it is necessary
to predict the optimal time for the start of the treatment based
on measurable precursors. A former cell study proposed a new
filter fluorometer in a complex and sensitive setup. In this
work we now designed and tested a simplified system that can
be used in combination with standard endoscopic imaging
systems. This system will be used as base to prove viability of
this approach for a future clinical study.
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1 Introduction
In 2016, the German Cancer Registry (ZfKD) estimates that
around 492,000 cancers were diagnosed in Germany [1]. For
the variety of cancer types several treatment options are
available. Surgical tumor resection is still the most important
first treatment strategy. One of the treatment alternatives,
when surgery is not applicable, is Photodynamic Therapy
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(PDT). PDT is approved for treatment of skin, lung or
oesophageal cancer but is also tested in bladder cancer [2].
PDT has an increased relapse rate however due to the complex
metabolism in the cells. PDT starts with the admission of a
photosensitizing drug, such as 5-aminolevulinic acid (5-ALA)
or hexaminolevulinate hydrochloride (HAL, a derivative of 5ALA) that accumulates over time in the tumor tissue and
metabolizes to protoporphyrin IX (PP-IX). When the tissue is
exposed to light, an active form of oxygen (radical) that
destroys nearby cancer cells is produced [3]. For a high
efficacy of the treatment the ratio of PP-XI, light and oxygen
has to be optimal at the time of light exposure. The presence
of PP-IX can be evaluated by fluorescence imaging. PP-IX
emits a strong red fluorescence at a peak of 630-635 nm when
excited by a 405 nm blue light.
The metabolic process creates two more porphyrins as
precursors, Coproporphyrin III (CP-III) and Uroporphyrin III
(UP-III). Both substances have a fluorescence peak at approx.
10 nm below the peak of PP-IX. Since these precursors appear
timingwise before the highest presence of PP-IX they can be
used as predictor for the optimal time slot for the cell killing
light exposure. This could lead to a higher efficacy of PDT.
In prior work on cell models we could show that these
precursors are detectable using special optical filters during
fluorescence imaging using a custom-build, but rather
complex and sensitive filter fluorometer [4, 5]. For use in a
future clinical setup a less complex and less sensitive system
has to be build that integrates the technology into available
standard medical equipment used within the clinical
workflow.
Some endoscopic systems already allow fluorescence imaging
for photodynamic diagnostics (PDD). PDD uses similar drugs
(Hexvix, Ipsen Pharma, France) and heme metabolism like
PDT to create fluorescence of tumor cells. Thus, a fast
detection of cancerous areas and treatment control in
endoscopic imaging can be supported. PDD is a standard
procedure in urology to diagnose bladder cancer [6]. We want
to use this standard procedure to prove our hypothesis of the
detectability of the precursors CP-III and UP-III by filtered
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fluorescence imaging. In this work we describe a new filter
setup that can be integrated into endoscopic imaging systems
considering the requirements for a clinical applicable device.

2 Materials
2.1 Observation and requirements
analysis
For design of a system that meets the need of the clinical
application, a user integrated approach based on [7] was
performed. Today PDD is used in urology to detect forms of
bladder cancer [6]. To develop an efficient concept, we
observed urologists using a PDD system (SCB Image 1, Karl
Storz, Germany) for transurethral bladder resection (TURB).
For PDD at the bladder, Hexvix (Ipsen Pharma, France) is
applied inside the bladder one hour before the diagnostic
procedure [8]. This time is needed for accumulation in the
tissue and the metabolic process to produce PP-IX. A
resectoscope including endoscopic imaging is inserted into the
bladder. First normal white light inspection is performed. In a
second step the system is switched into PDD mode using
405nm blue light. In our observation fluorescence was rare
even though a clear finding was made in normal imaging. To
prove our hypothesis, we have to consider this uncertainty.
Based on the observation and discussion with experienced
users the following basic conditions for the design were
defined:
 Regular diagnostic should not be influenced
 Placement of a filter system between endoscope and
camera as preferred place
 Placement under sterile cover is a limiting factor for the
size of the new system
 Use of standard endoscopic connectors
 Stable one hand use should be possible under sterile cover

After application of Hexvix the endoscope is directly placed
inside the bladder and images are acquired every 5 minutes
with both filters and standard view for one hour total allowing
the observation of accumulation and metabolism over time.

2.3 Prototype
Based on the criteria already described above, a prototype
filter box was designed. This box includes a slider that
contains 3 sections. 2 sections are intended for the filter
glasses. The middle section provides an open channel to allow
standard imaging. The filter box was equipped with standard
eyepiece connectors for endoscopes according to [9] to
connect endoscope on one side and camera on the other. We
created the filter prototype in Solidworks® and built it using a
3D printer (Prusa® FDM Printer, Czech Republic). Two
optical bandpass filters are mounted into the slider, FB620-10
and FB630-10 (Thorlabs, Germany). The filter box prototype
can be seen in Figure 1.

Figure 1: Design and realization of the filter box

The filter box is made of biocompatible PET with dimensions
of 55x94x13mm. PET is resistant to ethanol and acetone
allowing disinfection. To separate the camera and filter box
from the sterile endoscope, the use of a standard sterile cover
including eyepiece connectors (Quick Change Camera Drape,
P3 Medical Ltd, UK) is mandatory. The complete prototype
setup including endoscopic imaging is shown in Figure 2.

2.2 General concept
To allow standard diagnostics and the parallel acquisition of
filtered images we propose the following workflow:
A new designed filter system will be placed between the sterile
endoscope and the non-sterile camera under the separating
sterile cover. The filter system allows an easy change from
filtered view to standard view without disassembly. Two
filters have to be integrated, a 630nm filter for PP-IX
separation and a 620nm for CP-III and UP-III detection.

Figure 2: Prototype setup including a) endoscope, b) sterile
cover, c) light connector, d) filter box, e) camera
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2.4 Testing
In order to use the filter box later successfully in a clinical
study, we tested basic functionality on PP-IX and CP-III
samples under laboratory conditions. Therefore, the imaging
and filter setup were placed inside a lockable, dark box. A laser
(PPM110 (405–125), Power Technology, USA) provided a
405nm light beam for excitation. A standard endoscopy
system (EVIS EXERA III, Olympus, Germany) was used for
image acquisition. Samples of liquid PP-IX and CP-III [5]
were placed aligned to the laser beam. The test setup is shown
in Figure 3.

Figure 3: The test setup: a) camera, b) filter box, c) laser, d)
test sample

First, the samples were irradiated with the laser and imaged
without additional filters. Thus, the laser beam position was
aligned. The emitted light is visible as fluorescence as shown
in Figure 4.

3. Results and discussion
A new filter box to distinguish different fluorescence
wavelength of porphyrins was developed. It can be used with
standard endoscopic imaging equipment. It fulfills the basic
requirements defined before. The connectors between camera,
filter, sterile cover and endoscope are stable and the
connection is reliable. The assembly of the filter box in
combination with the sterile cover causes no additional effort.
The use of the slider of the filter box under the cover is
possible even with one hand.
The imaging tests with the filter box demonstrated the
expected functionality. According to the literature the
fluorescence of PP-IX and CP-III differ in wavelengths. PPIX emits a fluorescence peak at 630nm and the CP-III at
approximately 620nm. We imaged both samples using both
filters. It was expected that PP-IX shows higher fluorescence
in combination with 630nm filter and lower with 620nm filter
and vice versa for CP-III. This was proven with our
experiments as shown in Figure 5 and 6 and summarized in
Table 1.
Table 1: Comparison of fluorescence of PP-IX and CP-III
using 620nm and 630nm bandpass filters
Filter

PP-IX intensity

CP-III intensity

620nm

80

125

630nm

100

90

Figure 4: Detailed view of the test samples with and without
fluorescence

After the alignment procedure, the PP-IX sample was imaged
with the 620nm bandpass filter first and with the 630nm
bandpass filter afterwards. The same procedure was repeated
for the CP-III sample. All acquired images were analysed
using IMAGEJ. A simple line profile plot was used to
visualize any differences in fluorescence intensity. All
fluorescence images were obtained under identical conditions.
Additionally to the functional testing’s, we evaluated general
usability and safety of the system.

Figure 5: PP-IX measurement with filter 620nm (left) and
630nm (right)
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Figure 6: CP-III measurement with filter 620nm (left) and
630nm (right)

4. Conclusion
A new filter system for endoscopic systems to differentiate PPIX and CP-III fluorescence was built and tested. We could
confirm the general functionality on first test samples. The
design based on clinical observation lead to a system that can
be used in a clinical application. In a next step we will test the
system in combination with a standard PDD system and - after
ethical approval - in a clinical study on bladder cancer. These
tests will help to prove our hypothesis that it is possible to
measure and predict the optimal time slot for the cell killing
light application in PDT.
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