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Abstract

The early diagnosis of gastrointestinal pathologies is of great importance in clinical practice. Currently, en-
doscopic diagnosis is carried out using visual and invasive biopsy techniques. These methods have limitations in
detecting early functional and metabolic changes. Particularly in Helicobacter pylori-associated gastritis, meta-
bolic abnormalities develop before morphological changes. As a result, false-negative results can occur during the
diagnosis of H. pylori infection.

This study proposes a novel endoscopic detection procedure using an ammonia (NHs) sensor into endoscopic
systems for the early and non-invasive detection of H. pylori infection. A scientific justification of the sensor
selection is presented based on the clinical literature. A design of the distal tip of the endoscope, which facilitates
real-time measurement of the concentration of ammonia, is also presented. It is ensured that the integration of the
sensor does not affect the optical and mechanical functionality of the endoscope. The measured ammonia levels
were normalized and classified into clinical risk categories, and the raw sensor data was converted into a digital
diagnostic indicator. The proposed framework of methodology increases the level of objectivity of diagnostics,
minimizes unnecessary random biopsies, and offers a scientific basis for the development of artificial intelligence-

based multimodal endoscopic diagnostic systems.

Keywords: Ammonia sensor, video endoscopy, H. pylori infection.

Introduction

The early detection of gastrointestinal pathologies
is a problem of vital importance in clinical practice, and
one of the most common methods used for their detec-
tion is endoscopy. However, the traditional methods of
endoscopy are based on the evaluation of the morpho-
logical characteristics of the mucosa using white light
endoscopy (WLE). Besides these methods, advanced
methods like Narrow Band Imaging (NBI) and Flexible
Spectral Imaging Color Enhancement (FICE) are used
for the precise evaluation of vascular structures [1, p.
S16-20].

Although research has proven that the combined
application of these imaging techniques can enhance
the diagnostic accuracy of early-stage gastric cancer,
the methods currently employed are based on subjec-
tive visual interpretation and often need verification
through random or selective biopsy samples [2].

Early-stage pathological changes are not clearly
visible and may lead to false negative results. The path-
ogenesis of gastrointestinal pathologies at an early
stage, particularly in the context of Helicobacter pylori-
associated gastritis, is closely related to complex meta-
bolic and biochemical changes occurring in the mu-
cosa. As studies have shown, H. pylori infection alters
the composition and metabolic activity of the gastric
microbiota, leading to the formation of specific meta-
bolic profiles that maintain chronic inflammation. Alt-
hough thermal and metabolic imbalances are observed
at the tissue level at this stage, structural and morpho-
logical changes generally do not reach a clinically sig-
nificant level [3].

At this stage, one of the major limitations associ-
ated with endoscopic diagnosis is related to the fact that

functional and metabolic changes develop prior to
structural changes. Current imaging technology used in
endoscopic procedures cannot directly detect increased
levels of metabolic activity, biochemical changes, and
imbalances in functions. As indicated in the literature,
despite increased levels of metabolic activity at the tis-
sue level in early stages of inflammatory and precan-
cerous conditions, these conditions are not clearly visi-
ble in images at the macroscopic level and depend on
subjective interpretation by the operator [4].

To summarize, pathological processes such as
high-grade inflammation, dysplasia, and early neo-
plastic transformation are characterized by functional
and metabolic abnormalities. However, there are cer-
tain limitations of the present endoscopic systems in the
detection of functional abnormalities in real time.
Hence, the process of diagnosis involves biopsy proce-
dures, which increase the cost of the procedure, time
taken for the procedure, and discomfort for the patients.

The purpose of the study

In modern endoscopic devices, the basis of the di-
agnostic process is the interpretation of images cap-
tured by the CCD and CMOS-based visual sensor.
While the approach is successful in the detection of
changes in the structure and morphology of the mucosa,
the approach is lacking in the assessment of functional
and metabolic disorders that occur in the early stages of
inflammatory and infectious diseases. Specifically, in
the early stages of gastritis associated with Helicobac-
ter pylori infection, an increase in metabolic activity oc-
curs before structural changes, there is an increase in
metabolic activity before the development of morpho-
logical changes, and the diagnostic process based only
on visual sensor data can lead to false negative results.
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This situation highlights the need for additional sensor
technologies that complement visual sensors in endo-
scopic platforms and can evaluate functional bi-
omarkers in real time.

The goal of the present research is to design and
scientifically verify a conceptual diagnostic method
based on an ammonia (N H;) sensor integrated into en-
doscopic devices for early detection of Helicobacter
pylori infection. The study presents the selection of an
ammonia sensor, a constructive design solution for its
integration into the distal end of the endoscope, and a
normalization model for NH; concentration based on

normative ranges of clinical values. The suggested
method is intended to create a methodological and tech-
nological basis for the use of functional biomarkers in
endoscopic devices.

Modern Endoscopic Diagnostic Systems

Standard white light video endoscopy (WLE) is
the most commonly used method in clinical practice.
This method enables real-time imaging of the gastroin-
testinal mucosa using matrix sensors. Figure 1 shows
the CCD (Charge-Coupled Device) elements of a typi-
cal video endoscope used in clinical practice.

Ulcers, bleeding, and neoplastic lesions are very
effective in the detection of macroscopic pathology.
However, the diagnostic potential of WLE is basically
restricted to the visual assessment of surface morphol-
ogy and lacks sufficient sensitivity to identify early in-
flammatory, structural, and functional alterations. In
particular, in the early phase of Helicobacter pylori in-
fection and in the initial phase of low-grade dysplasia,
the mucosal alterations are not visually specific, which
may cause difficulties in the diagnosis and result in a
potential false-negative result [5]. This limitation di-
rectly impacts to the problem of false negative results
and leads to a greater reliance on random or protocol
biopsy sampling, which is known to be prone to sam-
pling error. Because biopsies are usually taken from
visually suspicious regions, functionally active but vis-
ually normal regions may be overlooked. Clinical data
suggest that a substantial number of precancerous gas-
tric lesions and early inflammatory changes are over-
looked during routine WLE evaluations, especially in
patients with mild or patchy mucosal disease [6, p. 141-

Figure 1. Matrix sensors of video endoscope.

150]. Thus, WLE alone is not adequate for the early de-
tection and risk stratification of gastric pathologies.

Narrow Band Imaging (NBI), Flexible Spectral
Imaging Color Enhancement (FICE), and i-Scan spec-
tral endoscopy use specific wavelengths of light to en-
hance the visualization of tissue and vascular struc-
tures. These techniques enable more accurate visualiza-
tion of mucosal microarchitecture by taking into
account the optical absorption of hemoglobin. Alt-
hough spectral endoscopy is effective for the detection
of dysplasia and neoplastic lesions, it does not offer any
direct functional and biochemical information and is
also operator-dependent [7].

Matrix Sensors (CCD/CMOS)

The technological basis of modern endoscopic im-
aging systems is semiconductor image sensors of the
CCD (Charge-Coupled Device) and CMOS (Comple-
mentary Metal-Oxide-Semiconductor) type [8]. Figure
2 illustrates a macroscopic view of the active working
surface and internal structural layer of a CCD image

Sensor.

Figure 2. Appearance of the active semiconductor layer of the CCD image sensor
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CCD (Charge-Coupled Device) and CMOS
(Complementary Metal Oxide Semiconductor) sensors
are used in endoscopic systems for the optical imaging
of the structural and morphological characteristics of
the mucosa in endoscopic systems. Although CCD sen-
sors are characterized by a high signal-to-noise ratio
high homogeneity of the images, their high power con-
sumption is a disadvantage, and the sequential nature of
the readout process can be a limitation for real-time
processing. On the other hand, the advantages of the use
of CMOS technology, including faster data transfer,
low power consumption and compact system design
because they have integrated readout electronics at
each pixel level. For this reason, the vast majority of
modern video endoscopes use CMOS-based image sen-
sors [8].

However, the fundamental limitation of both sen-
sor technologies is that they operate on the basis of op-
tical information only. Both sensors are incapable of
detecting biochemical and metabolic changes within
the tissue, and the early stages of inflammatory pro-
cesses and disorders of function, related to Helicobacter
pylori, often lack visual specificity.

Therefore, though CCD and CMOS-based imag-
ing systems have proven to be effective for detecting
structural changes, there is a limitation with regard to
obtaining functional and metabolic information. This
creates a scientific and technological rationale for the
integration of other functional sensors, particularly
those with the capability of detecting real-time meta-
bolic biomarkers like ammonia.

Thus, the use of ammonia sensors in endoscopic
devices appears to hold promise for the early non-inva-
sive detection of Helicobacter pylori infection. The in-
crease in the local concentration of ammonia in the gas-
tric lumen, which is caused by the high urease activity
of the bacteria, can act as an indicator of the presence
of Helicobacter pylori [9]. Detecting metabolic changes
in the early stages may enable earlier diagnosis of in-
fection, allowing diagnostic decisions to be made at an
earlier stage.

In addition, determination of the levels of ammo-
nia not only indicates the presence or absence of path-
ogens, but it also offers supplementary information re-
garding the functional condition of the tissue and met-
abolic responses to pathological processes. Obtaining
this functional information in real time can enhance the
informative value of endoscopic examination and par-
tially eliminate the subjectivity of visual assessment.
Early detection of functional conditions reduces the
need for random tissue sampling, minimizes the overall
procedure time, and reduces patient stress from an in-
vasive procedure. All the above-mentioned advantages
allow us to evaluate the use of ammonia sensors in en-
doscopic diagnostic systems as a viable and scientifi-
cally justified approach. Therefore, inclusion of ammo-
nia sensors into endoscopic systems is a promising ap-
proach for early, accurate, and functional diagnosis and
solves one of the main problem areas of the research.

Methods

Various clinical studies have shown that ammonia
concentrations in gastric juice are high and that this is

harmful in cases of H. pylori infection. It has been
found that the concentration of ammonia in patients in-
fected with H. pylori is significantly higher than that in
patients who are not infected (5.58 + 2.69 vs. 2.00 +
1.49 pmol/L). These indicators have been statistically
correlated with H. pylori density, gastritis activity, and
gastric pH, demonstrating the effectiveness of the am-
monia measurement device [10, p. 205].

Similarly, other studies have also shown that am-
monia concentration in gastric juice is significantly in-
creased in H. pylori-positive patients and that this indi-
cator can be used as a diagnostic biomarker for infec-
tion. This confirms the pathophysiological importance
of ammonia production.

The selection of the ammonia sensor in endo-
scopic studies was based on scientific criteria grounded
in clinical pathophysiology and technical measurement
requirements. As shown in the literature, during Heli-
cobacter pylori infection, local ammonia production
occurs in the gastric mucosa as a result of the bacte-
rium's high urease activity, and this condition is ob-
served with significantly higher NHs concentrations
compared to uninfected cases. Clinical and experi-
mental studies have shown that ammonia levels in the
gastric environment increase during infection and can
vary between approximately 10-100 ppm; this makes
ammonia concentration an important functional and bi-
ochemical diagnostic marker [10, p. 205].

For this reason, an electrochemical ammonia sen-
sor that is able to measure ammonia concentration at
low levels was chosen for the study. The capability of
the ammonia sensor to detect ammonia increases at the
1 ppm level enables the early detection of the increase
in ammonia levels due to bacterial metabolism.

Sensor design

This section will present the proposed design of
the distal tip for the sensor application in the integration
of the sensor with the endoscopic system, together with
the scientific basis of the sensor application. The major
objective of the proposed sensor integration with the
endoscope system is to develop an endoscope system
that can perform real-time, minimally invasive, and
non-invasive measurements of the local concentration
of the ammonia present in the gastric mucosa, while the
imaging capabilities of the endoscope system will not
be compromised. Figure 3 shows the proposed design
of the distal tip for the integration of the sensor with the
endoscope system.

The main aim of the suggested integration of sen-
sors is based on the development of an endoscopic di-
agnostic system that facilitates the real-time, minimally
invasive, and non-invasive measurement of the local
concentration of ammonia (N H;) in the gastric mucosa.
The acceptance of NHs as a metabolic biomarker of H.
pylori infection is the scientific basis for the suggested
sensor-based system [11, p. 51-57].

Hence, the increase in the level of ammonia in the
gastric environment is detected due to the high urease
activity of H. pylori, thereby providing important diag-
nostic information for the early detection of H. pylori
infection.
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Figure 3. Conceptual diagram of a modified video endoscope distal tip for multi-mode sensor integration.

In the proposed design, the integration of the NH,
sensor into the distal end of the endoscope, with mini-
mal structural changes made to the structure of the bi-
opsy channel light fibers and air/water channel, does
not have any adverse effect on the optical, mechanical,
and clinical functionality of the device. This ensures
that the sensor can be used in real-time in a clinical en-
vironment and provides a methodological framework
that can be used to evaluate quantitatively the results
obtained from the sensor. Therefore, for the NH; con-
centration to be clinically meaningful, it is considered
necessary to normalize the sensor outputs according to
physiological ranges. According to clinical and experi-
mental studies, ammonia concentrations in a healthy
stomach environment are generally <10 ppm and range
from 20-100 ppm during Helicobacter pylori infection
[9]. Therefore, signals obtained from the NHs sensor
were converted to ppm units and processed according
to the normalization model presented below.
NH3—Cpin

(NH3)norm = c

max—Cmin

1)

Where,

NH; - measured ammonia concentration,

Crnax and Cpipy - are the minimum and maximum
physiological values based on medical literature.

Two different physiological concentration ranges
were taken into account for normalising NHs concen-
tration measurements. In the first scenario, a range of
10 to 100 ppm was chosen to represent a wide range of
clinical concentration levels. In the second scenario, a
range of 5 to 90 ppm was chosen to demonstrate the
impact of low concentration changes.

In this study, it was accepted that the minimum
and maximum physiological limits to be used in nor-
malising the results of measurement from ammonia
(NHs) sensor would be 10 ppm and 100 ppm, respec-
tively. These values were based on the results of clini-
cal and experimental studies concerning basal levels of
ammonia in a healthy stomach environment and high
metabolic activity due to Helicobacter pylori infection
[10, p. 205].

Table 1
Normalized NH; concentration and corresponding risk category based on reference range of 10 to 100
ppm.
NH; ppm NH; norm Risk Category
15 0.05 Low
20 0.11 Low
30 0.22 Suspicious
40 0.33 Suspicious
45 0.38 Suspicious
50 0.44 Suspicious
65 0.61 High
70 0.66 High
90 0.88 High

In an alternate normalisation scenario, this study
set the minimum and maximum limits for ammonia
concentration at 5 ppm and 90 ppm, respectively. This
is with the aim of increasing sensitivity to small

changes in ammonia levels and improving the assess-
ment of early functional and metabolic changes in the
gastric environment.
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Table 2

Normalized NHs concentration and corresponding risk category based on reference range of 5 to 90 ppm.

NH3 ppm NH3 norm Risk Category
15 0.12 Low
20 0.18 Low
30 0.3 Suspicious
40 0.4 Suspicious
45 0.47 Suspicious
50 0.53 High
65 0.7 High
70 0.76 High
90 1 High

Figure 4 shows a comparison chart for the normal-
ised indices calculated using two different physiologi-
cal normalisation ranges (Cpin =10 Cpax = 100

1,2
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0,6
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0,2

0
1 2 3 4

Cmin 10, Cmax 10

Cin = 5 Ciax = 90) for the measurement of the am-
monia (NHs).

5 6 7 8 9

Cmin5, Cmax 90

Figure 4. Comparative analysis of NHs measurements normalised at different minimum and maximum limits.

The ammonia concentration measured was nor-
malized by a standard min-max scaling method to fall
within the physiological range of [0,1] units, which is a
common practice in biomedical signal processing and
machine learning-based analysis.

Normalized NH indicators are divided into clini-
cal categories as follows:

e When the normalized ammonia level
(NH3)norm < 0.2, the probability of Helicobacter py-
lori infection is considered low.

e For, 0.2 < (NH3)norm < 0.5, the result is
classified as suspicious, and additional confirmatory di-
agnostic procedures are recommended.

e  When (NH;)norm = 0.5, a high probability
of H. pylori infection is assumed.

The above method of normalization makes it easy
for the interpretation of raw values obtained from the
NH; sensor and allows for the development of a single
index that can be used for comparison in various pa-
tients and measurement conditions. In addition, the di-
vision of the normalized NH; index into clinical cate-
gories allows for additional information that can be
used in the physician's process of making decisions in
real time while carrying out an examination. The ad-
vantage of using this method is that it eliminates the
possibility of missing out on H. pylori infection, espe-
cially in cases that are difficult to detect and where bi-
opsy is not feasible.

Conclusion

The proposed methodological framework enables
N H; measurements to be used not only as a quantitative
indicator but also as a digital diagnostic indicator. The
normalized sensor data is combined with multimodal
endoscopic data such as standard white light images,
NBI images, thermal images, or pH sensor data in the
next step of the process, which can be used as suitable
input data for complex analysis. This approach pro-
vides functional information input to the system to
overcome the limitations of decision-making based
solely on visual information in endoscopic diagnosis.

In the next phase of research, it is planned that
these normalized N H; indicators will be integrated into
artificial intelligence-based analysis. Specifically, ma-
chine learning and deep learning models that consider
the temporal and spatial variation of sensor data will be
applied to automatically detect H. pylori infection, as-
sess the risk level, and recommend the most suitable ar-
eas for biopsy. This provides a scientific basis for de-
veloping smart diagnostic systems that can enhance the
objectivity of endoscopic diagnosis and reduce random
biopsies while allowing physician control.
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