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Own Experience in the Use of Artificial
Intelligence Technologies in the Diagnosis
of Esophageal Achalasia

Olga A. Storonova*, Nikolai I. Kanevskii, Alexander S. Trukhmanov, Vladimir T. Ivashkin

1.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Aim: to demonstrate an artificial intelligence model that optimises the differential diagnosis of achalasia.

Material and methods. The study included 75 patients: 52 % men (mean age 44.5 = 17.8 years) and 48 % women

(mean age 45.6 + 16.6 years,) with a preliminary diagnosis of achalasia.

Patients were divided into four groups: type |, Il, lll achalasia and a group of patients whose results did not correspond

to a diagnosis of achalasia according to HRM performed based on Chicago Classification version 4.0. On the basis

of a set of data from 750 swallows and therefore 6750 manometric parameters, the artificial intelligence models

DecisionTreeClassifier, RandomForestClassifier and CatBoostClassifier have been trained to provide a manomet-
ric diagnosis. The comparison criteria were the training time and the f1_score metric. The technical characteristics

of the model (hyperparameters) were selected using the GridSearchCV method. The model with the best results was

integrated into a web application.

Results. The RandomForestClassifier was chosen as the best performing model to compare. Its technical charac-
teristics were “decision trees” and branching depth the number of which was 14 and 5 respectively. With a maximum

possible value of 1.0, these hyperparameters achieved f1_score=0.91 in 27 seconds. The web application, devel-
oped on the basis of this model, is capable of analyzing manometric data and establishing one of three types of acha-
lasia in patients. Alternatively, it can exclude the diagnosis of achalasia. The output of an image corresponding to the

diagnosis is produced for each manometric type of the disease.

Conclusions. For the first time in Russia, a machine learning model based on high-resolution esophageal manome-
try data was developed at the V. Kh. Vasilenko Clinic of Internal Disease Propedeutics, Gastroenterology, and Hepa-
tology of Sechenov University. The model has been applied to the creation of a web application which has the ability
to substantiate the manometry diagnosis of patients. The Federal Service for Intellectual Property (Rospatent) issued

a certificate of state registration of the computer program No. 2024665795 dated July 5, 2024. This artificial intelli-
gence programme can be used in clinical practice as a medical decision support tool to optimize the process of dif-
ferential diagnosis of achalasia and early detection of the disease, to determine the patient's prognosis and to select
the method of further treatment.
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CoOCTBEHHbIV ONbIT NMPUMEHEeHNS TEXHONIOrnm UCKYCCTBEHHOIro MHTeneKrta

B AMArHOCTUKe axajia3nmn Kapamm

0O.A. CtopoHoBa*, H.N. KaneBckuin, A.C. TpyxmaHoB, B.T. MBalukuH
®raQy BO «[lepBbiii MOCKOBCKWIA rocyAapCTBEHHbIA MeauLmnHCckuii yuueepcuteT uM. .M. CedeHoBa» MuHucTepcTBa
3apaBooxpaHeHus Poccuiickori @enepaummn (CedeHoBckuii YuuBepcuteT), Mocksa, Poccuiickas denepaums

Lenb: oueHNTb 3HA4YEHNE, POJIb U ANArHOCTUYECKME BOSMOXHOCTU NCKYCCTBEHHOIO UHTESIEKTA NPWY ANArHOCTUKE
3aboneBaHuin NULLEBOAA, NPOAEMOHCTPMPOBATL MOAE/b MALLVHHOIO 06y4eHUs, 06ecrneymBaloLLy0 ONTUMU3aUUo
onddepeHumanbHON OUarHOCTMKM axana3nm Kapauu.

Martepuanbl n meTogpl. B vccnenosaHme 6binv BKIItoYEHbl 75 naumeHToB (52 % MyxXUuH 1 48 % XeHLUWH, cpea-
HUIN BO3PACT KOTOPbIX cocTaBmn 44,5+ 17,8 n 45,6 = 16,6 roga COOTBETCTBEHHO) C NpeaBapuTeNbHbIM AMarHo30M
axanasusa kapauu (AK). Mpu npoBegeHN MaHOMETPUKM NULLLEEBOAA BbICOKOrO paspelleHns Oblsiv OLeHEeHbl gaBne-
HUe MoKOs HUXHEro nuuiesoaHoro couHkrepa (HMC), cymmapHoe aasneHune paccnabnenusa HMC, nasneHve no-
KOS1 BEpPXHeEro nuwesogHoro cduHktepa (BIC), octaTtouHoe paBneHune BIC, naTeHTHbI nepuon, ANCTaNbHOIO
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CermMeHTa, MHTerpanbHas COKPaTMMOCTb ONCTANIbHOMO CErMeHTa, A/IMHA pa3pbiBa COKPaLLEHMs!, OOHOMOMEHTHOE
MOBbILLEHVE AABNEeHUS B NULLEBOAE, HaNMYne NepucTanbTMHecKnX COKpaLLeHnin, B COOTBETCTBUN C KOTOPbLIMK Na-
LMeHTbI ObIn pacnpeaeneHsl Ha 4 rpynnel: AK | Tuna, AK Il tmna, AK 1l Tuna 1 rpynna o6cnenoBaHHbIX C ANarH030M,
He COOTBETCTBYIOLLMM axanasum kapamm. Ha coBoKynNHOCTM AaHHbIX 750 rnoTKOB U, COOTBETCTBEHHO, 6750 MaHo-
MeTpUYeckmx napamMeTpoB Moaenu nckyccteeHHoro uHtennekrta DecisionTreeClassifier, RandomForestClassifier
n CatBoostClassifier oby4annce yctaHaBnnmBaTb MaHOMETPUYECKUIA ANarHo3 No OCHOBHLIM MaHOMETPUYECKMM MOo-
KasaTensm. Kputepmsammn cpaBHeHUs BbICTYNuAn Bpemsi obydeHns n metpuka f1_score. TexHnyeckue xapaktepu-
CTUKM Mogenu (runepnapameTpbl) nogdmpanmce metogom GridSearchCV. Mogenb ¢ HanayywmnMmn pesynbratamim
Oblna HTEerpupoBaHa B Be6-NpusioxeHue.

Pe3ynbTtaTthl. [1py cpaBHEHUM NO AyHLWNM nokasatensm 6biia BoibpaHa moaenbs RandomForestClassifier. Ee Tex-
HUYECKMMM XapakTepPUCTMKaMU CYXXUIU «peLuatoLLme aepesbsi» U rnyobrHa BETBAEHUS, YUCII0 KOTOPbIX COCTaBUIIO
14 n 5 cooTBETCTBEHHO. 3a 27 CeKyH[, faHHble rmneprnapamMeTpbl NO3BOAWMAM A0CTUrHyTh f1_score = 0,91 npu mak-
CMMaJIbHO BO3MOXHOM 3HadeHun 1,0. PazpaboTaHHOe Ha OCHOBE 3TOM MoAenun BebG-npuioXeHne npu aHanmse
[AaHHbIX MAaHOMETPUYECKOro NCCNefOoBaHNS yCTaHaBAMBAET Y NAUMEHTOB OAMH U3 Tpex TunoB AK nnm ucknodaet
OMarHo3 axanasum kapamm. Kaxabii MaHOMETpUYeckunii Tun 3aboneBaHns CONPOBOXAAETCS BbIBOOAOM M306paxe-
HUS1, COOTBETCTBYIOLLLErO NOCTABIEHHOMY AMArHO3Yy.

BbiBoAabl. Bnepsbie B Poccumn B KnnHrke nponeneBTnky BHYTPEHHUX 6one3Hel, raCTpoaHTEPONOrnn U renatoso-
rmn nm. B.X. BacuneHko Ce4yeHOBCKOro YHMBepcmUTeTa Ha OCHOBaAHUM AaHHbIX MAaHOMETPUN MULLLEBOAA BbICOKOIO
paspelueHns bbina paspaboTaHa Mogenb MAlLMHHOIO 00yYeHUsl, MPUMEHEHHas Oasi co3aaHns BeO-NpunoXeHns
1 cnocobHass 060CcHOBaTb MaHOMETPMYECKNI AMarHo3 nauyeHTa no BBeAeHHbIM nokasatensm. B denepanbHoii
cnyx6e No MHTennekTyanbHOM coO6CTBEHHOCTM (PocnaTeHT) nosyyYeHo CBUAETENLCTBO O FOCYAAPCTBEHHON pern-
cTpaumn nporpammbl ansg ABM Ne 2024665795 ot 05.07.2024 r. 3Ta nporpaMmMa UCKYCCTBEHHOIO UHTEeNNeKTa Mo-
XeT ObITb MPUMEHEHA B KIIMHMYECKOW NpakTUKe B KA4eCTBE MHCTPYMeHTa, 06ecneymBatoL,ero noaaepXky npuHaTUS
Bpa4yebHOro peLleHmns ¢ Lesbio onTMMm3auum npouecca guddepeHumanbHON ANarHoCTUKM axanasmm kapamm n 60o-
Jiee paHHero BbIsIBNEeHUs 3aboneBaHns, onpeaeneHns NporHo3a naumeHTa, a Takke Bblbopa MeTona ero gasnbHen-
LLEero feveHus.

KnioueBble cnoBa: MallMHHOE 00yYeHne, NCKYCCTBEHHbIN MHTENEKT, axanasusa kapanu, MaHOMeTpuUs NuLLeBoaa
BbICOKOr0 pa3peLueHust, GyHKLMOHanbHas anarHocTrka

KoH®NUKT nHTepecoB: aBTOpbl 3asBSIOT 06 OTCYTCTBMU KOHDSIMKTA MHTEPECOB.

Ana untupoBanua: CtopoHosa O.A., KaHeBckuii H.U., TpyxmaHoB A.C., MeawwkuH B.T. Co6CTBEHHbIN OMbIT MPUMEHEHNSI TEXHO-
NOruiAi UCKYCCTBEHHOIO MHTENNEKTA B ANArHOCTUKE axanasun kapamn. POCCUIACKMIA XXypHan racTposHTEPOsorMum, renaTosormu,
kononpokTonoruun. 2024;34(5):32-39. https://doi.org/10.22416/1382-4376-2024-34-5-32-39

The application of artificial intelligence (AI) tech-
nologies in therapeutic and gastroenterological prac-
tice is becoming increasingly relevant with the poten-
tial to significantly enhance the quality of healthcare.

The development of digital technologies has made
it possible to accumulate a large amount of medical
data in both graphic and text formats (results of
instrumental and laboratory tests, medical histories,
and the evaluation of the effectiveness of therapy in
different groups of patients). The sheer volume of
data now available requires the development of new
analytical techniques. Artificial intelligence will be
of significant benefit in this area. With the use of
modern technologies, the speed and quality of diag-
nostics can be increased, as well as the ability to pre-
dict the effect of prescribed therapy in each clinical
case. Furthermore, the risk factors associated with
disease can be identified, allowing for the preven-
tion of complications at an earlier stage.

Machine learning

Machine learning is a key component of artificial
intelligence (AI), a method of analyzing data based
on the principle of computers’ ability to learn and

adapt through the experience they receive [1]. In
this industry there is a strong focus on the use of au-
tomated procedures. In other words, the objective of
machine learning is to develop algorithms that can
learn autonomously, without the need for human in-
tervention. Machine learning can be considered a
form of “programming by example” [2]. There are
three main types of machine learning: supervised,
unsupervised and reinforcement learning [3].

In supervised learning the “teacher” provides the
program with raw data/tasks, called a “dataset”,
which contains the correct answers in advance. This
allows the program to develop its expertise. Upon
the arrival of a new task the program initiates an
independent search within the database for the most
appropriate response. Prior to conducting any train-
ing, it is essential to assemble a comprehensive train-
ing dataset. This dataset must be manually reviewed
and labelled to ensure accuracy and quality. This
should be conducted by a suitably qualified indi-
vidual or a team of personnel, in the role of the
‘teacher’ [4].

Supervised learning is most effective when
used in models designed to solve the classification
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problem, as it is well-suited to processing extensive
amounts of data and distributing it into various
categories [5]. Examples of this include the ability
to recognize objects in images, such as faces, mi-
cro-specimens and endoscopic examinations. In ad-
dition, the method is suitable for text classification,
allowing to highlight useful information, separating
reviews into positive and negative, and tabulating
values used to make diagnoses according to certain
criteria. Supervised learning is also a valuable tool
for making predictions based on available data. This
may include selecting the most appropriate treat-
ment plan for the patient and identifying potential
complications associated with the disease.

Machine learning in gastroenterology

The use of artificial intelligence is now a standard
feature in modern gastroenterology [6]. Machine
learning is used in the analysis of acquired images
during esophagogastroduodenoscopy and colonos-
copy to detect malignant neoplasms, inflammatory
processes or bleeding of the gastrointestinal tract [7]
and for screening of genetic markers that determine
the features of development, course and personalized
approach to treatment of non-alcoholic fatty liver
disease [8].

In addition, techniques that facilitate the di-
agnosis of functional disorders of the esophagus
are receiving increased attention. The most signif-
icant application of machine learning technology
to date has been in the interpretation of high-res-
olution manometry (HRM) and pH-Impedance
monitoring [9—16].

HRM is the recognised “gold standard” for the di-
agnosis of esophageal motility disorders, particularly
achalasia [17—24]. Achalasia is an idiopathic neuro-
muscular disease that manifests as functional impair-
ment of cardia patency due to a lack of coordination
between swallowing, reflex opening of the lower
esophageal sphincter (LES), and peristaltic and
tonic activity of the esophageal smooth muscle [25].
This disease is one of the rare esophageal motility
disorders, with a prevalence of 10 cases per 100,000
population and an incidence of 1 per 100,000 popu-
lation [25, 26]. Due to the low prevalence and lack
of awareness of the disease among physicians, the
correct diagnosis is often made too late. According
to the literature, on average, this occurs 5 years after
the manifestation of symptoms. Most often, these
patients are mistakenly treated for gastroesophageal
reflux disease. Therefore, patients presenting with
complaints of dysphagia should undergo a thorough
evaluation with HRM especially when diagnoses of
pseudoachalasia, esophageal strictures have been
excluded by barium sulphate radiological exam-
ination and esophagogastroduodenoscopy, but di-
agnosis of achalasia was not confirmed [24, 27].

The growing need to accelerate and improve the
quality of manometric study interpretation has
become a prerequisite for the development of an
artificial intelligence-based model to optimize the
differential diagnosis of achalasia.

Materials and methods

The study included 75 patients: 52 % men (mean
age — 44.5 £ 17.8 years) and 48 % women (mean
age — 45.6 = 16.6 years,) with a preliminary di-
agnosis of achalasia. In accordance with the study
protocol, HRM was performed on all patients us-
ing a 22-channel water perfusion catheter and “GI
Solar” manometric system (Netherlands) [18].

The following parameters were identified as
the foundation for the training database: resting
pressure of the lower esophageal sphincter (LES),
integrated relaxation pressure of LES, resting
pressure of the upper esophageal sphincter (UES),
residual pressure of UES, distal latency, distal
contractile integral, panesophageal pressurization,
presence of normal peristalsis. A total of 750 swal-
lows and a combined total of 6,750 manometric
parameters were analyzed by two independent ex-
perts (Fig. 1).

Based on the data obtained, patients were diag-
nosed with achalasia types I, II, and III (Fig. 2),
and the results that did not correspond to the
diagnosis of achalasia were placed in a separate
group. As a result of interpreting the research re-
sults, among men, type I achalasia was verified
in 25 % of cases, type II — in 25 %, type III —
in 14 %, and the group with an unconfirmed diag-
nosis consisted of 36 % of patients. Among wom-
en, the following distribution by diagnoses was
observed: type I achalasia — 15.4 %, type 1T —
15.4 %, type III — 25.6 %, not corresponding to
the diagnosis — 43.6 %.

All manometric study data was uploaded to
Google Colab (Colaboratory) and preprocessed
using the Python 3.10.12 programming language
in accordance with the Chicago Classification ver-
sion 4.0. The data were divided into a training
and a test sample in a ratio of 70 % to 30 %.
A training sample of 70 % was used to teach the
model. The parameters of manometric study were
used as teaching material, with the manometric
diagnosis itself becoming the desired variable.
Once the training phase of the model had been
completed, a test was carried out on the remaining
30 % of the data set, representing the test sam-
ple. This phase enabled us to assess the accuracy
and generalising capabilities of the model on new
data. A comparison was conducted between the
DecisionTreeClassifier, RandomForestClassifier,
and CatBoostClassifier models from the sklearn
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Figure 1. Research scheme: formation of a training database

Pucynox 1. Cxema uccienoBanus: hopMupoBanne o6yvaionieil 6a3bl JaHHBIX

Figure 2. High-resolution esophageal manometry in patients with achalasia. A — Type I achalasia: 1 — resting
pressure of the upper esophageal sphincter (UES), 2 — resting pressure of the lower esophageal sphincter (LES),
3 — absence of LES relaxation (integrated relaxation pressure (IRP) of LES is 28 mmHg), 4 — failed peristalsis;
no swallows with panesophageal pressurization. B — Type II achalasia: 1 — resting pressure of UES, 2 — resting
pressure of LES, 3 — absence of LES relaxation (IRP of LES is 48 mmHg), 4 — panesophageal pressurization;
failed peristalsis. B — Type III achalasia: 1 — resting pressure of UES, 2 — resting pressure of LES, 3 — absence
of LES relaxation (IRP of LES is 35 mmHg), 4 — at the level of 1—14 cm above the LES, premature contraction
is recorded with Distal Contractile Integral 5250 mmHg x s x c¢m; failed peristalsis

Pucynox 2. ManoMerpusi THIEBOa BbHICOKOTO Pa3pellieHus y MalHeHToB ¢ axagaswell kapamu. A — 1 tum axa-
Jasuu Kapauu: 1 — paBieHue mokosi BepxHero muiieBognoro chuuxrepa (BIIC), 2 — nasieHue IIOKOS HUDKHE-
ro mumesognoro cunrrepa (HIIC), 3 — orcyrcrBue paccaabaenus HIIC (cymmapHoe maBienme paccaabneHnst
HIIC — 28 MM pT. ¢T.), 4 — OTCYTCTBHE NEPUCTAIBTHKU; HET IJIOTKOB C OJHOMOMEHTHBIM IOBBIIICHUEM [IaBJICHUS
B numieBoge. b — Il tun axamasum kapaum: 1 — npasnenue mokos BIIC, 2 — manenme moxos HIIC, 3 — ot-
cyrcrBue paccaabaennss HIIC (cymmaproe pasnenue paccaabaenuss HIIC — 48 MM pr. ¢1.), 4 — OZHOMOMEHTHOE
TOBBITIIEHNE JABJIEHNS B MUIEBO/E; OTCyTCTBUE NepuctaabTuku. B — III tm axamasum kapauu: 1 — gaBjeHune mo-
kos BIIC, 2 — masaenue mokos HIIC, 3 — orcyrcreue paccrabaenus HIIC (cymmapHoe maBienne paccaaGneHns
HIIC — 35 MM pr. cT.), 4 — Ha ypoBue 1—14 cM Hag kpaem HIIC permcrpupyercst mpesk/eBpeMEeHHOe COKPaIeHne
C MHTErPAJbHONU COKPATHMOCTBIO AUCTAIBHOTO cerMeHnTa 5250 MM PT. CT. X € X CM; OTCYTCTBHE IEePUCTATbTUKH
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Table. Comparison of machine learning models by performance
Ta6auua. CpaBHeHue Mojiesieil MAITTHHOTO 00y4YeHust o 9P PeKTUBHOCTH PABOTHI

Model / Moaean F1_score Time, s / Bpewms, ¢
DecisionTreeClassifier 0.88 10
RandomForestClassifier 0.91 27
CatBoostClassifier 0.9 120

and catboost libraries, respectively. The selection
criteria for the model were based on the training
time required for the computer to learn the data
and adjust its parameters to achieve the desired
result. The f7_score metric was used to assess
the quality of the classification performed, taking
into account the accuracy and completeness of the
analysis on the test sample. The closer the value
of f1_score is to 1.0, the more balanced the model
is (Table).

The quality of the model is primarily deter-
mined by its technical parameters, which are
known as hyperparameters. In some cases, these
can include the number of “decision trees” and
their branching depth, as well as the number of
repetitions of training cycles with a percentage
of corrections to previously made decisions. The
GridSearchCV from the sklearn library was em-
ployed to select the optimal parameters to achieve
the highest quality level. The most successful
model was therefore selected and transferred to
Visual Studio Code, where it was developed into
a web application using the Flask.

Results

The RandomForestClassifier was chosen as the
best performing model to compare. Its technical
characteristics were “decision trees” and branch-
ing depth. Using the GridSearchCV method, the
optimal hyperparameters were identified as fol-
lows: number of trees — 14, branching depth
of each tree — 5, which achieved the metric
f1_score of 0.91. The web application, developed
using the Flask function, provides a user-friend-
ly interface for interacting with the trained
RandomForestClassifier model. When the web
page is opened, the boxes for entering the main
parameters of the manometric examination per-
formed on the patient are displayed. The entered
data are then automatically preprocessed and
transferred to the trained model, which forms a
presumptive manometric conclusion based on this
information. The conclusions that can be reached
are type I achalasia, type II achalasia, type III
achalasia and diagnosis that does not correspond
to esophageal achalasia. The output of an image

corresponding to the diagnosis is produced for
each manometric type of the disease.

Discussion

Our scientific work has led to the development
of a tool that enables faster and more accurate
medical decision-making when detecting achala-
sia in patients, as well as optimizing the process
of differential diagnosis of achalasia with other
esophageal diseases. This area of research has been
ongoing since 2018, when A. Frigo et al. [13] de-
veloped a medical decision support system that
uses data on normal peristalsis and esophageal mo-
tility disorders to achieve an accuracy of 86 %. In
2020, a model based on the DecisionTreeClassifier
algorithm was developed, achieving an accuracy
level of 78 % in the differentiation of type III
achalasia from types I and IT achalasia [16]. In
2021, a group of scientists from the United States
developed a deep learning-based model to detect
pressurization and swallow type, achieving an ac-
curacy of 0.87 and 0.64, respectively [12]. The
discovery attracted significant interest, leading to
the continuation of work in this area. A year later,
a team of the same authors created three neural
networks, which achieved an accuracy of 0.92 in
manometric diagnosis [10]. Another study devel-
oped a model that can perform real-time analy-
sis of esophageal peristalsis with 91.3 % accuracy.
However, this model was not capable of providing
a comprehensive manometric diagnosis [14]. In
2022, a research team from Romania developed an
algorithm that can distinguish between 10 differ-
ent diagnostic categories with 93 % accuracy [9].
A significant number of foreign works on this sub-
ject demonstrate the potential for further inves-
tigation in this area. A search of the eLIBRARY,
Pubmed, Scholar.google databases did not yield
any papers on similar studies carried out in Russia.

Our development is a semi-automated pro-
gram designed to provide support for medical
decision-making. The algorithm has achieved an
f1_score of 0.91, which not only demonstrates its
effectiveness but also outperforms the results of
its foreign counterparts. Following the successful
implementation of the medical decision-support
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system, further modifications are planned in
order to refine existing limitations. The small
sample size (75 patients, 750 swallows 6,750 pa-
rameters) will be increased to allow for greater
statistical reliability. Additionally, the system
will be expanded to accommodate four diagnoses
out of seven possible, as defined by the Chicago
classification version 4.0. Currently, 2,950 stud-
ies using HRM have been carried out in the lab-
oratory for the investigation of gastrointestinal
tract motility and pH-Impedance Monitoring
at the V.Kh. Vasilenko Clinic of Propaedeutic
of Internal Diseases, Gastroenterology, and
Hepatology of Sechenov University. This could
pave the way for a significant scaling up of the
study by a factor of 39.

Conclusion

For the first time in Russia, the V.Kh. Vasi-
lenko Clinic of Propaedeutic of Internal Diseases,
Gastroenterology, and Hepatology of Sechenov
University has conducted a study on the application
of machine learning algorithms in the diagnosis of
esophageal motility disorders. We have developed
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