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ABSTRACT

Background. The challenges of organizing tuberculosis detection in sparsely popu-
lated areas are primarily associated with poor transportation access and a shortage
of medical personnel. Under these conditions, the implementation of modern informa-
tion technologies in clinical and radiological screening for the disease becomes highly
relevant.

Aim. To optimize methods for the detection and diagnosis of pulmonary tuberculo-
sis using information technologies in the sparsely populated territory of the Republic
of Sakha (Yakutia).

Methods. A pilot study was conducted in seven medical organizations of the Republic
of Sakha (Yakutia) to test a two-component organizational model for clinical and ra-
diological tuberculosis screening utilizing information technologies: a central medical
image archive and telemedicine for remote diagnosis, as well as artificial intelligence
for double reading of fluorograms. Effectiveness was assessed by monthly monitoring
of population coverage with fluorographic examinations, measuring the time spent
on double reading of fluorograms, and assessing the time to tuberculosis diagnosis.
Results. The pilot implementation of the two-component organizational model
for clinical and radiological tuberculosis screening, employing information technolo-
gies and artificial intelligence in medical organizations, led to increased fluorographic
examination coverage of the general population and individuals at risk for tubercu-
losis. This implementation also reduced the time required for double reading of fluo-
rograms and shortened tuberculosis diagnostic timelines, both in the general medi-
cal network and at the specialized tuberculosis service level. Considering the specific
characteristics of tuberculosis detection organization across different socio-territorial
zones of the Far North, a model for clinical and radiological screening of pulmonary
tuberculosis was developed. This model comprises two organizational variants tailored
for use in the Arctic and industrial zones. The model consists of three stages (radiolog-
ical, clinical, and specialized) implemented at the level of the central district hospital
departments.

Conclusion. The proposed model for tuberculosis screening using information tech-
nologies is recommended for implementation in sparsely populated districts of the Far
North.

Keywords: pulmonary tuberculosis, mass screening, diagnosis, information technolo-
gy, telemedicine, artificial intelligence
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PE3IOME

O6ocHosaHue. C/I0XHOCMU Op2aHU3ayuUU 8blsigieHUs mybepKynesa 8 mMasaoHace-
JIeHHbIX MeppuUMOopUsX CB853AHbI 8 NepayIo o4epedb C HU3KUM YpO8HeM MpPaHcnopm-
Holi docmynHocmu u 0ehuyumom MedUYUHCKUX Kaopos. B amux ycriosusx aenaemcsa
aKmyanbHbiM 8HEOpeHUE COBpeMeHHbIX UHGBOPMAYUOHHbIX mexHosaoz2ul (UT) e npo-
yeccol KITUHUKO-peHM2eH0102U4eCK020 CKPpUHUH2d 3a60/1e8aHUS.

Llens uccnedosanus. Onmumusayus Memo0oos 8bias/eHus U OudeHOCMUKU mybep-
KyJ1e3a se2kux ¢ ucnoss3zosaHuem UIT 8 yciaosusax masioHdcesleHHOU meppumopuu
Pecny6nuku Caxa (Akymus).

MemoOdel. B 7 nunomHeix MeOUYUHCKUX opaaHu3ayusax Pecnybauku Caxa (Akymus)
npogedeHa anpobayus Op2aHu3ayuoHHoOU 08YXKOMNOHeHMHoU MoOenu K/IUHU-
KO-peHMeeHo102u4ecK020 CKpUHUH2a mybepKyne3a ¢ npumeHeHuem UT: yeHmpars-
HO20 apxuea MeOUUUHCKUX Uu306paxeHull u menemeduyuHsl 018 OUCMAHYUOHHOU
NnocmaHosKu 0udzHO3d, a MAkxe UCKYyCCM8eHH020 UHMesiiekma 0718 080LUH020 Yme-
HuA ¢oopozpamm. OyeHKa 3ghheKmusHOCMU NPOBOOUSIACb NyMeM exeMeCcI4H020
KOHMpPOJIA 0X8ama HacesieHUs (iopopapuyeckum oCMOmpoM, y4ema epemMeH-
HblX 3ampam Ha 08oliHoe YmeHue 1l00po2paMm U CPOKO8 YCMAHO8/1eHUs dudeHo3d
my6epkynesa.

Pesynemamel. Anpobayus 8 numomHbix MeOUUYUHCKUX opeaHusayusx OpzaHu3a-
YUOHHOU 08YXKOMNOHEHMHOU MOOesU KIUHUKO-PeHM2eHO0/I02U4ecko20 CKpUHUH2a
my6epkyne3a ¢ npumeHeHuem UT u UCKYCCMBEHHO20 UHMesIeKMa npugeso K no-
8bILIEHUIO 0X8AMA HACENIeHUA U JIUY, U3 2pynn pucka no mybepkynesy ¢oopozpa-
hudecKuUMU 0OCMOMpPAMu, a MAKXe K COKpawjeHuto 8peMeHHbIX 3ampam Ha 080liHoe
umeHue IIOPOPAMM U CPOKO8 OUAZHOCMUKU myb6epKysie3a Ha yposHe obujel
neyebHol cemu u npomusomybepkyne3Hol cyx6sl. C y4emom Haau4us ocobeH-
Hocmeli 8 Op2aHU3AYUU 8blAB/IEHUA MmybepKyse3d 8 pas/iuyHbIX COUUaIbHO-mep-
pumopuansHelx 30Hax peauoHa KpaliHezo Cesepa paspabomaHa mooesb KaUHU-
KO-peHMeeHos102Uu4ecKo20 CKpUHUH2a myb6epKysie3a Jezkux, cocmoAawas u3 08yx
0p2aHU3AUUOHHbIX 8apUAHMOB 0718 UCNO/Ib308AHUA 8 ycrosusx Apkmudeckol u l1po-
MblwsieHHoU 30H. Modesib cocmoum U3 mpex 3manos: peHM2eH0102U4eCcKo20, Ku-
HUYeCKoz0 U cneyuaiu3upo8aHHO20, OCyujecmesiseMeix Ha yposHe nodpaszoeneHuli
ueHmpaneHoU patioHHoU 60/1bHUUbI.

3aknroyeHnue. [pednoxeHHAs MoOesb CKPUHUH208020 06C/1e008aHUA HA mybep-
Kynes ¢ ucnose3osaHuem UT pekoMeHO08aHA 019 NpUMEHEHUs 8 MAIOHACe1eHHbIX
patioHax KpatiHezo Cesepa.

Knioueavie cnosa: mybepkysies jsieekux, CKpUHUHe, 8bisigrieHue, OUd2HOCMUKG, UH-
(hopMayUoHHbIe MexHOI02Ul, mesieMedUYUHd, UCKYCCMBeHHbIU UHmessiekm

Ana uyntnposanuma: MNpokonbes E.C., Akosnesa J1.M., 3opuHa C.IM., Hukndoposa H.A,,
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BACKGROUND

The organization of early tuberculosis detection
among the population is a crucial component of tuber-
culosis control efforts, as delayed or late diagnosis neg-
atively affects the epidemiological situation [1, 2]. This
is due to the fact that late detection of pulmonary tuber-
culosis results in prolonged massive bacterial shedding,
creating a significant epidemiological risk for the sur-
rounding population, while the morphological chang-
es that develop are often irreversible or only partially
reversible, leading to low treatment efficacy [3].

According to current regulatory documents, flu-
orography (FLG) is the screening method of choice
for mass radiographic examination aimed at early de-
tection of pulmonary tuberculosis among the adult
population in the Russian Federation. When pulmo-
nary tuberculosis is suspected following FLG screen-
ing at a primary healthcare facility (PHC), a diagnostic
workup is performed, including medical history col-
lection, physical examination, complete blood count,
three-fold microscopic examination of biological ma-
terial (sputum) for acid-fast bacilli (AFB), and chest
X-ray. The patient is then referred to a tuberculosis
facility, where additional diagnostic methods are
employed: two-fold sputum microscopy for AFB,
culture and molecular genetic testing for etiologi-
cal diagnosis and drug susceptibility testing (DST),
and immunodiagnostics.

The diagnosis of tuberculosis is confirmed by a med-
ical commission of the tuberculosis medical organiza-
tion (TB dispensary, hospital, center, or clinic), which
makes decisions regarding hospitalization, treatment,
and follow-up care. TB dispensaries (departments, of-
fices) submit medical documentation and radiological
findings to the commission for review. In complex diag-
nostic cases, an in-person consultation with the patient
is arranged.

As is well known, the key challenges of healthcare
delivery in the Arctic zone and the Far North, which are
sparsely populated territories, include limited trans-
port accessibility and a shortage of medical personnel
[4-6]. In this study, we analyzed the standard algorithm
for tuberculosis detection and diagnosis in the Republic
of Sakha (Yakutia) for 2017-2019 and identified the fol-
lowing issues that negatively impact the effectiveness
and timeliness of detection and diagnosis:

- Staffing shortages, including radiologists: 7
out of 13 (53.8 %) Arctic districts lack radiologists,
and in 5 out of 34 (14.7 %) districts, their numbers fall
below the required levels;

—The shortage of radiologists in the districts creates
difficulties in organizing mandatory double reading
of fluorograms during screening, resulting in missed
pulmonary pathologies;

- Poorly developed transport infrastructure, espe-
cially in Arctic districts with seasonal accessibility to re-
mote settlements, leads to prolonged delays in the de-
livery of diagnostic material for culture and molecular
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genetic testing, as well as patient medical documenta-
tion, to the main TB facility of the republic, extending
the time to diagnosis to one month or more.

Numerous studies have addressed the optimiza-
tion of pulmonary tuberculosis detection and diagno-
sis, including through the use of modern information
technologies (IT), in various regions of the Russian
Federation. However, no studies addressing this is-
sue in the context of sparsely populated territories
of the Far North were found in the available literature.
Most studies focus on the use of computer programs
for recording and monitoring tuberculosis foci [7, 8]
and intelligent systems for detecting pulmonary pa-
thology based on medical images [9-11]. The combined
use of IT, including telemedicine and artificial intelli-
gence, to improve tuberculosis detection and diagnosis
has not been investigated. Issues related to the iden-
tification of pathology during screening fluorographic
examination, from both clinical and organizational per-
spectives, remain insufficiently studied.

The above confirms the relevance of developing
measures for the implementation of modern infor-
mation and digital technologies to improve methods
for tuberculosis detection and diagnosis in the Far
North region with low population density.

AIM

To optimize methods for the detection and diagno-
sis of pulmonary tuberculosis using information tech-
nologies in the sparsely populated territory of the Re-
public of Sakha (Yakutia).

MATERIALS AND METHODS

This study employed a zoning scheme of the Re-
public of Sakha (Yakutia) divided into five socio-ter-
ritorial zones according to the method of M.A. Tyryl-
gina [12], modified in accordance with Presidential
Decree No. 296 of May 2, 2014 “On the Land Territories
of the Arctic Zone of the Russian Federation”:

I.  Yakutsk City, the capital of the Republic
of Sakha (Yakutia).

Il.  Arctic Zone, comprising 13 polar and subpolar
districts with extensive territory accounting for 45 %
of the republic’s area. The lowest population densi-
ty in the region is 0.04 persons/km?, which is 8 times
lower than the republic average (0.32 persons/km?).
The proportion of indigenous small-numbered peo-
ples of the North is 24 % of the population, significant-
ly higher than in other zones. The main economic ac-
tivities are reindeer herding, hunting, and fishing.

lll. Industrial Zone, comprising 5 districts
with developed mining industries (diamond, coal,
oil, gas). In this zone, the urban population accounts
for 92.6 %, and the non-indigenous population ac-
counts for 92.4 %.



IV. Rural (Agricultural) Zone, consisting of 11 dis-
tricts of Central Yakutia with stall-based animal hus-
bandry and herd horse breeding, as well as risky agri-
culture. Here, the rural population accounts for 87.7 %,
and the indigenous population accounts for 94.8 %.

V. Mixed Zone, comprising 5 scattered districts
with stall-based animal husbandry, herd horse breed-
ing, reindeer herding, risky agriculture, and a small
share of mining industry. In the mixed zone, the urban
population accounts for 49.4 %, rural - 50.6 %, and in-
digenous - 53.7 %.

All districts of the Republic of Sakha (Yakutia) are
included in the list of territories with low population
density, except for 5 districts of the Rural (Agricultural)
Zone. Indigenous (native) peoples included the Yakuts
(Sakha) and the small-numbered peoples of the North
(Even, Evenki, Yukaghir, Chukchi, Dolgan). All other pop-
ulation groups were considered non-indigenous [13].

Starting from 2020, the Scientific and Practical
Center “Phthisiology” began developing an algo-
rithm for tuberculosis detection and diagnosis among
the adult population using information technolo-
gies (IT). Monthly monitoring of population coverage
with fluorographic (FLG) examinations was introduced.
Telemedicine consultations (TMC) were organized be-
tween district primary healthcare physicians and TB
specialists at TB dispensary departments of central dis-
trict hospitals (CDHs) and Yakutsk through the “Cloud
Polyclinic” application for diagnostic clarification
and registration for follow-up. The telemedicine ser-
vice “Cloud Polyclinic”, launched in the Republic
of Sakha (Yakutia) in 2020, is designed for remote pa-
tient-specialist interaction and physician-to-physician
consultations.

To evaluate the effectiveness of IT implementation
in the TB service, two periods were compared: Period
1(2014-2016) - traditional methods (pre-IT implemen-
tation); Period 2 (2020-2023) - widespread IT imple-
mentation (“Cloud Polyclinic”, ArchiMed system, TMC,
and “Predict” software).

From 2022, work was conducted jointly
with the Faculty of Computational Mathematics
and Cybernetics of Lomonosov Moscow State University
to process the FLG image database using a prototype in-
teractive tool for radiographic image annotation to train
diagnostic deep neural networks. The effectiveness
of primary and secondary reading of digital fluorograms
with a clinical decision support system in radiological
screening for pulmonary tuberculosis was compared
using expert evaluation, with accuracy, sensitivity,
and specificity calculated [14]. As a result, a neural net-
work diagnostic model for tuberculosis, the “Predict”
software, was developed and included in the algorithm.

In 2022, the Ministry of Health of the Republic
of Sakha (Yakutia) approved a pilot project for the im-
plementation and testing of new information tech-
nologies to improve the effectiveness of tubercu-
losis detection and diagnosis among the republic’s
population.

Seven pilot healthcare facilities were select-
ed from each socio-territorial zone for algorithm
implementation:

- Yakutsk City (Yakutsk City Hospital No. 2, Yakutsk
City Hospital No. 3);

— Arctic Zone (Bulunskaya Central District Hospital);

- Industrial Zone (Aldanskaya Central District
Hospital);

— Rural (Agricultural) Zone (Verkhnevilyuyskaya
Central District Hospital; Megino-Kangalasskaya Cen-
tral District Hospital);

- Mixed Zone (Khangalasskaya Central District
Hospital).

As shown in Figure 1, within the pilot healthcare fa-
cilities, at the first (radiological) stage of the algorithm
for pulmonary tuberculosis detection and diagnosis
during FLG screening of the adult population, the ra-
diologist at the FLG unit uploads digital fluorograms
to the Central Archive of Medical Images (ArchiMed sys-
tem). For primary reading of fluorograms, the “Predict”
software is used to prioritize images for radiologist re-
view, highlighting radiological syndromes as a clinical
decision support system. This is followed by secondary
reading by a radiologist. The list of cases that have been
identified as having pathological changes in their chest
organs (referred to as “FLG-positive”) is transmitted
by the authorized facility’s official to the primary care
physicians, with the results of any further examinations
being returned to the FLG unit. An electronic record
of the subsequent follow-up for these cases is main-
tained within the FLG department.

At the second (clinical) stage, the district primary
care physician at the healthcare facility performs a fol-
low-up examination of “FLG-positive” individuals. When
symptoms suggestive of tuberculosis are identified,
the patient is referred to a phthisiatrician (TB specialist)
at the TB Dispensary Department of the Central District
Hospital or the Yakutsk City TB Dispensary Department.

At the third (specialized) stage, following comple-
tion of the patient’s diagnostic workup, the phthisi-
atrician conducts a telemedicine consultation (TMC)
with the Scientific and Practical Center for Phthisiology
via the Cloud Polyclinic platform to confirm the diag-
nosis of tuberculosis and to enroll the patient in dis-
pensary follow-up. The results of the follow-up exam-
ination are transmitted back to the district primary care
physician.

The effectiveness of algorithm implementation
was assessed through monthly monitoring of the fol-
lowing parameters: population coverage with fluoro-
graphic (FLG) screening; proportion of “FLG-positive”
individuals who completed follow-up examination;
coverage of preventive screenings among tuberculo-
sis risk groups; time intervals to tuberculosis diagno-
sis, measured from both the date of initial presentation
to the primary healthcare facility and the date of refer-
ral to the phthisiatrician.

For statistical analysis, descriptive statistics meth-
ods were employed, including calculation of means
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Algorithm for detection and diagnosis of respiratory tuberculosis during FLG screening of the adult population
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Algorithm for the detection and diagnosis of pulmonary tuberculosis during mass X-ray screening of the adult population in pilot health-

care facilities

(M), standard errors (m), and proportions (%), allowing
assessment of preventive screening coverage, diag-
nostic timeframes, and other indicators. To compare
algorithm effectiveness before and after information
technology implementation, Student’s t-test was used,
confirming the statistical significance of differences
(p < 0.05). Diagnostic accuracy of the methodology was
evaluated through calculation of sensitivity, specificity,
and overall accuracy, as well as by expert assessment
during validation of primary and secondary fluorogram
readings.

RESULTS

To evaluate the effectiveness of the algorithm for tu-
berculosis detection and diagnosis among the adult
population using information technologies, the Scien-
tific and Practical Center for Phthisiology conducted
monthly monitoring of the following parameters: flu-
orography (FLG) screening coverage of the catchment
population; timeframes and proportion of FLG-posi-
tive individuals who completed follow-up examina-
tion; and monthly monitoring of preventive screening
coverage for tuberculosis among risk groups in pilot
healthcare facilities, compared with other healthcare
facilities in the republic.

In healthcare facilities not included in the pilot
project, the coverage of preventive screening for tu-
berculosis by FLG during the period 2017-2019 ranged
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from 85.0 % to 87.9 %, averaging 2.0 % higher than
in the pilot facilities. Following the launch of the project,
the coverage rate in pilot facilities increased, reaching
82.6-88.7 % over the period 2020-2023, which exceed-
ed the corresponding rate in the remaining healthcare
facilities by an average of 3.2 %.

Analysis of preventive screening coverage among
tuberculosis risk groups in pilot versus non-pilot
healthcare facilities in 2022-2023 demonstrated that
coverage of both medical and social risk groups was
higher in pilot facilities. In 2022, preventive screening
coverage of medical risk groups in pilot Central Dis-
trict Hospitals (CDHs) was 92.3 %, increasing to 95.2 %
in 2023, thereby reaching the target indicator of 95 %.
In the remaining CDHs, the corresponding rates were
88.0 % and 88.3 %, respectively. In pilot healthcare fa-
cilities of Yakutsk City, coverage decreased from 99.8 %
in 2022 to 95.9 % in 2023, remaining above the target
threshold. In non-pilot facilities, the indicator remained
below the required level (90.8 % in 2022 and 84.0 %
in 2023).

Coverage of preventive screening among social
risk groups in pilot CDHs increased from 80.9 % in 2022
to 86.9 % in 2023, though it did not reach the target
indicator. In non-pilot CDHs, the indicator was insuf-
ficient, although it increased from 79.9 % to 84.3 %.
In pilot healthcare facilities of Yakutsk City, screening
coverage for social risk groups during the study peri-
od ranged from 96.6 % to 100 %, compared with 90.6-
97.6 % in non-pilot facilities.

Economics and management in public health service



Analysis of the proportion of FLG-positive indi-
viduals who did not complete follow-up examination
in pilot versus non-pilot healthcare facilities in 2022
and 2023 revealed that, in facilities not currently includ-
ed in the project, the proportion of individuals with FLG
changes who were not fully examined decreased in both
CDHs (1.4-1.6 % vs. 2.1-2.2 %) and Yakutsk City health-
care facilities (3.1-6.8 % vs. 12.8-14.6 %).

The implementation of information technol-
ogies in pilot healthcare facilities enabled mini-
mization of missed pathology during FLG screen-
ing of the population for tuberculosis and reduced
the timeframes for diagnosis and enrollment of pa-
tients in dispensary follow-up. As shown in Table 1, fol-
lowing IT implementation in pilot CDHs, the mean time
interval from initial presentation at primary healthcare
facilities to referral to a phthisiatrician was reduced
by 22.7 days, and the mean time interval from presen-
tation at the CDH TB Dispensary Department to confir-
mation of tuberculosis diagnosis was reduced by 32.9
days. Both differences were statistically significant
(p =0.001292; p = 0.001925, respectively).

Thus, the pilot implementation of the developed al-
gorithmfor clinical and radiological tuberculosis screen-
ing using information technologies in pilot healthcare
facilities has led to positive changesin pulmonary tuber-
culosis detection through the organization of second-
ary reading of FLG images in the Central Archive of Med-
ical Images by radiologists from the core institution,
monthly monitoring of population coverage with FLG
screening, preventive screening coverage of medi-
cal and social risk groups, and follow-up examination
of FLG-positive individuals, as well as a significant re-
duction in tuberculosis diagnostic timeframes through
the transmission of patient medical documentation via
the Cloud Polyclinic platform and the conduct of tele-
medicine consultations for diagnosis confirmation.

To test the “Predict” software in 2023-2024,
double reading of digital fluorograms using artifi-
cial intelligence (Al) was organized and conducted
at primary healthcare facilities. The Al performed

TABLE 1

the primary reading of all FLG images, while the ra-
diologist at the primary healthcare facility performed
the secondary reading of the same images, taking
into account the Al results. During the testing phase,
radiologists from the Scientific and Practical Center
for Phthisiology performed quality control of the pri-
mary and secondary reading reports for 16,427 FLG im-
ages included in the study. Based on the results of dou-
ble reading (Al + radiologist), 468 cases of pathology
were suspected, of which clinical and laboratory exam-
ination confirmed pulmonary tuberculosis in 135 pa-
tients. The diagnosis in all patients was verified through
comprehensive examination, including medical history
collection, analysis of clinical and laboratory data, chest
radiography, and chest computed tomography.

In the current version of the “Predict” software,
the system calculates the percentage probability
of the presence of pulmonary abnormalities. The high-
est concordance rate between radiologist and Al read-
ings was observed in the pathology probability
range of 0 % to 25 % (93.3-99.7 %). In the 26-60 %
range, the concordance rate was 61.9-82.4 %. When
the Al-predicted pathology probability exceeded 61 %,
radiologists most frequently identified pulmonary ab-
normalities, including fibrotic changes, inflammatory
changes, postoperative changes, sequelae of trauma,
as well as congenital pathology of the pulmonary, car-
diovascular, and musculoskeletal systems.

ROC analysis of Al performance at the primary FLG
screening stage revealed high performance metrics:
sensitivity for pathology probability detection was
82 %, and specificity was 81 %.

Following the pilot testing of the algorithm
for pulmonary tuberculosis detection and diagnosis
in pilot healthcare facilities, in 2024 an Organization-
al Two-Component Model of Clinical and Radiological
Screening for Pulmonary Tuberculosis was developed
(hereinafter referred to as the “Model”). The Model
is based on the comprehensive application of infor-
mation and digital technologies to improve pulmo-
nary tuberculosis detection and diagnosis in sparsely

TIMEFRAME FOR TUBERCULOSIS DIAGNOSIS IN PILOT CENTRAL DISTRICT HOSPITALS BEFORE AND AFTER

IMPLEMENTATION OF IT-SOLUTIONS

Follow-up groups

Pilot CDH before IT implementation,

Time from presentation at HCF to referral
to TBDD (CDH), days (M+m)

Time from presentation at TBDD (CDH)
to diagnosis confirmation, days (M+m)

2014-2016 (n=55) 31.346.1 45.745.0
Pilot CDH after IT implementation,

2020-2023 (n=31) 8.6+2.9 12.843.9
Student’s t-test 333 32

p 0.001292 0.001925
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populated territories. It comprises two Algorithms
designed for use in the Arctic and Industrial zones
of the Far North. The Organizational Two-Component
Model was developed taking into account the exist-
ing differences in tuberculosis detection organization
across the socio-territorial zones of the region, par-
ticularly with the predominantly mobile (outreach)
mode of healthcare delivery, including FLG screening
of the population in the districts of the Arctic zone.

The developed Algorithms of the Model include
three stages: Radiological Stage at the Radiology De-
partment of the Central District Hospital (hereinafter
referred to as the First Stage); Clinical Stage at the Out-
patient Department of the Central District Hospital
(hereinafter referred to as the Second Stage); and Spe-
cialized Stage at the level of the phthisiatrician of the TB
Dispensary Department of the Central District Hospital
(hereinafter referred to as the Third Stage).

In the schematic representation of the Model Algo-
rithms, asterisks with numbers indicate new organiza-
tional forms introduced in the work of Central District
Hospitals for tuberculosis detection during population
FLG screening.

The algorithm for the Arctic Zone (Fig. 2) has sev-
eral distinctions due to infrastructure characteristics.
At the first stage, screening FLG examination of the en-
tire population is conducted by a mobile fluorography
team, which provides the FLG Unit of the Central District
Hospital with the completed FLG images on a digital
storage medium.The radiologist uploads the FLGimage
database to the ArchiMed Central Archive of Medical

Images and simultaneously to the Predict software
for primary reading. Following the receipt of fluorogram
reading results from the Predict software, the radiol-
ogist performs secondary reading, prioritizing those
images identified with a pathology probability of 1 %
or higher. After reviewing all fluorographic images,
the radiologist prepares a list of FLG-positive individu-
als and transmits it to the second stage of the Model -
the Head of the Polyclinic Department of the Central
District Hospital.

At the second stage of the Algorithm, the Head
of the Polyclinic Department of the CDH transmits
the lists of FLG-positive individuals to a mobile medical
team, which specifically travels to populated areas to ex-
amine patients with pathology detected during FLG
screening. The mobile medical team completes Block 1
of the insert in the outpatient medical record - “Clinical
and Radiological Examination of FLG-positive Patient”
(hereinafter referred to as the “insert”) and issues a re-
ferral for further examination. The insert with complet-
ed Block 1 is handed over by the mobile medical team
physician to the Head of the Polyclinic Department,
who then forwards it to the district primary care physi-
cian. The district primary care physician recalls and per-
forms a follow-up examination of the FLG-positive pa-
tient within 10 working days and completes Block 2
of the insert. When signs suggestive of tuberculosis are
identified, the patient is referred to the third stage -
the TB Dispensary Department of the CDH.

At this stage, a new documentation form is intro-
duced - the insert in the outpatient medical record
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Algorithm for clinical and radiological screening of pulmonary tuberculosis based on the integrated use of information technology to im-

prove detection and diagnosis in the Arctic zone of the Far North
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“Clinical and Radiological Examination of FLG-positive
Patient”, divided into two blocks: for the mobile med-
ical team physician and for the district primary care
physician. The insert for the mobile medical team in-
cludes patient identification information: demographic
data, brief medical history, and the date of the most re-
cent examination as reported by the patient. The insert
for the primary care physician includes follow-up exam-
ination results and the final diagnosis.

At the third stage, individuals with suspected tuber-
culosis are referred for follow-up examination to the TB
Dispensary Department of the CDH. The phthisiatrician
at the TBDD transmits all patient examination results
to the Scientific and Practical Center for Phthisiology
via the secure ViPNet network for review by the Cen-
tral Medical Commission using telemedicine technolo-
gies. When the diagnosis of tuberculosis is confirmed,
the Central Medical Commission enrolls the patient
in dispensary follow-up. Oversight of patient rout-
ing and compliance with the third stage procedures
is the responsibility of the Head of the TB Dispensary
Department of the CDH.

The Industrial Zone is characterized by more stable
internet connectivity and better transport accessibility.
Therefore, the Algorithm for this zone does not include
the deployment of mobile teams (Fig. 3).

At the first stage, screening FLG examination
of the entire population is conducted at the FLG Units
of the Central District Hospitals. The radiologist up-
loads the FLG image database to the ArchiMed Cen-
tral Archive of Medical Images and simultaneously

to the Predict software for primary reading. Following
the receipt of fluorogram reading results from the Pre-
dict software, the radiologist performs secondary read-
ing, prioritizing those images identified with a pa-
thology probability of 1 % or higher. After completing
secondary reading of all FLG images, the radiologist
generates a list of FLG-positive individuals and trans-
mits it to the second stage of the Model - the Deputy
Chief Physician for Outpatient Care / Head of the Poly-
clinic Department of the CDH.

At the second stage of the Algorithm for the In-
dustrial Zone, the Head of the Polyclinic Department
of the CDH transmits the lists of FLG-positive individ-
uals to the district primary care physicians, who per-
form a follow-up examination of the patient within 10
working days and complete the insert in the outpatient
medical record - “Clinical and Radiological Examina-
tion of FLG-positive Patient”. When signs suggestive
of tuberculosis are identified, the patient is referred
to the third stage - the TB Dispensary Department
of the CDH for follow-up examination.

At the third stage, the phthisiatrician transmits all
patient examination results to the Scientific and Prac-
tical Center for Phthisiology via the secure ViPNet net-
work for review by the Central Medical Commission
(CMCQ) using telemedicine technologies. When the di-
agnosis of tuberculosis is confirmed, the CMC enrolls
the patient in dispensary follow-up. Oversight of pa-
tient routing and compliance with the third stage pro-
cedures is the responsibility of the Head of the TB Dis-
pensary Department of the CDH.
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At present, the Predict software continues to under-
go pilot testing and refinement of artificial intelligence
parameters to improve sensitivity and specificity.

Radiological images obtained during mass screen-
ing examinations are routinely reviewed by two radiol-
ogists to reduce the risk of missed pathology. Primary
reading of the radiological image is performed immedi-
ately after the examination, taking 5-7 minutes per im-
age. Secondary reading is performed either by a differ-
entradiologist or by the same radiologist after 24 hours.
This system improves the detection rate of pathological
changes to up to 99 %, but is time-consuming.

The use of Al eliminates the need for primary read-
ing by a radiologist, reducing reading time to 1-2
seconds per image and increasing detection efficien-
cy to 99.6 %. The radiologist performs only secondary
reading of radiological images, and with Al assistance,
reading efficiency increases to up to 100 %.

As a result of implementing the Organizational
Two-Component Model with Al integration, the follow-
ing objectives of the healthcare digitalization program
are achieved: improved quality of pulmonary tubercu-
losis diagnosis; reduced examination time per patient;
reduced workload on radiologists; and increased acces-
sibility of medical care to the population.

DISCUSSION

The key achievement of this work is the develop-
ment of a comprehensive Organizational Two-Com-
ponent Model, in which digital tools perform strictly
defined functions within the overall tuberculosis care
system. The main process improvement has been
achieved through clear regulation of stages and data
flows. Automated primary triage through the upload
of fluorograms to the Predict software replaces the la-
bor-intensive primary reading by a physician, instant-
ly identifying images with low pathology probability
and prioritizing those requiring specialist attention.
This represents not diagnosis, but an efficient triage
system that optimizes specialist workload.

An important element of the Model Algo-
rithms is centralization of expert review, which pro-
vides for mandatory secondary reading of images
from risk groups by a radiologist at the core institu-
tion via the Central Archive of Medical Images. This
approach successfully addresses the shortage of local
personnel and standardizes evaluation criteria. End-to-
end electronic routing ensures the generation of a dig-
ital list of FLG-positive individuals and its automatic
transmission via secure network from the radiologist
to the Head of the Polyclinic Department and then
to the district primary care physician, eliminating data
loss and delays inherent in paper-based document
management.

Of particular note is the development of differenti-
ated processes for different settings. The creation of two
separate algorithms for the Arctic and Industrial Zones
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demonstrates a systematic approach to problem-solv-
ing. For the Arctic Zone, the algorithm is supplemented
by the deployment of mobile teams and a new docu-
mentation form, compensating for the lack of direct
access to healthcare facilities. For the Industrial Zone
with developed infrastructure, the algorithm operates
in a more direct and rapid mode. Thus, the Predict
software functions not as an independent diagnos-
tic tool, but as a critical filter-accelerator at the entry
point of the established clinical process. The reduction
in diagnostic timeframes should be considered a con-
sequence of comprehensive process optimization rath-
er than merely the use of technological solutions.

Study Limitations

The presented algorithms have several limitations
related to implementation stages and generalizability.
Reliable operation critically depends on the uninter-
rupted functioning of all technological components,
including the Central Archive of Medical Images, secure
networks, and stable Internet connectivity. In the Arc-
tic Zone, failure at any of these stages may paralyze
the entire process. There is also a risk of operational
errors, as the workload increases on the central hub -
the radiologists at the core institution and healthcare
organizers responsible for coordinating data flows.

The study documents improvement in performance
indicators; however, to assess the ultimate effective-
ness of the Organizational Two-Component Model,
long-term data on epidemiological outcomes are re-
quired, which may only become apparent after several
years of observation.

CONCLUSION

The conducted research confirms that early tuber-
culosis detection in sparsely populated territories re-
mains a challenging task due to low population density
and limited accessibility of traditional screening meth-
ods. The implementation of telemedicine technologies
and digital tools may improve diagnostic coverage;
however, their application in the Arctic and Industrial
Zones requires adaptation to the specific characteris-
tics of the territories and approaches to healthcare ser-
vice organization.

Key unresolved aspects include optimization of pa-
tient routing, reduction of time to diagnosis, and im-
provement of radiological data interpretation accuracy,
particularly under conditions of specialist shortages.

In this study, an Organizational Two-Component
Model for tuberculosis detection using information
technologies, including Al-based Predict software,
was developed and piloted. The implementation
of the Model resulted in a 3.2 % increase in fluorograph-
ic screening coverage, a reduction in diagnostic time-
frames by 22.7-32.9 days, and a 2-4 times reduction
in the number of patients without follow-up completed.

The use of artificial intelligence in fluorogram
analysis provides high accuracy (up to 99.6 %),



while minimizing missed pathology and reducing
the workload on radiologists. The developed Algo-
rithms for the Arctic and Industrial Zones have demon-
strated their effectiveness through the combination
of telemedicine consultations, automated image analy-
sis, and optimized patient routing.

The obtained results have significant clinical im-
plications, as they improve the accessibility and qual-
ity of tuberculosis diagnosis in hard-to-reach regions
and reduce the time from detection to treatment.
The scientific value of this work lies in substantiat-
ing an approach that combines digital technologies
with adapted organizational solutions for different
socio-territorial zones. For further research, it would
be beneficial to extend the pilot implementation
of the Model to other regions with similar conditions,
refine Al algorithms to improve specificity in differential
diagnosis, and study the long-term impact of the im-
plemented methods on tuberculosis epidemiological
indicators.
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