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Background. The epidemiology of pulmonary hypertension (PH) in children of Russian Federation has not been studied. Currently available data is limited to several foreign registries, mostly limited to the study of PH Group I cases. Objective. Aim of the study is to analyze the prevalence of PH in pediatric population of Russian Federation. Methods. Data on PH cases were collected from chief freelance pediatric cardiologists and pediatric cardiology specialists in 85 territorial entities of the country. Requests for data submission were sent in January 2021, 2022, and 2023. The study included data from patients aged from 3 months to 17 years with established diagnosis of PH and available catheterization and/or echocardiography results. The PH diagnosis was verified based on mean pulmonary artery pressure values (mPAP>20 mmHg in biventricular circulation and >15 mmHg in univentricular hemodynamics) or on systolic PAP values (>36 mmHg). Clinical PH groups were created according to the diagnosis in medical records. Publicly available Russian Federal State Statistics Service data on pediatric population (total and by territorial entities) as of January 1, 2022 and 2023 were used to evaluate PH prevalence. Results. The study included data from549 patients with PH from 60 territorial entities of Russia from February 2021 to February 2023. Mean age was 10.0 (4.8) years, with 56% being female. The diagnosis was verified via cardiac catheterization in 71.5% of patients. The overall prevalence of PH was 22.5 cases (95% CI 18.3–27.4) per 1 million pediatric population; PH Group I (pulmonary arterial hypertension; PAH) accounted for 11.8 cases, including idiopathic PAH — 4.18 and PAH associated with congenital heart disease (CHD) — 7.16 per 1 million pediatric population. CHD was associated with 66.4% of all PH cases (Groups I and V). The highest prevalence (7.8 per 1 million pediatric population) was observed for PH cases associated with complex CHD. Conclusion. PH prevalence, its clinical groups and subgroups among pediatric population of Russian Federation is presented. The obtained data is crucial for evaluation of population's need for specialized medical care for this complex group of patients at both regional and federal levels.
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Fig. 1. Age distribution of patients with pulmonary hypertension
Number of cases
Age, years

[bookmark: _Hlk208747785]Table 1. PH prevalence in territorial entities of Russian Federation
	Territorial entities of Russian Federation
	Pediatric population size, abs.*
	Children with PH, abs.
	Prevalence, per 1 million pediatric population **

	Pskov region
	1144532
	13
	113,6

	Komi Republic
	1785972
	11
	61,6

	Arkhangelsk region
	2096652
	12
	57,2

	Republic of Khakasiya
	1272282
	6
	47,2

	Vologda Oblast
	2452582
	10
	40,8

	Moscow
	22155342
	88
	40,0

	Saratov region
	4502961
	18
	40,0

	Sakhalin Oblast
	1067412
	4
	37,5

	Primorsky Krai
	3748962
	14
	37,3

	Republic of Crimea
	3983192
	14
	35,1

	Samara region
	6123852
	21
	34,3

	Kabardino-Balkar Republic
	2062612
	7
	33,9

	Tyumen region
	3638762
	12
	33,0

	Bryansk region
	2198002
	7
	31,8

	Smolensk region
	1586602
	5
	31,5

	Sverdlovsk region
	9238002
	29
	31,4

	Karachay-Cherkess Republic
	1099002
	3
	27,3

	Altai Territory
	4650332
	12
	25,8

	Nizhny Novgorod region
	6020432
	15
	24,9

	St. Petersburg
	9219702
	23
	24,9

	Vladimir region
	2961342
	7
	23,6

	Republic of Tatarstan
	8145272
	19
	23,3

	Perm Territory
	5622972
	13
	23,1

	Kostroma region
	1305452
	3
	23,0

	Republic of Mordovia
	1304142
	3
	23,0

	Krasnoyarsk Territory
	6224232
	14
	22,5

	Murmansk region
	1395262
	3
	21,5

	Yaroslavl region
	2362652
	5
	21,2

	Ivanovo region
	1907872
	4
	21,0

	Republic of Buryatia
	2651112
	5
	18,9

	Lipetsk region
	2130091
	4
	18,8

	Orenburg region
	4296372
	8
	18,6

	Krasnodar Territory
	12293002
	22
	17,9

	Leningrad region
	3352292
	6
	17,9

	Ulyanovsk region
	2261052
	4
	17,7

	Rostov region
	7870382
	13
	16,5

	Republic of Tuva
	1234691
	2
	16,2

	Republic of Bashkortostan
	9041652
	13
	14,4

	Chelyabinsk region
	7279252
	10
	13,7

	Tomsk region
	2209672
	3
	13,6

	Astrakhan region
	2228002
	3
	13,5

	Kurgan region
	3006132
	4
	13,3

	Republic of Ingushetia
	1588602
	2
	12,6

	Tambov region
	1665462
	2
	12,0

	Republic of Dagestan
	8775432
	10
	11,4

	Republic of Sakha (Yakutia)
	2637731
	3
	11,4

	Kemerovo region
	5472002
	6
	11,0

	Belgorod region
	6425432
	7
	10,9

	Stavropol Territory
	5834312
	6
	10,3

	Kaliningrad region
	2049722
	2
	9,8

	Chechen Republic
	5302952
	5
	9,4

	Penza region
	2297732
	2
	8,7

	Omsk region
	4094142
	3
	7,3

	Yamalo-Nenets Autonomous Okrug
	1449922
	1
	6,9

	Volgograd region
	448 9102
	3
	6,7

	Republic of North Ossetia — Alania
	1517332
	1
	6,6

	Voronezh region
	4014192
	2
	5,0

	Republic of Karelia
	2518152
	1
	4,0

	Republic of Adygea
	2613061
	1
	3,8

	Nenets Autonomous Okrug
	213852
	0
	0


Note. <*> — in 6 territorial entities data corresponded to 2022; in 54 territorial entities — to 2023. Thus, prevalence was calculated based on the pediatric population size in the territorial entities of Russian Federation (Russian Federal State Statistics Service data) for the corresponding year: <1> — 2022, <2> — 2023; <**> — calculated as the ratio of number of cases to population size. PH (ЛГ) — pulmonary hypertension.
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Fig. 2. Distribution of pulmonary hypertension prevalence values across the territorial entities of Russian Federation
PH prevalence in children

Table 2. PH prevalence in the federal districts of Russian Federation
	Federal district
	Children with PH, abs.
	Prevalence, per 1 million pediatric population*

	Northwestern Federal District
	75
	28,1

	Ural Federal District
	56
	20,9

	Volga Federal District
	117
	20,2

	Southern Federal District
	56
	17,3

	Central Federal District
	134
	16,2

	North Caucasus Federal District
	39
	15,5

	Far Eastern Federal District
	26
	14,6

	Siberian Federal District
	46
	12,6


Note. <*> — calculated as the ratio of number of cases to population size (Russian Federal State Statistics Service data). PH (ЛГ) — pulmonary hypertension.


Fig. 3. Structure of pulmonary hypertension in children: clinical subgroups
Note. iPAH (иЛАГ) — idiopathic pulmonary arterial hypertension; PAH-CHD (ЛАГ-ВПС) — PAH associated with simple congenital heart defects (arteriovenous shunts); PH (ЛГ) — pulmonary hypertension associated with complex CHD; PH-LD (ЛГ-ЗЛ)— PH associated with lung diseases; PH-CHD+LD (ЛГ-ВПС + ЗЛ) — combined PH associated with CHD and lung disease; PH-LHD (ЛГ-ЛК) — PH associated with left heart disease; PH-CTD (ЛГ-ЗСТ) — PH associated with connective tissue diseases; PPH (ППГ) — portopulmonary hypertension; CTEPH (ХТЛГ) — chronic thromboembolic pulmonary hypertension; PH-HA (ЛГ-ГА) — PH associated with hemolytic anemia; PH-NMD (ЛГ-НМЗ) — PH associated with neuromuscular disease.

Table 3. Prevalence of PH clinical subgroups in children
	PH groups/subgroups 
	Prevalence, per 1 million pediatric population

	Group I
Idiopathic PAH
CHD-PAH associated with simple arteriovenous shunts
Portopulmonary PH
PAH associated with connective tissue diseases
	11,8
4,18
7,16
0,36
0,08

	Group II
PH associated with left heart disease
	
0,7

	Group III
PH associated with lung diseases
	
1,18

	Group IV
Chronic thromboembolic pulmonary hypertension
	
0,16

	Group V
PH associated with complex CHD
PH associated with hemolytic anemia
PH associated with neuromuscular disease
	7,88
7,80
0,04
0,04

	Combined forms
PH associated with CHD and lung disease
	
0,78


Note. PH (ЛГ) — pulmonary hypertension; PAH (ЛАГ) — pulmonary arterial hypertension; CHD (ВПС) — congenital heart defect.

Table 4. Characteristics of children with pulmonary hypertension
	PH groups
	Proportion of performed cardiac catheterizations 
	Gender (female), n (%)
	Age, years
	mPAP, mmHg
	PVR, Wood units

	Overall group (n = 549)
	71,5%
	307 (56)
	10,0 (4,8)
0,25–17,8
	46,4 (22,0)
15–104
	16,9 (12,8)
2,0–64,0

	Group I

	Idiopathic PAH (n = 102)
	70,5
	58 (57)
	9,6 (4,7)
0,25–17,6
	56,8 (22,5)
22,0–100,0
	16,5 (9,4)
3,7–32,0

	CHD-PAH associated with simple arteriovenous shunts (n = 175)
	75
	107 (61)
	10,4 (4,5)
0,3–17,9
	52, 4 (18,8)
15,0–104,0
	13,4 (7,3)
3,0–34,0)

	Portopulmonary PH (n = 9)
	89
	9 (100)
	11,0 (2,5)
9,2–12,8
	45,0 (7,0)
40,0–50,0
	23,0 (15,3)
18,0–44,5

	PAH associated with connective tissue diseases (n = 2)
	100
	2 (100)
	10,2 (2,1)
8,6–11,6
	49,0 (2,8)
47,0–51,0
	17,2 (3,7)
14,5–19,8

	Group II

	PH associated with left heart disease (n = 17)
	18
	10 (59)
	6,6 (5,2)
0,25–16,5
	55,3 (20,1)
34,0–74,0
	n/a

	Group III
	
	
	
	
	

	PH associated with lung diseases (n = 29)
	41
	12 (41)
	6,1 (5,7)
0,5–17,1
	43, 0 (14,3)
20,0–54,0
	14,8 (16)
5,3–38,8

	Group IV

	Chronic thromboembolic pulmonary hypertension (n = 4)
	100
	1 (25)
	15,0 (3,3)
11,5–17,9
	34,5 (13,5)
21,0–48,0
	7,0 (3,5)
3,0–10,0

	Group V

	PH associated with complex (n = 190)
	80
	104 (55)
	8,7 (4,3)
0,3–17,2
	33,5 (20,9)
15,0–100,0
	12,9 (10,1)
 2,0–42,5

	PH associated with hemolytic anemia (n = 1)
	100
	female
	10
	45
	18

	PH associated with neuromuscular disease (n = 1)
	100%
	male
	12
	n/a
	n/a

	Combined forms

	PH associated with CHD and lung disease (n = 19)
	31,5%
	10 (53)
	6,1 (5,9)
0,25–17,1
	46 (23,4)
20,0–74,0
	20 (15,9)
3,0–34,5


Note. mPAP (СрДЛА) — mean pulmonary artery pressure; PVR (ЛСС) — pulmonary vascular resistance; PAH (ЛАГ) — pulmonary arterial hypertension; CHD (ВПС) — congenital heart defect; PH (ЛГ) — pulmonary hypertension. Quantitative data (age, mPAP, PVR) are presented as arithmetic mean (standard deviation) and range (min–max).


RESEARCH LIMITATIONS
Patient data was obtained from 60 territorial entities of Russian Federation, where lives 70.58% of the country's pediatric population (excluding the new territories).
The quality of submitted data was monitored by regional specialists according to available medical records. When entering the data received from regional specialists into the registry, we assessed completeness of the requested information and compliance with the study inclusion criteria.
PH diagnosis verification in 28.5% of patients included in this study was performed via echocardiography due to complexity and associated risks of cardiac catheterization in children, especially of early age. Although echocardiographic results allow us to establish accurate PH diagnosis [1, 7], hemodynamic parameter assessment based on cardiac catheterization is more accurate [1], in our opinion, mainly in Groups II and III.
Conducting the study during the COVID-19 pandemic (the end of which was declared in May 2023) may have affected the amount of data obtained due to reduced healthcare-seeking behavior during this period, as well as the high burden on the healthcare system. It may be the reason for the lack of data from freelance specialists in more than two dozen territorial entities of Russian Federation.
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