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AIM. To evaluate the diagnostic utility of current electrocardiographic criteria for right ventricular hy-
pertrophy in residents of Saint Petersburg.

PATIENTS AND METHODS. This single-center retrospective case — control study included 212 patients.
The main group consisted of 106 patients with echocardiographically confirmed RVH, and the control
group consisted of 106 patients without RVH, matched by sex and age. The 30 ECG criteria were analyzed
according to the AHA/ACCF/HRS gquidelines and the National Guide to Functional Diagnostics.

RESULTS. Most criteria showed high specificity (average 90.8%) but low sensitivity (14.6%). The criterion
(RI+SII) — (SI+RIN)< 15 mm demonstrated abnormally high sensitivity (86.8%) with low specificity (19.8%).
Statistically significant differences were found for 10 criteria, the highest sensitivity among which was
characterized by the T wave inversion in V -V, (sensitivity 32.1%, specificity 93.4%) and the combination
of SI+QIll (sensitivity 34.9%, specificity 82.1%).

CONCLUSION. Existing ECG criteria are effective for confirming RVH when used independently, but
cannot be used for screening due to their low sensitivity. It is advisable to develop algorithms for ECG
diagnostics of RVH that take into account the results of evaluating combined criteria and the population
characteristics of their use.
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LLEJTb. OueHuTb AnarHoctTuyeckyto aedektueHocTb 30 anekTpokapanorpaduyeckux (3K kputepues
runeptpodum npasoro xenynouka (MXX) y naumeHTos CaHkT-MeTepbypra.

NAUMEHTbI U METObI. NpoBeneHo ogHOLEHTPOBOE PeTPOCNEeKTUBHOE UCCiegoBaHMe TUna «ciy-
Yall — KOHTPONb» C BKJIl0YeHueM 212 naumeHTtoB. OCHOBHYIO rpynny coctaBunu 106 naumeHToB C Bepu-
durumpoBaHHOI No axokapaunorpadum MK, rpynny koHTpons — 106 naumeHToB 6e3 MK, conoctaBUMbIX
no nony u Bospacty. AHanusnposanu 30 SKI-kputepumes B COOTBETCTBUM C pekoMeHaaumsmu AHA/ACCF/
HRS n HaumoHanbHoro pykoBogcTea no GyHKUMOHANbHOW AUarHoCTUKe.

PE3YJIbTATbI. BONbLWMHCTBO KpUTEPUEB XapaKTepM30BaanCh BbICOKOIN cneunduyHoCTbio (CpegHee 3Ha-
yeHue 90,8%) npu HU3KOW YyBCTBUTENBHOCTU (14,6%). KpuTtepuit (RI1+SIII) — (SI+RII) <15 MM nokasan
AHOMaNbHO BbICOKYIO YyBCTBUTENBHOCTL (86,8%) Npu HM3KoM cneunduyHoctu (19,8%). Ctatuctuyecku
3HauMMBble pas3nnuus BbisiBneHbl Ans 10 kpuTepues, Hanbonbliein YyBCTBUTENLHOCTBLIO CPeAM KOTOPbIX
xapakTtepusoBanucb nisepcus T B V -V, 1 komBuHauua SI+Qlll (4yscTBUTENBHOCTL 32,1% 1 34,9%, cneuu-
$unyHoCTb 93,4% 1 82,1% COOTBETCTBEHHO).

3AKNTKOYEHUE. CywecTtsytowme IKI-kputepum npyu CaMOCTOSTESIbHOM NpUMeHeHnn 3ddeKTUBHbI AN
noarsepxaexus MK, Ho 13-3a HU3KOW YyBCTBUTENLHOCTM HE MOTYT MPUMEHSATLCS AN CKPUHUHTA. Llene-
coobpasHa paspabotka anroputmoB IKI-guarHoctukm MK, yynTbiBatOLWMX pe3ynbTaThl OLEHKN KoMbu-
HUPOBaHHbIX KPUTEPUEB U NONYNSLNOHHBIE 0COBEHHOCTU UX MPUMEHEHMSI.
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INTRODUCTION

Right ventricular hypertrophy (RVH) is a structural
and functional adaptation of the myocardium which
develops as a result of cardiac pathology, such as con-
genital and acquired valvular heart disease, or respira-
tory disorders accompanied by pulmonary hyperten-
sion, including chronic obstructive pulmonary disease,
emphysema, and bronchial asthma [1]. According to
the national quidelines on functional diagnostics, the
anatomical criteria for diagnosing RVH include a right
ventricular wall thickness exceeding 5 mm and myo-
cardial mass exceeding 70 g [2]. Initially, myocardial
hypertrophy serves as a compensatory mechanism,
but prolonged overloading leads to fibrosis, resulting
in systolic and diastolic dysfunction [3].

The most common causes of RVH are conditions
that lead to pulmonary hypertension, such as chronic
obstructive pulmonary disease, valvular heart disease,
and pulmonary embolism, as well as congenital heart
defects that involve shunting. In some cases, RVH may
also be caused by primary myocardial involvement,
such as arrhythmogenic right ventricular cardiomyo-
pathy, or by multifactorial mechanisms [4]. Early de-
tection of RVH is important for the timely diagnosis
of these conditions and diseases. This allows for the
initiation of a more comprehensive diagnostic work-
up, including more specific imaging techniques, which
can help to reduce the risk of complications, disability,
and death.

Among the instrumental methods for diagnosing
RVH (echocardiography, magnetic resonance imag-
ing, computed tomography, radionuclide ventricu-
lography), electrocardiography (ECG) remains the
most widely available tool, allowing signs of RVH to
be identified at the initial stage of evaluation, thereby
guiding further diagnostic investigation and facilitat-
ing timely therapy. To date, more than 30 ECG criteria
for RVH have been developed. They are presented in
various combinations in current national [2, 5] and
AHA/ACCF/HRS guidelines [6]. The value of ECG for
diagnosing RVH is supported by data from national
and international studies. RVH has been shown to
be a predictor of cardiovascular mortality [7], and its
severity determines outcomes after cardiac surgery
[8]. A close relationship has been shown between the
left and right ventricles in patients with coronary ar-
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tery disease without a myocardial infarction [9]. One
of the ECG criteria for right ventricular hypertrophy
(RVH) — the QR complex in lead vV, — has been iden-
tified as a prognostic marker for severe right heart
involvement in patients with pulmonary hypertension
[10].

AHA/ACCF/HRS guidelines [6] highlight the need
for further validation of existing criteria and the de-
velopment of new ones that take into account local
population characteristics. Despite the long history of
ECG-based diagnosis, there have been no large-scale
validation studies in Russia on RVH ECG criteria that
consider the specific features of the Russian population.

Objective: To evaluate the diagnostic utility of cur-
rent electrocardiographic criteria for right ventricular
hypertrophy in residents of Saint Petersburg.

MATERIALS AND METHODS

A single-center, retrospective case — control study
analyzed data from 212 patients. The study was con-
ducted at the City Consultative and Diagnostic Center
No. 1, Saint Petersburg, in 2023. The study complied
with ethical standards, including the Declaration
of Helsinki (as amended in 2000) and the “Rules of
Clinical Practice in the Russian Federation” (Order
No. 266 of the Ministry of Health of the Russian Fed-
eration, June 19, 2003). All participants gave informed
consent and agreed to the processing of their per-
sonal data.

The main group comprised 106 patients with RVH
verified by echocardiography. Inclusion criteria were:
age 218 years; presence of a 12-lead ECG recorded
in accordance with the Russian Society of Cardiology
guidelines [11]; confirmation of RVH by echocardiog-
raphy within 1 month before or after the ECG (right
ventricular wall thickness > 0.5 cm and/or right ven-
tricular diameter >42 mm); and availability of a car-
diologist’s report. Exclusion criteria were: ventricular
pacing, ventricular rhythm and arrhythmias, and com-
plete left bundle branch block. An example of ECGs
from a patient with RVH is shown in Figure 1.

A control group was assembled using a 1:1 match-
ing process with the main group. For each patient
with echocardiographically confirmed RVH, we iden-
tified all potential control subjects without RVH who
had undergone echocardiography during the same
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Figure 1. Electrocardiogram of a 59-year-old male from the main study group. Multiple criteria for RVH are
present, including an S wave in V,>10 mm, S wave in V,>3 mm, S waves in V, and V, 2 0.7 mV, an R/S ratio
inV,<0.75, and an R/S ratio in V and V,<1.0.

Figure 2. Electrocardiogram of a 43-year-old female from the comparison group in whom RVH was excluded
by echocardiography. The Lewis index (RI +SIIl) — (S| +RIIl) < 15 mm is clearly present.

time period. From this pool of potential controls, one  for sex and age (+5 years) and applying identical ex-
control subject was randomly selected after matching  clusion criteria. The matching process was performed
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without taking into account data of any other clinical
characteristics, such as hypertension or aortic valve
disease, which were deliberately excluded from the
matching algorithm. Figure 2 shows an example of an
ECG of a patient with no RVH.

The study protocol included analysis of demo-
graphic data (age, sex), clinical diagnoses, echocar-
diographic parameters, and ECG parameters (right
ventricular wall thickness and basal diameter). The
ECGs were recorded using the Kardiometr-MT device
with standard settings that comply with the methodo-
logical recommendations “Recording of Resting 12-
Lead Electrocardiogram in Adults and Children” from
2023 [11]. Thirty ECG criteria for RVH were evaluated
in accordance with AHA/ACCF/HRS guidelines [6] and
the National Guidelines on Functional Diagnostics [2].

Measurements were performed manually by two
independent trained cardiologists using a digital
caliper tool integrated into the ECG software; any
discrepancies were resolved by consensus. For am-
plitude criteria, the voltage was measured from the
isoelectric line (TP segment) to the peak of the respec-
tive deflection, with a minimum of three consecutive
complexes averaged. Duration criteria (e.g. QRS dura-
tion) were measured from the onset to the termina-
tion of the corresponding deflection. The presence
of specific patterns (e.g., QR in V, RSR"in V, ST-T
changes) was assessed visually by the same readers.

Statistical analysis was performed using MS Excel
and Jamovi 2.3.38. Sensitivity, specificity, and posi-
tive and negative predictive values (PPV, NPV) were
calculated with confidence intervals. The x? test with
Yates’ continuity correction was used to compare
groups, and a p-value<0.05 was considered statisti-
cally significant.

RESULTS

The study included 212 patients evaluated at the
City Consultative and Diagnostic Center No. 1, Saint
Petersburg, in 2023. The main group consisted of
106 patients: 65 (61.3%) men and 41 (38.7%) women,
mean age 65+ 12 years. The control group comprised
106 patients matched for sex and age: mean age
65+12 years, 65 (61.3%) men and 41 (38.7%) women.

Analysis of disease prevalence showed the follow-
ing differences between groups: patients with RVH
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had congenital heart defects more frequently than
control group (9.4% vs. 0.9%; p = 0.006) and acquired
mitral and/or tricuspid valve disease (12.3% vs. 1.9%;
p =0.004), whereas the control group had a signifi-
cantly higher prevalence of hypertension (86.7% vs.
65.1% in the RVH group; p<0.001) and aortic valve
disease (8.5% vs. 0%; p =0.003). No significant differ-
ences were observed in the frequency of coronary
artery disease, post-infarction or post-myocarditic
cardiosclerosis, or chronic lung disease. One patient
with primary pulmonary hypertension was included
in the main group; the difference between groups in
the number of patients with a history of pulmonary
embolism approached significance (7.6% in the main
group vs. 2% in the control group, p =0.052).

For each criterion listed in the AHA/ACCF/HRS
guidelines [6] and the National Guidelines on Func-
tional Diagnostics [2], the prevalence in the main and
control groups was calculated, and statistical signifi-
cance was assessed using the x2 test.

Criteria from the National Guidelines on Func-
tional Diagnostics [2] were present in 63 (57.6%) pa-
tients in the main group, with a mean of 2.7 criteria
per patient. The point to note is that in the control
group, at least one criterion for RVH was identified
in 97 patients (89.8%), with an average of 3.1 criteria
per patient. Within this set, the most frequently ob-
served criteria were RV, +SV, 2 1.05 mV (21.7%), R/S
ratioinV, 2 1.0 (17.0%), S wave amplitude in leads
V-V, 2+0.7 mV (17.9%), and reduced R wave ampli-
tude in V,orV,<0.5mV (15.1%).

Criteria from the AHA/ACCF/HRS quidelines [6]
were identified in 102 (96.2%) patients with RVH, with
a mean of 3.6 criteria per patient. The most preva-
lent were: (RI+SIII) — (SI+RII) <15 mm (86.8%), the
combination SI+Qlll (34.9%), T-wave inversion in
leads A (32.1%), increased S wave amplitude in
V>3 mm (20.8%), and RV, +SV.~V,>10.5 mm (17.9%).
Combined use of all these criteria identified RVH in
102 cases (96.2%).

The least prevalent (less than 5% in the main group)
were: decreased R/S ratio in V,<0.4, decreased (R/S
in V5)/(R/S in V1) <0.04,R/S V, to R/S V, ratio<0.4, and
low R wave amplitude in V.-V, <3 mm.

Statistical analysis using the x? test revealed sig-
nificant differences between the main and control
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groups for 10 parameters: rightward QRS axis devia-
tion>100° ST-segment depression in leads V -V, re-
duced Rwave amplitude in V.~V <0.5 mV, increased
S wave amplitude in V.-V, 20.7 mV, tall R wave in
aVR>4 mm, QR-type QRS complex in V,, complete
right bundle branch block, S wave dominance over
R wave in leads I, II, and lll, the combination SI+Qlll,
and T-wave inversion in V -V..

Sensitivity, specificity, PPV, and NPV were calcu-
lated for each criterion. The results are presented in
three tables, which group the criteria according to
their electrophysiological basis: amplitude and volt-
age measurements in the chest leads (Table 1), R/S
ratio indices (Table 2), and limb-lead, axis, morpho-
logic, and repolarisation parameters (Table 3).

Among amplitude-based criteria in the precordial
leads eleven criteria (Table 1), sensitivity was gener-
ally low, exceeding 20% only for deep S waves in lead
Vv, (>3 mm; 20.7%) and the combined index RV, +SV,
2 1.05 mV (21.7%). Exceptions with particularly low
sensitivity (<5%) included decreased R-wave am-
plitude in V.-V, (<3 mm; 2.8%). Specificity in this
group was high throughout, ranging from 84.9%

(RV1+SV5v6>10.5 mm and RV +SV, 2 1.05 mV) to
99.0% (R V5v6<3 mm). PPV values varied widely, from
54.3% to 79.2%, whereas NPV remained in a narrow
range (50.5-53.7%).

The second group included eight indices derived
from R-to-S wave ratios in the precordial leads (Ta-
ble 2). Sensitivity was modest across all criteria in
this category, ranging from 0.94% for R/S ratio in
V,<0.4 and (R/S in VS)/(R/S in V1)<O-04 to0 17.9%
for R/S ratio in V| 2 1.0. In contrast, specificity was
uniformly high, reaching 100% for the two ratio
products [(R/S in VS)/(R/S in V1)<0.O4 and (R/S VS)/
(R/S V,)<0.4]. PPV for criteria with 100% specificity
approached 100%, while NPV remained close to 50%
for all criteria.

The third heterogeneous group of twelve criteria
(Table 3) demonstrated the widest spread of diag-
nostic value. The index (RI+SlIl) — (SI+RIIl)<15 mm
stood out with an exceptionally high sensitivity of
86.8%, but meanwhile had the lowest specificity
(19.8%). Aside from this outlier, sensitivity values
were generally low, ranging from 6.6% (P-wave am-
plitude in lead 11>2.5 mm) to 34.9% (SI+Qlll). The

Table 1
Diagnostic value of ECG Criteria for RVH derived from precordial leads
o Sensitivity, % Specificity, % PPV, % NPV, %
Criterion
(95% ClI) (95% CI) (95% CI) (95% CI)
RinV, >6 mm 12.3(6.7-20.0) | 90.6 (83.3-95.4) | 56.5(37.4-73.9) | 50.8 (48.4-53.1)
SinV,>10mm 5.7(2.1-11.9) | 96.2(90.6-98.9) | 60.0(30.4-83.8) | 50.5 (49.0-52.0)

Sin V6>3 mm

20.7 (13.5-29.7)

85.9(77.7-91.9)

59.5 (44.6-72.7)

52.0 (48.9-55.1)

SV,<2mm

9.4 (4.6-16.7)

92.5(85.7-96.7)

55.6 (33.9-56.9)

50.5 (48.5-52.6)

RV5’6<3 mm

2.8(0.6-8.1)

99.0 (94.9-99.9)

75.0 (24.1-96.6)

50.5 (49.6-51.4)

RVl + SV5v5> 10.5 mm

17.9(11.2-26.6)

84.9(76.7-91.1)

54.3 (39.3-68.6)

50.9 (47.9-53.8)

RV, + SV, 21.05 mV

21.7 (14.3-30.8)

84.9(76.7-91.1)

59.0 (44.6-71.9)

52.0(48.8-55.2)

RV, 20.7 mV

10.4 (5.3-17.8)

92.5 (85.7-96.7)

57.9 (36.6-76.7)

50.8 (48.7-52.9)

RinV,, V,<0.5mV

15.1 (8.9-23.4)

95.3(89.3-98.5)

76.2 (54.9-89.4)

52.9(50.6-55.1)

SinleadsV,,V,20.7 mV

17.9(11.2-26.6)

95.3(89.3-98.5)

79.2 (59.6-90.7)

53.7 (51.3-65.2)

Max RV1I2+ max S,
aVL—SV >6 mm

11.3(5.9-18.9)

92.5 (85.7-96.7)

60.0 (38.9-77.9)

51.0 (44.9-53.2)

Cl — confidence interval, NPV — negative predictive value, PPV — positive predictive value
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Table 2
Diagnostic value of ECG Criteria for RVH derived from R/S ratio indices
o Sensitivity, % Specificity, % PPV, % NPV, %
Criterion
(95% ClI) (95% CI) (95% CI) (95% CI)

R/SratioinV >1.0

17.0(10.4-25.5)

88.7 (81.1-94.0)

60.0 (43.2-74.7)

51.6 (48.9-54.4)

R/SratioinV, 2 1.0

17.9(11.2-26.6)

89.6 (82.2-94.7)

63.3 (46.4-77.5)

52.2 (49.5-54.9)

R/S ratio in V,<0.75 57(2.1-11.9) | 98.1(93.4-99.8) | 75.0 (38.3-93.6) | 50.9 (49.6-52.3)
R/S ratio in V< 0.4 0.9(0.02-5.1) | 99.1(94.9-99.9) | 50.0 (43.1-56.9) | 50.0 (49.3-50.7)
R:SinVy)/(R:Sin 0.9(0.02-5.1) | 100(96.6-100) | 100 (2.5-100) | 50.2 (49.8-50.7)
V1)<0.04

(R/SV,)/ (R/SV)<0.4 2.8(0.6-8.1) | 100(96.6-100) | 100(29.2-100) | 50.7 (49.9-51.5)

R/S ratio in V, >R/S ratio
in VZV4

13.2(7.4-21.2)

92.5 (85.7-96.7)

63.6 (43.4-80.0)

51.6 (49.3-53.9)

R/SratioinV,,V,<1.0

12.3(6.7-20.1)

93.4 (86.9-97.3)

65.0 (43.6-81.7)

51.6 (49.4-53.7)

R/SratioinV >1.0

17.0(10.4-25.5)

88.7 (81.1-94.0)

60.0 (43.2-74.7)

51.6 (48.9-54.4)

Cl — confidence interval, NPV — negative predictive value, PPV — positive predictive value

Table 3
Diagnostic value of limb-lead, axis, morphologic, and repolarisation ECG criteria for RVH
T Sensitivity, % Specificity, % PPV, % NPV, %
Criterion
(95% CI) (95% CI) (95% CI) (95% CI)
RaVR>4 mm 13.2(7.4-21.2) | 96.2(90.6-98.9) | 77.8 (54.4-91.1) | 52.6 (50.5-54.7)
RinaVR=0.5mV 9.4 (4.6-16.7) 96.2 (90.6-99.0) | 71.4 (44.7-88.5) | 51.5(49.7-53.3)

(RI+SII) — (SI+RIN) <15 mm

86.8 (78.8-92.6)

19.8(12.7-28.7)

51.9 (48.9-54.9)

60.0 (44.7-73.6)

11>2.5 mm

SI+Qlll 34.9 (25.9-44.8) | 82.1(73.4-88.9) | 66.1 (54.6-76.0) | 55.8 (51.7-59.8)
S>Rinl, I, Il 7.6(3.3-14.3) | 100(96.6-100) | 100 (63.1-100) | 52.0 (50.6-53.3)
Marked right QRS axis

doviation (> 1009 8.5(4.0-15.5 | 100(96.6-100) | 100 (66.4-100) | 52.2 (50.8-53.7)
P-wave amplitude in lead 6.6 (2.7-13.5) | 96.2(90.6-99.0) | 63.6 (34.6-85.3) | 50.8 (49.2-52.3)

Intrinsicoid deflection
inV,>0.035s
(QRS duration<0.12s)

11.3(6.0-18.9)

83.0 (74.5-89.6)

40.0 (25.3-56.8)

48.4 (45.6-51.1)

QR-type QRS in V,

12.3(6.7-20.1)

99.1 (94.9-99.9)

92.9 (63.4-99.0)

53.0(51.2-54.9)

RSR’in lead V,
(QRS duration>0.12s)

17.9(11.2-26.6)

93.4 (86.9-97.3)

73.1 (54.4-86.1)

53.2(50.7-55.8)

T-wave inversionin V -V,

32.1(23.3-41.8)

93.4 (86.9-97.3)

82.9 (69.3-91.3)

57.9 (54.4-61.3)

Cl — confidence interval, NPV — negative predictive value, PPV — positive predictive value
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highest sensitivity (>30%) was observed for T-wave
inversion in V -V, (32.1%) and SI+QIll (34.9%), both
of which maintained high specificity (93.4% and
82.1%, respectively). Four criteria achieved specificity
of 100%: S>R in leads I, II, Ill, marked right QRS axis
deviation>100°, (R/S VS)/(R/S V1)50-4' and ST seg-
ment depression in V -V _; their sensitivity, however,
did not exceed 13.2%. PPV in this group was highly
variable (40.0-100%), while NPV showed a modest
elevation for T-wave inversion in V-V, (57.9%) and
for (RI+SIII) — (SI+RIII) <15 mm (60.0%).

Across all three tables, mean sensitivity of the ana-
lyzed criteria was 14.6% (+14.9), and mean specific-
ity was 90.8% (+14.3). PPV for individual ECG criteria
ranged from 40.0% to 100%, whereas NPV remained
in a narrow interval (48.4%—60.0%). The highest NPV
levels were noted for (RI+SIIl) — (SI+RIIl) <15 mm
(60.0%) and for T-wave inversion in V-V, (57.9%).
The criterion (RI+SllI) — (SI+RIll) <15 mm substan-
tially diverged from the rest, combining the highest
sensitivity with the lowest specificity and a relatively
favourable NPV. The overall pattern confirmed that
the majority of ECG signs of RVH possess high specific-
ity but limited sensitivity.

DISCUSSION

This study has found that the majority of the ECG
criteria for RVH have low sensitivity and high specific-
ity in a sample of patients from St. Petersburg. These
results are consistent with the findings from large-
scale international studies. For example, in the Multi-
Ethnic Study of Atherosclerosis (MESA) [7], which in-
cluded 4062 participants without clinically manifest
cardiovascular disease, traditional ECG criteria also
demonstrated high specificity (295%) but low sensi-
tivity (< 10%) for detecting RVH diagnosed by cardiac
magnetic resonance imaging.

Among residents of Saint Petersburg, the highest
sensitivity was observed for the criteria classified as
“additional” in the AHA/ACCF/HRS guidelines [6]: the
combination of SI+Qlll (34.9%) and T-wave inversion
in leads V-V, (32.1%). Previously, it was assumed that
the most reliable ECG signs of RVH were changes in
QRS morphology and R- and S-wave amplitudes in
the precordial leads [5,12]. Several amplitude-based
criteria also showed relatively high sensitivity: deep S

waves in V>3 mm (20.75%) and RV, +SV, 2 1.05mV
(21.7%). These findings are consistent with those re-
ported by Butler et al. for patients with mitral stenosis
[12].

The criterion (RI+SIII) — (SI+RIII)< 15 mm, which
showed the highest sensitivity (86.8%) and low speci-
ficity (19.8%), raises doubts about its diagnostic use-
fulness and indicates the need for further research
to determine its clinical applicability. Similar findings
have been reported previously by Whitman et al. in
the MESA-RV study, who found a sensitivity of 80.4%
and a specificity of 16.8% for this criterion [13]. An
alternative approach to using this criterion has been
suggested [14], but the current guidelines have not
altered its formulation.

The remaining ECG criteria for right ventricular hy-
pertrophy in the Saint Petersburg sample had a high
specificity (over 80%), which is consistent with the re-
sults from studies in other populations [12, 13]. These
criteria also had high PPV values, while NPV showed
a narrower range. The diagnostic criteria presented
in the National Guidelines on Functional Diagnostics
[2] also exhibited high specificity and low sensitivity;
however, differences in wording prevent direct com-
parison of their diagnostic performance with inter-
national data.

STUDY LIMITATIONS

The single-center design, retrospective nature, and
a relatively small sample size limit the generalizability
of the results to the broader population and may in-
troduce certain sources of bias. Potential differences
in comorbidities between the groups may affect the
diagnostic performance of ECG criteria, as various un-
derlying conditions (chronic obstructive pulmonary
disease, pulmonary hypertension, congenital heart
defects) can influence electrophysiological changes
differently.

CONCLUSION

For individual electrocardiographic criteria used to
diagnose right ventricular hypertrophy among resi-
dents of St. Petersburg, sensitivity ranged from 0.94%
to 86.8%, specificity ranged from 19.8% to 100%, posi-
tive predictive value ranged from 40% to 100.0%, and
negative predictive value ranged from 48.4% to 60.0%.
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Four criteria demonstrated 100% specificity: S>Rin
leads I, II, lll; marked right QRS axis deviation (>100°);
(R/S VS)/(R/S V1)50.4; and ST depression in leads V-
V., however, their sensitivity ranged from 2.8% to
13.2%. Their PPV reached 100%, allowing confident
rule-in of RVH when present. Therefore, the presence
of any of these signs strongly confirms RVH and can
be used as a bedside rule-in tool. The QR pattern in
lead V,, with a specificity of 99.1% and a PPV of 92.9%,
may serve as an additional high-specificity marker.

The criterion (RI+SlIl) — (SI+RII)< 15 mm had a low
specificity of 19.8% and a positive predictive value
of 51.9%, indicating the need for further investiga-
tion into its usefulness for diagnosing right ventricular
hypertrophy.

Given the uncertain utility of the Lewis index, to
confidently rule out RVH, a combination of three cri-
teria with the highest sensitivity should be considered:
SI+QIlll (34.9%), T-wave inversion in V-V, (32.1%),
RV +SV,21.05mV (21.7%). The absence of all three
signs in a patient with a low pre-test probability of
RVH provides a reasonable rule-out.

Future research could include the prospective vali-
dation of proposed criteria combinations, the devel-
opment of machine-learning algorithms that combine

REFERENCES | JIMTEPATYPA

multiple ECG parameters, and an evaluation of how
different etiological factors affect the magnitude of
ECG signs of right ventricular hypertrophy.

Funding: The authors declare no funding.

Conflict of interest: The authors declare no conflict
of interest.

Compliance with ethical standards: The study com-
plied with ethical standards, including the Declaration
of Helsinki (as amended in 2000) and the “Rules of
Clinical Practice in the Russian Federation” (Order of
the Ministry of Health of the Russian Federation No.
266 dated June 19, 2003). All participants provided
informed consent and consent to the processing of
personal data.

Authors’ contributions: A.V.T. and A.A.B. conceived
and designed the study. U.V.V., A.Sh.A., and D.V.B. col-
lected the data. A.V.T. analyzed and interpreted the
data. A.V.T. and A.A.B. drafted the manuscript. U.V.V.,
A.Sh.A., and D.V.B. critically revised the manuscript for
important intellectual content. All authors read and
approved the final manuscript.

Use of Al: Artificial intelligence was not used in the
preparation of the article.

Lytkina VS, Matyushin GV, Kuzhel DA. Modern approaches to the assessment of right ventricular function.
Sib Med Rev. 2014;(2):52-57. (In Russ.). DOI: 10.20333/25000136-2014-2-52-57. EDN: SCFGAX

Beresten NF, Sandrikov VA, Fedorova SI, eds. Funktsionalnaya diagnostika: natsionalnoe rukovodstvo
[Functional Diagnostics: National Guidelines]. Moscow: GEOTAR-Media; 2019. (In Russ.).

Oldfield CJ, Duhamel TA, Dhalla NS. Mechanisms for the transition from physiological to pathological
cardiac hypertrophy. Can J Physiol Pharmacol. 2020;98(2):74-84. DOI: 10.1139/cjpp-2019-0566. EDN:
USCOGC

Llucia-Valldeperas A, de Man FS, Bogaard HJ. Adaptation and maladaptation of the right ventricle in pul-
monary vascular diseases. Clin Chest Med. 2021;42(1):179-194. DOI: 10.1016/j.ccm.2020.11.010. EDN:
NGBXAR

Murashko VV, Strutynskiy AV. Elektrokardiografiya: uchebnoe posobie [Electrocardiography: A Textbook].
19th ed. Moscow: MEDpress-inform; 2019. (In Russ.).

Hancock EW, Deal B], Mirvis DM, et al. AHA/ACCF/HRS recommendations for the standardization and
interpretation of the electrocardiogram: part V: electrocardiogram changes associated with cardiac cham-
ber hypertrophy: a scientific statement from the American Heart Association Electrocardiography and
Arrhythmias Committee, Council on Clinical Cardiology; the American College of Cardiology Foundation;
and the Heart Rhythm Society. J Am Coll Cardiol. 2009;53(11):992-1002. DOI: 10.1016/j.jacc.2008.12.015
Kawut SM, Barr RG, Lima JA, et al. Right ventricular structure is associated with the risk of heart failure and

www.jscientia.org



2026 | Tom 12 | N2 2

Juvenis Scientia 39

10.

11.

12.

13.

14.

cardiovascular death: the Multi-Ethnic Study of Atherosclerosis (MESA)-right ventricle study. Circulation.
2012;126(14):1681-1688. DOI: 10.1161/CIRCULATIONAHA.112.095216

Di Mauro M, Scrofani R, Antona C, et al. Right ventricular assessment can improve prognostic value of
Euroscore Il. J Card Surg. 2020;35(7):1548-1555. DOI: 10.1111/jocs.14672. EDN: TWISEB

Kuznetsov VA, Yaroslavskaya El, Pushkarev GS, et al. Dilatation of the right ventricle in patients with coro-
nary heart disease without myocardial infarction (according to the “Register of Coronary Angiography
Operations”). Ter Arkh. 2015;87(9):34-38. (In Russ.). DOI: 10.17116/terarkh201587934-38. EDN: VINTCV
Sakhnova TA, Blinova EV, Ryabykina GV, et al. Type of QRS complex as an indicator of the severity of car-
diac damage in patients with pulmonary hypertension. Kardiologicheskiy Vestnik. 2020;15(2):37-45. (In
Russ.). DOI: 10.36396/MS.2020.82.98.006. EDN: ZOYWHX

Drozdov DV, Makarov LM, Barkan VS, et al. Registration of resting electrocardiogram in 12 gener-
ally accepted leads for adults and children 2023. Methodological recommendations. Russ J Cardiol.
2023;28(10):5631. (In Russ.). DOI: 10.15829/1560-4071-2023-5631. EDN: JAVUIL.

Butler PM, Chaitman BR, Bobba R, et al. Identification of electrocardiographic criteria for diagnosis of right
ventricular hypertrophy due to mitral stenosis. Am J Cardiol. 1986;57(8):639-643. DOI: 10.1016/0002-
9149(86)90850-7

Whitman IR, Patel VV, Soliman EZ, et al. Validity of the surface electrocardiogram criteria for right
ventricular hypertrophy: the MESA-RV study. J Am Coll Cardiol. 2014;63(7):672-681. DOI: 10.1016/j.
jacc.2013.09.056

Madias JE. Would a modified Lewis index be more specific, without marked reduction of sensitivity, in ECG
diagnosis of RVH?. J Am Coll Cardiol. 2014;64(7):738-739. DOI: 10.1016/j.jacc.2014.04.066.

AUTHORS | ABTOPbI

P} Alexey V. Tregubov, Candidate of Medical

A Tpeaybos Anekceli BukmopoBud, KaHoupat

Sciences, Senior Researcher, Saint Petersburg State
University; North-Western State Medical University;
ORCID: 0000-0002-9118-5850; email: altregubov@
mail.ru.

Alena A. Basina, 2™-year resident, Saint Petersburg
State University; ORCID: 0009-0000-0087-8807.

Ulyana V. Voronina, Candidate of Medical Sciences,
Associate Professor, Saint Petersburg State University;
Head of the Department of Functional Diagnostics,
Saint Petersburg City Consultative and Diagnostic
Center No. 1; ORCID: 0009-0006-1167-6358.

Aishat Sh. Ablezova, Functional Diagnostics Physician,
Saint Petersburg City Consultative and Diagnostic
Center No. 1; ORCID: 0009-0001-3965-2482.

MEeOWLMHCKUX HayK, CTaplwuil HayYHbI COTPYOHMK,
CaHkT-lNeTepbyprckuii rocynapcTBEHHbI YHUBEPCK-
TeT; CeBepo-3anafHblii roCyAapCTBEHHbI MeaANLNH-
cKui yHuBepcuTeT umenun UN.N. MeyHukoBa; ORCID:
0000-0002-9118-5850; email: altregubov@mail.ru.

bacurHa AnéHa AnekceeBHa, opanHaTop 2 rona obyye-
Hus, CaHkT-MeTepbyprckuii rocynapCTBEHHbIA YHK-
BepcuteT; ORCID: 0009-0000-0087-8807.

BopoHuHa YnbsiHa BukmopoBHa, kaHAvAaT Mepu-
UMHCKMX  Hayk, poueHT, CaHnkT-MeTtepbyprckuii
rocyAapCTBEHHbIN YHUBEPCUTET; 3aB. OTAENEeHWEM
dYHKUMOHANbHOM ANarHocTMkn, flopoacKowm KOHCYMb-
TaTuBHO-AMarHoctuyeckuin ueHtp Ne 1; ORCID: 0009-
0006-1167-6358.

AbnesoBa Alwam LlupBaHueBHa, Bpay QyHKUMO-
HanbHOW AMArHOCTMKK, [OPOACKON KOHCYNbTaTUBHO-
ouarHoctnyeckmii ueHtp Ne 1; ORCID: 0009-0001-
3965-2482.

www.jscientia.org



40 Juvenis Scientia 2026 | Vol. 12 | No. 2

Denis V. Bugagin, Head of the Ultrasound Diagnostics byzaeuH [eHuc BnadumupoBudY, 3aB. oTAeNieHVeMm

Department, Functional Diagnostics Physician, Saint ynbTpasBykoBoW AMAarHOCTWKW, Bpady GyHKUMOHASb-

Petersburg City Consultative and Diagnostic Center Hoi gmarHocTuku, fopoacKoW KOHCYNbTaTUBHO-AMA-

No. 1; ORCID: 0009-0005-1390-9058. rHocTtuyeckmit ueHTp Ne 1; ORCID: 0009-0005-1390-
9058.

Noctynuna B pegakuymio: | Received: 06.03.2026
Noctynuna nocne popabotku: | Revised: 22.04.2026
MpuHata: | Accepted: 24.04.2026

www.jscientia.org



