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ABSTRACT

Aim. To perform external validation of a multivariate model for predicting the risk of death in patients with an
implantable cardioverter — defibrillator (ICD) in an independent sample.

Materials and methods. The group for model development included 260 patients from the Implantable Cardiover-
ter — Defibrillator Patient Registry who had an ICD implanted between 2015 and 2019. External validation of the
model was carried out in an independent, prospective, observational cohort study of patients from the same registry,
in whom an ICD was implanted between 2020 and 2021, a total of 94 patients, median age 66 (52;73) years, 73
(77.6%) men, 21 (22.4%) women. In 89 (94.7%) patients, an ICD was implanted for primary prevention of sudden
cardiac death. Following a telephone survey and examination of medical records from hospital and clinic databases,
data on the vital status (alive / dead) and causes of death were obtained during a 2.5-year follow-up. The actual and
predicted mortality from the estimated multivariate model were compared.

Results. During the follow-up, a total of 26 (27.7%) patients died in the external validation group, which was
comparable to the development group (p > 0.05). In the group of deceased, 15 (57.7%) people developed acute
decompensated heart failure, 4 (14.8%) had myocardial infarction, 6 (23.1%) had pneumonia caused by a new
coronavirus infection, and one (3.8%) patient died due to an infectious complication.

The diagnostic accuracy of the multivariate model for predicting the risk of death in patients with ICD in an
independent sample was sufficient (the area under the curve (AUC) of the created model was 0.8). The sensitivity
of the model was 76.2%, specificity — 76.1%. Previously, in the development cohort, AUC of the created model
was 0.8, the sensitivity of the model was 75.7%, and the specificity was 80%. Model significance did not differ
significantly between the development and external validation groups (p = 0.102, McNeil test).

Conclusion. The multivariate prediction model has sufficient statistical power to predict the risk of long-term death
after ICD implantation, which was externally validated.
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PE3IOME

Hens. Bremnssa Banuganus MHOro(aKTOPHOK MOJIEH MIPOTHO3UPOBAHHS PHCKA CMEPTH Y TAIMEHTOB C UMILIAH-

TUPOBAHHBIM KapanosepTepoM-aedudpmmmaropom (MK/) Ha He3aBUCHMOI BEIOOPKE.

MarepuaJjbl u MeToabl. ['pymnma pa3padotku Moaenu Oblia npeacrasiaeHa 260 nanuenramu u3 Kysbdacckoro pe-
THCTPa MALUeHTOB C MMIUIAHTHPOBAHHBIM KapHOBEpTepOM-AehuOprLIsiTopoM, KotopbiM MK/ 6bu1 UMILIAHTH-
poBau B iepuoj ¢ 2015 o 2019 r. BuewHss Banuganus MOACIH MPOBEICHA B KOrOPTE HE3aBUCUMOIO MPOCIIEK-
TUBHOT'O HaOJIIO/ICHNUS IALEHTOB M3 3TOr0 e peructpa, koropbim K] 6sut nmmiantuposan B nepuox ¢ 2020
no 2021 r., Bcero 94 nanuenra, Mmeauana Bospacra 66 (52;73) ner, 73 (77,6%) myxuun, 21 (22,4%) xeHiuHa.
VY 89 (94,7%) natmentos UK/I 6bu1 MMIUIAaHTHPOBAH C LIEJIbIO EPBUYHON POQHUIAKTUKY BHE3AITHOU CepACUHON
cmepru. [lyrem TenedoHHOro omnpoca, M3y4eHUs] MEAULIMHCKON JOKYMEHTALMK 0a3 JaHHBIX CTAllMOHAPOB U I10-
JIMKJIMHHUK ObUIM MOJTy4YEeHBI JAHHBIC O CTATYCE «OKHB/yMep» U O IPUYMHAX CMEPTH B TeUEHHE 2,5 JIeT HaOIIIoIeHNSI.

CpaBHuBas1ach (haKTHUECKas U MPOrHO3UPYEMas IO OLCHUBAEMO# MHOTO(GAKTOPHON MOJIEINA CMEPTHOCTb.

Pe3yabTaTtsl. 3a epros HAOIIOASHNS B IPYIIIe BHEIIHEH BaTUAAIIMN Beero ymepin 26 (27,7 %) manueHToB, 4To
OBIIO COMIOCTABMMO ¢ TPyMIIOH pa3paboTku (p > 0,05). B rpynne ymepmmx y 15 (57,7%) pazBunack octpast 1eKOM-
HeHCaIys CepAeIHON HeocTaTouHoCTH, ¥ 4 (14,8 %) ycranosieH nHpapKT Muokapaa, y 6 (23,1%) — maeBMoHUs,
BBI3BaHHAsI HOBOM KOpOHaBHpYyCcHOH nHpekumei, 1 (3,8%) manuenT ymep u3-3a HHPEKIHOHHOTO OCIOKHEHHSI.

Jlmaraoctudeckasi TOYHOCTh MHOTO()AKTOPHOM MOJIENTH MPOTHO3UPOBAaHMs pUcka cMepTH y nmanuentos ¢ MK/ Ha
HEe3aBHCUMOH BBIOOpKe Obl1a mocratouHoi (mwromans nog ROC-kpusoit (AUC) coznaHHON MOAETH COCTaBHiIa
0,8). UyBCTBUTENILHOCTh MOZIENH cOcTaBmIa 76,2%, crienuduanocts — 76,1%. Panee Ha koropte pa3paboTKu miIo-
manaps nox ROC-kpusoii (AUC) co3panHoit Mogenu coctaBmia 0,8; 9yBCTBUTEIBHOCTE Moaenu — 75,7%; crenu-
¢rarocTh — 80%. 3HAYMMOCTH MOZEINH B IPYIIAX Pa3pabOTKH U BHEIIHEH BaIWIAINN CYIIECTBEHHO HE OTJIMYA-

nack (p = 0,102, Tect McNeil).

3akioyenue. MHOroakTopHast MOJIeIIb IPOrHO3UPOBaHUS 00J1a/laeT JOCTATOYHON CTATUCTHYECKOH MOLITHOCTBIO
JUIsL TIPOTHO3UPOBAHUS PUCKA CMEPTH B OTHAICHHOM nepuozae nocie uMmiantauuu VIKJI, 4to moaTBepxaeHo

BHEITHEW BaMaaIue.

KiroueBble cji0Ba: IMILTAaHTHPYEMBI KapANOBEPTEP-AePUOPHILIATOP, CepAeUHast HEJOCTaTOUHOCTh, ITIPOTHOCTH-

gecKas MOAECIb, CMEPTH, BaJlu AU

KOHq).]Il/lKT HHTEPECOB. ABTOpLI JACKIIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,

CBA3aHHBIX C Hy6J’IPIKaHPIeI71 Hacrosnueﬁ CTaTbHU.

Hcrounuk ¢punancupoBanusi. Pabora BemonHeHa B pamkax ¢yHmamentansHOi Temsl HUW KIICC3 «Paspa-
60TKa MHHOBALMOHHBIX MOJEJeil YIPABICHUS PUCKOM pa3BUTHUs OONE3HEH CHCTEMbl KPOBOOOpAILCHHS C yde-
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TOM KOMOp6I/I)1HOCTI/I Ha OCHOBC HU3YUYCHUS d)yHﬂaMeHTaIlele, KIIMHUYCCKHX, SITUACMHOJIIOTHYCCKUX MCXaHU3-
MOB M OpraHHU3allMOHHBIX TEXHOJIOT U Me}ll/I]_II/IHCKOI\/'I TMIOMOIIH B yCJIOBUAX IPOMBIIIJICHHOI'O pETUOHA CI/IGHpI/I»

(Ne rocpeructparuu 122012000364-5 ot 20.01.2022).

CooTBeTcTBHE MPUHIMIAM 3THKHU. Bee nnia moanucani nHGOPMUPOBAHHOE COTJIACHE HA y4acTHE B UCCIEIO-
Banuu. MccnenoBanue ogo0peHo tokabHbIM dTHdeckuM komuteToM KIICC3 (mpotokon Ne 1 ot 26.01.2015).

Jns nuruposanus: Jieoenesa H.B., [Tapdenos I1.I., Erne A.I1., MBanos B.I., 'anunres FO.B., Kamranan B.B.,
bap6apau O.JI. BHewnsis Banugaiust MHOro(pakTOpHOH MOJIENIM IPOTHO3UPOBAHUS PUCKA CMEPTH Y NAIIUEHTOB C
XPOHHUYECKOH CepICYHON HEJOCTATOUHOCTBIO U UMIUIAHTUPOBAHHBIM KapAHOBEPTEPOM-IehuOpmILIsTOpOM. bro-
semens cubupckoti meouyunnl. 2024;23(2):74-82. https://doi.org/10.20538/1682-0363-2024-2-74-82.

INTRODUCTION

According to recent data, the prevalence of severe
chronic heart failure (CHF) in Russia has increased to
8.2% [1]. Low left ventricular ejection fraction (LVEF)
is one of the main predictors of the development of
life-threatening ventricular arrhythmias (VA) and the
associated high risk of sudden cardiac death (SCD)
[2]. Current clinical guidelines for the prevention of
SCD consider LVEF lower than 35% as the main
indication (class la evidence) for implantation of
a cardioverter — defibrillator (ICD) for primary
prevention of SCD [1, 3].

Therefore, the need for ICD for SCD prevention is
very high. However, despite a steady increase in the
number of ICDs implanted, Russia occupies last places
in European ratings in the availability of interventional
treatment for cardiac arrhythmia in the regions [4]. On
the other hand, data from clinical practice indicate that
patients with low LVEF are more likely to die from
acute decompensated heart failure than from other
causes, including SCD [5]. Thus, a prediction model
that can assess mortality risk in patients with low
LVEF before ICD implantation will help implement a
patient-oriented approach to selecting patients for this
type of medical care.

Clinical prognosis is based on available clinical
data and the use of modern statistical methods and
allows specialists to assess the risk of developing an
event, making it an important area of research with a
clear practical purpose. In this regard, in the medical
field in general and in cardiology, in particular, an
exponential growth in the number of prediction
models has been seen. However, not all developed
models undergo external validation. Thus, it was
shown that out of 1,366 different models for predicting
cardiovascular diseases, only 43.4% provided data
on external validation [6]. Moreover, only single
externally validated models have proven their clinical

effectiveness by demonstrating that their use leads to
improved results for patients and doctors.

The aim of this study was to perform external
validation of a multivariate model for predicting the
risk of death in patients with ICD in an independent
sample.

MATERIALS AND METHODS

A multivariate prognostic model for determining
the risk of nonarrhythmic death in patients with CHF
and ICD was developed and internally validated as a
result of a single-center, observational, prospective
study based on data from the Kuzbass ICD Patient
Registry. The registry consistently included all patients
of the Kemerovo region who had ICD implanted from
2015 to 2019 and reached a total of 264 patients. The
development of the registry and the informed consent
form were approved by the local Ethics Committee
and complied with the ethical principles of the
Declaration of Helsinki. All study participants signed
an informed consent upon admission to the hospital.
When maintaining the registry, all the requirements
of the Federal Law No. 152-FZ of 07.27.2006 “On
Personal Data” were met.

The mean age of the patients included in the
development group was 59 (53; 66) years, 214 (82.3%)
were men, 28 (10.8%) were working. All patients were
diagnosed with CHF. Median LVEF was 30 (25;36)%.
A total of 158 (60.8%) patients received ICD for
SCD prevention. Prior to ICD implantation, only 122
(46.9%) patients received triple combination therapy
(renin — angiotensin — aldosterone system blocker
(RAAS), mineralocorticoid receptor antagonist
(MCRA), beta-adrenergic blocker (BAB)), according
to the relevant clinical guidelines for the treatment of
CHF.

To determine the most significant predictors of
death during the follow-up period, a step-by-step
logistic regression analysis with the inclusion of
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the most important variables was performed (all
variables can be assessed during patient screening),
and prognostic models were developed for the risk of
death, composite endpoint, and CHF progression. The
regression equation was as follows: y = a + bl x x1
+ b2 x x2 +...bi x xi, where y is a dependent variable
that can have two values: 0 — no event, 1 — event; a —
constant; bi — regression coefficients; Xi — variables.

The probability of the event P was calculated
according to the formula: P = 1/ (1 + eV), where
P is predictive probability, e — exponent, whose
approximate value equals to 2.718.

The verification of the null hypothesis regarding
the validity of the model was carried out using the
Hosmer — Lemeshow test; p > 0.05 indicated the
validity of the model.

Following the development of the model, the
qualitative assessment of the predictive probability of
an event was conducted. When predicting death, the
cut-off value was 0.2; for other events, it was 0.5.

Initially, the model included factors that had
significant differences in comparison assessments. The
parameters obtained during the model development
using step-by-step regression are presented in Table 1.

Table 1

Regression coefficients used in the model for predicting the risk of low-term mortality (4 years) in patients with an implanted
cardioverter — defibrillator

Parameter Variables in the equation
B Standard error Wald df Significance Exp (B)
P(PA) mmHg, X1 0.049 0.014 12.696 1 0.000 1.050
NYHA, X2 1.312 0.353 13.854 1 0,000 3.715
Type of prevention of SCD, X3 —-1.396 0.370 14.203 1 0.000 0.248
Age, X4 0.054 0.017 9.596 1 0.002 1.055
RAAS + BAB+ MCRA, X5 1.244 0.380 10.737 1 0.001 3.470
BAB, X6 -1.626 0.681 5.701 1 0.017 0.197
Constant —5.691 1.336 18.145 1 0.000 0.003

Note. P (PA)—systolic pressure in the pulmonary artery, NYHA — functional classification of heart failure proposed by New York Heart Association.

The probability of death was calculated as follows:

P: 1/(1 + 2 7187(75.69l+0.049><X1 +1.312 x X2 - 1.396 x
X3+0.054 x X4 +1.244 x X5 — l.626><X6)) X 100%

P above 28% indicated a high risk of death.

Thus, the developed prediction model takes into
account systolic pulmonary artery pressure above
45 mm Hg (p = 0.000), NYHA functional class
(» =0.000), type of SCD prevention (p = 0.000), triple
combination therapy for CHF (p = 0.001), and therapy
with BAB (p = 0.017). During internal validation, the
Hosmer — Lemeshow test value for this model was x2
=4.210, p=0.838, area under the curve (AUC) for the
model was 0.8, sensitivity was 80%, and specificity
was 75.7%, which indicated a high predictive
ability. The model appears as a computer program
for Microsoft Windows 9x / NT / 2000 / Vista, 7, 8
operating systems entitled “Calculator of mortality
risks in patients with an implanted cardioverter —
defibrillator” [7].

In order to externally validate this prediction model
on an independent sample, 94 patients hospitalized
at the Research Institute for Complex Issues of
Cardiovascular Diseases for ICD implantation

in 2020-2021 were included in a single-center,
prospective study. The mean age of the patients was
66 (52; 73) years, 73 (77.6%) were men, 21 (22.4%)
were women, 16 (17%) patients were still working.
The comparative clinical characteristics of the groups
and external validation of the model are presented in
Table 2.

We assessed the risk of long-term mortality after
ICD implantation in all patients using the developed
model [7]. After that, we conducted a prospective
follow-up with annual accumulation of data regarding
the vital status of patients and causes of death. The
follow-up period was 2.5 years.

Statistical processing of the results was carried
out using the Statistica 10.0 (StatSoftlnc., USA)
and SPSS Statistics ver.23.0 (IBM, USA) software
packages. The normality of data distribution was
checked using the Shapiro — Wilk test. The Student’s
t-test was used to compare continuous variables with
normal distribution; for the non-normally distributed
data, the nonparametric Mann — Whitney U test was
used. Discrete variables were compared using the 2
test with the Yates correction. In case the number of
variables was too small in one of the compared groups
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(5 or less), the Fisher’s exact test was applied. The
data were presented as the median and the interquartile
range Me (Q,,; O,,) and as the absolute and relative
values n (%). The differences were considered
statistically significant at p < 0.05.

External validation was performed using the ROC
analysis. By constructing curves, we analyzed the
diagnostic accuracy of the model. Sensitivity and
specificity were calculated for each diagnostic criterion.
The diagnostic significance in different groups was
compared by AUC values using the McNeil test. The
classification and compliance assessment with actual
events was performed using the Hosmer — Lemeshow
test. The model was considered as adequate in the
absence of significant differences (p > 0.05).

RESULTS

Comparative characteristics of the development
and validation groups are presented in Table 2.

Table 2
Baseline clinical and anamnestic characteristics of the groups,
n (%)
Development, Extt;eorrlllal valida-
Parameter N=260, group,
2015-2019 N=94,
2019-2020
Men 214 (82.3) 73 (77.6)
Age, years, Me (Q,; O,,) 59 (53; 66) 66 (52; 73)
Still working 28 (10.8) 16 (17)*
CAD 194 (74.6) 76 (80.8)
PICS 156 (60) 58 (61.7)
Non-coronary diseases 66 (25.4) 18 (19.2)
LVEF, %, Me (Q,; Q. 30 (25; 36.5) 29.5 (24;37)
All types of AF 106 (40.8) 41 (43.6)
NYHA I-I 179 (68.8) 44 (46.8)*
NYHA II-1V 81 (31.2) 50 (53.2)*
Primary prevention of SCD 158 (60.8) 89 (94.7)*

Note. CAD - coronary artery disease, PICS — post-infarction
cardiostenosis, AF — atrial fibrillation, N — number of patients. * p <
0.01.

The patients were comparable in gender, age, and
etiology of CHF and LVEF. The external validation
group had more severe cases of HF, and the majority of
patients received ICD for SCD prevention (Table 2).
Considering the fact that optimal drug therapy
for CHF was an important prognostic factor, we
carried out a comparative analysis of drug therapy
in the development and external validation groups
(Table 3)

Table 3

Frequency of prescription of drug therapy for heart failure
prior to ICD implantation, n (%)

Drug Development group, External validation
N=260 group, N =94
ACEI 164 (57.3) 56 (59.5)
ARBs* 41 (14.3) 36 (38.2)
ARNI* 5(1.7) 14 (14.9)
BAB 259 (90.6) 87 (92.5)
MCRA* 167 (58.4) 65 (69.1)
Amiodarone 144 (50.3) 54 (57.4)

Note. ACEI — angiotensin-converting enzyme inhibitor, ARB —
angiotensin receptor blocker, ARNI-angiotensin receptor — neprilysin
inhibitor, N — number of patients. * p <0.01.

When comparing the drug therapy received before
ICD implantation, it turned out that patients in the
validation group were prescribed MCRA and RAAS
inhibitors more often. However, only 122 (46.9%)
patients in the development group and 49 (52.1%)
patients in the validation group received triple
combination CHF therapy (p < 0.05).

During the follow-up period, 54 patients died in
the development group, and 4 patients were lost to
follow-up and considered as dead; thus, the mortality
rate in the group was 21.9%. Among these patients,
19 (35.2%) patients died in hospital, of which 3
(17.6%) had myocardial infarction, 1 (5.9%) had
stroke, 13 (76.5%) died due to CHF and 2 (3.7%)
died from pneumonia caused by novel coronavirus
infection. Thirty-five (64.8%) patients died outside
hospital, they suffered acute decompensated HF,
and the cause of death was the underlying disease:
10 (27%) had dilated cardiomyopathy, 1 (2.8%) had
rheumatic heart valve disease, and the remaining
24 (68.6%) had ischemic cardiomyopathy. The vast
majority of deaths occurred in the first 1.5 years of
the follow-up.

During the 2.5-year follow-up, 26 (27.7%) deaths
were recorded in the external validation group, which
is comparable to the development group (p > 0.05).
Among the deceased patients, 15 (57.7%) developed
CHF, 4 (14.8%) had myocardial infarction, 6 (23.1%)
had pneumonia caused by novel coronavirus infection,
and 1 (3.8%) patient died due to an infectious
complication (sepsis).

The prognostic value of the developed model in the
external validation group proved to be high (Figure).

The Hosmer — Lemeshow test for this predictive
model was the following: ¥2 = 4.210; p = 0.838.
During the ROC analysis, AUC of the model was
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0.8, indicating high predictive ability. Sensitivity of
the model was 76.2%, and specificity was 76.1%. All
these parameters confirmed the validity of the model.

The diagnostic value of the model in the
development and external validation groups did not
differ significantly (p = 0.102, McNeil test).
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Figure. ROC curve for assessing mortality risk in patients with an implanted cardioverter — defibrillator in the external validation
group
Table prediction models for application in clinical practice

Classification table

becomes relevant.

Predicted The MADIT-II risk score, intended for

Patients Death Percentage of correct stratification of benefits of ICD implantation,

0 1 predictions, % includes eight predictors of the development of VA

Death 0 143 | 45 76,1 (male, age < 75 years, history of unstable ventricular
1 15 | 48 76,2 tachycardia, heart rate >75 beats / min, systolic

Total percentage 76,1 blood pressure < 140 mmHg, LVEF < 25%, history

Cut-off value was 0.280.

DISCUSSION

The data obtained in this study confirm that
patients with low LVEF, including patients with
ICD, die from CHF more frequently [8]. Currently,
much attention is being paid to the issue of residual
high mortality in patients with ICD and the search
for predictors that would help identify ICD patients
at high-risk of adverse outcomes [9-12]. In this
regard, the possibility of predicting the risk of
death becomes necessary when considering ICD
implantation. In this context, the development of

BlonneteHb cMbpckon MeguuuHbl. 2024; 23 (2): 74-82

of myocardial infarction and atrial arrhythmia) and
seven predictors of nonarrhythmic death (age > 75
years, diabetes mellitus, body mass index > 23 kg / m?,
LVEF < 25%, NYHA class > II, ICD instead of
cardiac resynchronization therapy, atrial fibrillation,
the level of the brain natriuretic peptide (BNP), and
the duration of the QRS complex) [13]. Based on
the combined analysis of these predictors, scientists
developed a model for an individual assessment of a
risk of developing VA compared to nonarrhythmic
death. However, this scale was developed using data
from studies conducted more than 20 years ago,
its application is limited to patients with ischemic
cardiomyopathy only, and the scale has not been
validated in the Russian population.
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Prior studies on the use of ICD are mainly
aimed at determining the risk of developing VA
and inappropriate ICD shocks in patients with CHF.
Prospective Observational Study of Implantable
Cardioverter — Defibrillators (PROSE-ICD) is one
of the few studies to analyze predictors of mortality
in patients with ICD. It included 1,189 patients with
systolic HF who had ICD implanted for primary
prevention of SCD. During the four-year follow-
up, 343 (28.8%) patients died, and appropriate ICD
shocks occurred in 137 (11.5%) patients. The study
results showed that elevated levels of C-reactive
protein, tumor necrosis factor alpha, BNP, troponin
T, and iinterleukin-6 increased the risk of death
(p <0.001 for all parameters) [14]. To predict the risk
of mortality, this study used biochemical markers that
would not be routinely assessed in clinical practice.
In addition, it has not been validated in the Russian
population as well.

The well-known Seattle Heart Failure Model
(SHFM), used to assess the life expectancy of
patients with CHF at the outpatient stage, and the
Meta-Analysis Global Group in Chronic (MAGGIC)
Heart Failure scale are also based on the results of
long-standing studies, do not take into account
comorbid pathology, cannot be applied at the
inpatient stage, and cannot be used to assess risks in
patients with implanted devices, in particular, with
ICD [15, 16].

In a study by T.E. Verstraelen et al. (2021) on
the development and external validation of a model
for predicting mortality in the ICD group (primary
prevention of SCD) during a 2.7-year follow-up, 193
(13.4%) patients died in the development group and
223 (15.4%) patients died in the validation group,
which is significantly different from the Russian
population [10]. The predictors of all-cause mortality
were age, diuretic intake, sodium and BNP levels,
and intake of RAAS inhibitors. The C-statistic was
0.74 for both external and internal validation groups.
Russian researchers are also actively working on
the possibility of predicting outcomes in patients
with CHF, however, almost all proposed methods
include the need to determine either genetic markers
or complex biochemical parameters, but do not
include patients with ICD, thereby limiting practical
application of these methods [17].

Therefore, currently there are no adequate ways to
assess the risk of long-term nonarrhythmic mortality
after ICD implantation in patients with CHF and
low LVEF, suitable for use in the Russian clinical

practice. The proposed and validated model for
assessing the risk of nonarrhythmic death in patients
with ICD differs from existing ones because it takes
into account the presence of both factors (CHF with
low LVEF and ICD), as well as comorbidity and
adherence to optimal drug therapy (an important
prognostic factor for the Russian population) to
determine the prognosis.

The application of the prediction model involves
the assessment of routine parameters included in a
standard examination of a patient with CHF and does
not require additional costs. It is important to note
that this prediction model can and should be used
before ICD implantation. It is supposed to identify
the patients who would not significantly benefit from
ICD implantation in the long term due to a high risk
of SCD. In general, the predictive value of the studied
model, estimated on the basis of an independent
sample, is comparable with the results of the internal
validation.

CONCLUSION

The presented multivariate model has sufficient
prognostic power to predict the risk of death in
patients with ICD in the long term, as confirmed by
the external validation. However, risk stratification
remains a difficult task, and based on the conducted
research, identifying a group of patients who would
not benefit from ICD implantation is still an issue.
However, the proposed prediction model can provide
clinical value by identifying cases in which ICD
implantation could be delayed.
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