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Abstract

Aim: To access frailty and its impact on 10-year survival in patients with implanted
devices for cardiac resynchronization therapy (CRT).

Methods: 77 patients with congestive heart failure (74% men, 26% women; mean age
of 58.7 + 10.7 years) with NYHA class 1I-1V were enrolled. Frailty Index was
calculated using 31 parameters (the ability to perform daily activities, clinical status,
laboratory markers, comorbidities). Based on the frailty index patients were identified as
not frail (< 0.375; n = 41; 53%), and frail (> 0.375; n = 36; 47%).

Results: The mean follow-up period was 49.0 + 34.2 months. Survival at 10-year
follow-up was 87.5% for non-frail patients, compared to 47.2% for frail patients (log-
rank test p < 0.001). In univariate analysis, frailty associated with 10-year mortality (OR
7.824; 95% CI 2.495 — 24.533; p < 0.001). After adjustment for age, gender, rhythm,
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NYHA class, left ventricular ejection fraction, left bundle branch block, and QRS width,
frailty remained a significant prognostic factor associated with 10-year mortality (OR
9.528; 95% CI 2.720 — 33.368; p < 0.001). Also, according to logistic regression, the
presence of frailty reduced the chance of superresponse (decrease of left-ventricular end
-systolic volume > 30%) to CRT (OR 0.278; 95% CI 0.100-0.770; p = 0.014).
Conclusion: Frailty is widespread in patients with heart failure and implanted devices
for CRT. In these patients frailty is associated with a more than seven-fold increased risk
of death during 10-year follow-up and with a lower chance of superresponse to CRT.
Keywords: cardiac resynchronization therapy, congestive heart failure, frailty, long-

term mortality.
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AHHOTAIIUA

Hean: Onenuts 10-meTHIOIO BBDKMBAEMOCTh B 3aBUCHMOCTH OT HAJIMYWS CHHIPOMA
frailty y mamueHToB ¢ XpoHMYecKoi cepiedHod HemocratouHocThio (XCH) wu
MMILTAaHTUPOBAHHBIMUA YCTPOMCTBAMHU JJIA CEPACYHON PECUHXPOHUBHMPYIOUIEH Tepanuu
(CPT).

Martepuan u MeToabl. B uccienoBanre ObLIH BKIOYCHBI 77 TarueHTOB (74% My»X4uH,
26% sxeHmMH, cpemHUN Bo3pacT oOciemyembix 58,7 £ 10,7 roma) ¢ XCH II-IV
dbyukumnonansHoro kiacca (PK) mo kmaccubpukarmmun NYHA. Frailty unmexkc ObLi
paccuntaH Ha ocHoBaHMu 31 mokaszatens (aHaMHe3, JaHHBIE KIMHUYECKOTO U
nabopaTopHOro 0OCIe0OBaHUM, pe3yiabTaThl aHKETHUPOBAHUS HA TPEIAMET BbBISIBIICHUS
OTpaHUYCHHUIN B MPUBBIYHON (DU3UYECKON aKTUBHOCTH). B 3aBUCHMOCTH OT BEIMYMHBI
WHJICKCa TAIMEeHThl ObUTM paszzieicHbl Ha 2 rpymmbl: < 0,375 (n = 41) — orcyrcTBUE
curapoma frailty; > 0,375 (n = 36) — marueHTHI ¢ HaNMYKeM cuHapoma frailty.
Pesyabrarbl. Cpennuii cpok Habmoaenusi coctaBuwi 49,0 + 34,2 mec. 10-netHss
BBKMBAEMOCTh TMALIMEHTOB MEpPBOM TIpyImbl cocTtaBuwia 87,5%, manueHToB BTOPOMU
rpymmsl — 47,2% (log rank test p < 0,001). ITo pe3yabTataM YHHBApHaHTHOT'O aHaJIKM3a
Hanuuue cuaapoma frailty sHaunmo acconmmupoBasioch ¢ pUCKOM cMepTH B TeueHue 10
ner (OLI 7,824; 95 nosepurenwvHbiii uaTepBas (JN) 2,495-24,533; p < 0,001). ITpu
BKJIFOYEHUH B MYJIbTUBAPUAHTHBIA aHAJIW3 10JIa, Bo3pacTa, ucxoaHoro putma, K XCH

no NYHA, pasmepa (pakiuu BbIOpoca JI€BOro >Kenlyaouka, OJ0Kaabl JIEBOM HOMXKKH



nyuka ['mca, Benmumabl QRS wHammuume cunmpoma frailty ocraBamoch 3HaUYUMBIM
npeaukTopoM cMmeptHoctH B Teuenue 10 mer (OIL 9,528; 95% U 2,720-33,368; p <
0,001). Takxe mo pe3yibTaTaM JOTHCTHYECKON perpeccud Haauuue cuuapoma frailty
3HaYUMO CHIDKAJO IIAHC Pa3BUTHUS CyNEepOTBETa (CHIKEHHE KOHEYHO-CHCTOIUYECKOTO
obbema JieBoro keaygouka > 30%) wa CPT (OLI 0,278; 95% JIM 0,100-0,770; p =
0,014).

3akmouenne. Cunapom frailty mmpoko pacnpoctpanen cpemu manmeHToB ¢ XCH,
uMeroux nokaszanus i nposenenus CPT. Hanmune cunnpoma frailty acconmupyercs
c 6ojee yeM 7-KpaTHBIM BO3PAacTaHWEM PHCKA CMEPTU OT BCeX Mpu4MH B TeueHue 10-
netHero HaOmoneHus Ha @one CPT, a Takke C MEHBIIMM IIAHCOM pPA3BUTHUSA
cyneporBeta Ha CPT.

KawueBble ciaoBa: cunapom frailty, cepmednas pecuHXpoHU3MpYIOIIAs Tepamnus,
XpOHHUYECKAsl cep/ieyHasi HeI0CTaTOYHOCTh, OTAAJIEHHAs! BBIKUBAEMOCTb.

KondaukT uHTEpecoB: aBTOPHI 3asIBISIIOT 00 OTCYTCTBUU KOH(IMKTA UHTEPECOB.
duHaHCHPOBaHME. HUKTO M3 aBTOPOB HE MMeeT (DMHAHCOBOW 3aMHTEPECOBAHHOCTH B
IIPEJICTAaBICHHBIX MaTepHaaX Uil METOAAX.

CooTBeTcTBHE NMPUHIMIIAM 3THKH: WCCIIEIOBAaHUE OBUIO BBIOJHEHO B COOTBETCTBHUH
CO CTaHJapTaMy HaJUIeKallel KIMHUYECKOM TMPaKTUKU JIOKAJIbHOTO 3TUYECKOTO
KOMHUTETa W MNpUHIUNAMH XenbcuHkckoi Jlexnmapanuu (1964). Jlo BkiIodeHHs B
WCCJIEIOBAaHNE y BCEX YYACTHHKOB OBLJIO TMOJNYyYEHO MHUChMEHHOE WH(OPMHUPOBAHHOE
corjiacue.

Jas nurupoBanusi: CongaroBa A.M., Eauna T.H., Mamumesckas .C. Cungpom
frailly w ornaneHHas  BBDKMBAGMOCTh  MAlMCHTOB Ha  (OHE  CEpICYHOM
PECUHXPOHU3HUPYIOLIEH Teparnuu. Cubupckuii JHCYpHaN KIUHUYECKOU u

3KCI’Z€pMM€HWlClJZbHOIZ ]I/lealxlI/ﬂlel.



Introduction

Cardiac resynchronization therapy (CRT) has a wide range of therapeutic benefits
in appropriately selected patients with congestive heart failure (CHF), while the
appropriate selection remains one of the main issues of CRT use. In clinical trials, CRT
improves symptoms, quality of life and reduces mortality in patients with NYHA
functional class II-1V CHF, left ventricular ejection fraction (LVEF) < 35%, QRS
duration > 150 ms and left bundle branch block (LBBB) [1, 2]. Apart from the current
CRT indication criteria, patients’ functional status and co-morbidities significantly affect
cardiac prognosis and CRT efficacy [3, 4]. The effect of CRT can be influenced by
multiple factors and, thus, estimating risk on an individual basis is very difficult,
although it is critically important considering the coast and potential complications of
the procedure.

Currently there is no standard definition of frailty. Potentially it can be defined as
a reduced physiologic reserve to cope with minor stressors leading to impaired
functional status. The presence of frailty is associated with worse survival in patients
with heart failure [5]. In patients with indications for CRT it can be associated with its
lower efficacy and reduced positive effects.

The aim of the study was to access the prevalence of frailty and its impact on

long-term prognosis in patients with CHF and implanted devices for CRT.

Material and Methods
Patient selection

All consecutive patients undergoing CRT implantation in Tyumen cardiology
Research Center from June 2012 through May 2018 who completed the pre-implantation
questionnaire addressing limitations of activities of daily living were included. At
baseline, in 1, 3 and every 6 months we performed clinical examination,

electrocardiography, echocardiography, laboratory tests. Standard echocardiography was



performed using a commercially available system Philips IE 33. All patients received
therapy in accordance with the current guidelines [2]. The device implantation was

effective in all patients and occurred without complications.
Frailty definition

Frailty index (FI) was assessed using the Rockwood deficit index which has been
previously validated in patients with cardiovascular diseases [6]. It is based on 31 items
derived from patient’s clinical status, comorbidities, information about the ability to
perform daily activities, and laboratory markers. The first fourteen items (ability to
perform activities of daily living) were collected from the routine pre-visit patient
questionnaire obtained prior to CRT implantation. The remaining 17 parameters
required to calculate the FI were abstracted from the medical record. Patients were
excluded if more than 2 parameters for FI assessment were missing. To calculate the FI,
the sum of points was divided by the number of parameters. If 2 or less items were
missing the denominator adjusted accordingly. Based on the median of FI value patients
were identified as not frail (< 0.375; n = 41; 53%), and frail (> 0.375; n = 36; 47%).

Statistical analysis

Statistical analysis was performed using SPSS for Windows version 23.0 (SPSS
Inc., Chicago, IL, USA). Categorical variables were expressed as percentages and
differences between groups were evaluated using the Chi-square test. In case of normal
distribution continuous variables were reported as mean + standard deviation and
differences between groups were assessed using Student’s t-test, non-normal variables
were reported as median and interquartile range and differences between groups were
assessed by Mann Whitney U test. The association between frailty and mortality was
examined using the Kaplan Meier method with censoring at death or last follow-up.
Overall group differences in survival were evaluated using log-rank tests. Cox

proportional hazards modeling was used to evaluate the associations of frailty and



mortality with adjusting for potential confounders. Since hypertension, diabetes, renal
function, anemia, and history of myocardial infarction, were included in the FI, these
variables were not considered separately in the adjusted model. Logistic regression was
used to evaluate the association of frailty and superresponse to CRT. p < 0.05 was

considered to be significant.

Results

A total of 77 patients (74% men, 26% women; mean age of 58.7 + 10.7 years)
were included. AIll CRT implantations were performed de novo. Ischemic
cardiomyopathy was the underlying etiology of CHF in 66.2 % of patients. LBBB was
present in 59.7 % of patients. Clinical characteristics of the study participants are shown
in Table 1.

Table 1. Clinical characteristics of the study participants

Tabauna 1. Knunnyeckast xapakTepuCTHKa MAlMEHTOB, BKIIIOYEHHBIX B UCCIICIOBAHNE

Not frail Frail
Parameter bes cunnpoma C nanuuuem D
[Tapamerp frailty, cunapoma frailty,
n=41 n=236
Male, n (%) 0.081
Mysckoii o, 1 (%) 27 (65.9) 30 (83.3)
Age, years 56.8 = 10.9 60.9 = 10.2 0.092

Bospacr, ner

Body mass index, kg/m?

Vrtexe sacce: roma. Kria? 30.0 [25.5; 34.3] 28,6 [24.7; 37.2] 0.967

RS > 150 ms, n (%
SRS 100 me ((%‘;)) 26 (63.4) 21 (58.3) 0.648
0
CAD. n (%) 22 (53.7) 29 (80.6) 0.013

HBC, n (%)




Myocardial infarction, n (%)
Wudapkr muokapaa B anamuese, N (%)

8 (19.5)

22 (61.1)

<0.001

Diabetes, n (%)
Caxapubiii uader, n (%)

6 (14.6)

9 (25.0)

0.252

LBBB, n (%)
BJTHIIT, n (%)

24 (58.5)

22 (61.1)

0.818

NYHA HI/IV, n (%)
®K o NYHA, n (%)

16 (39.0)

16 (44.4)

0.630

Atrial fibrillation, n (%)
OubpuuTsLUs npeacepauii, N (%)

12 (29.3)

15 (41.7)

0.255

Left ventricular end-systolic volume, mi
KoneuHo-cucronnueckuii 00beM JIEBOTO
JKeIIyaodka, M1

140.0 [117.0; 184.9]

169.9 [153.1; 220.9]

0.003

Left ventricular end-diastolic volume, ml
KOHC‘IHO-IH/I&CTOJII/I‘IGCKI/IP'I O6’I)€M JICBOT'O
meﬂyﬂqua, MJI

209.0 [180.0; 264.0]

239.0 [216.0; 307.0]

0.005

LVEF, %
OBJIK, %

33.0 [29.0; 35.5]

31.0 [27.5; 32.0]

0.011

Note: CAD — coronary artery disease, NYHA — New York Heart Association, LBBB — left bundle branch block, LVEF —

left ventricular ejection fraction.

[Mpumeuanue: UbC — nmemundeckas 6one3ns cepamna, @K mo NYHA — dyrkmoHansHEIH Kiace mo kinaccudukanym Hero-
Hopkckoit accommanuu cepama, BJIHIIT — Onokama neBoit Hoxku mydka ['mca, ®BJIK — ¢pakuus BeiOpoca IeBOro

JKEJIyJ04Ka.

Frailty and outcomes

The mean follow-up period was 49.0 + 34.2 months (maximum 165 months).

Kaplan — Meier estimated 10-year survival worsened with the presence of frailty

(log rank test p < 0.0001, Figure 1). Survival at 10-year follow-up was 87.5% for non-

frail patients, compared to 47.2% for frail (log-rank test p < 0.001).
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Fig. 1. Kaplan — Meier curves in groups according to the presence of frailty: blue line —
non-frail (87.5%), green line — frail (47.2%); log rank test p < 0.0001.

Puc. 1. BepkuBaeMOCTh HAIIMCHTOB B 3aBUCHMOCTH OT Haymuus curapoma frailty: cunmii
— frailty index < 0,375 (87,5%); 3enensiii — frailty index > 0,375 (47,2%); log-rank test p
< 0,001.

According to univariate analysis, frailty was associated with 10-year mortality
(OR 7.824; 95% CI 2.495-24.533; p < 0.001) (Table 2). Multivariate analysis adjusted
for age, sex, NYHA class, rhythm, LVEF, QRS width, and presence of LBBB, frailty
(HR 9.528; 95% CI 2.720-33.368; p < 0.001) and QRS width (OR 0.976; 95% ClI
0.958-0.995; p = 0.013) were significantly associated with 10-year mortality.

Table 2. Univariate cox-regression analysis for 10-year mortality
Tabauna 2. YauBapuantas perpeccust Kokca it mporHo3upoBaHusi puCKa CMEpPTH B

teueHue 10 et

Parameter OR (95% CI) Log-rank
ITapametp OLLI (95% A1) p value




Male gender 0.187 (0.039-0.890) 0.035
MyxcKkoit ot

Age 1.007 (0.962-1.055) 0.754
Bo3zpacr

NYHA 1.504 (0.734-3.082) 0.265
®K mo NYHA

Sinus rhythm 2.714 (0.991-7.436) 0.052
CuHYCOBBIN pUTM

Frailty index > 0.375 7.824 (2.495-24.533) <0.001
Wupekce frailty > 0,375

QRS complex 0.981 (0.966 — 0.996) 0.015
Kommiexe QRS

LBBB 0.529 (0.198-1.415) 0.205
BJIHIIT

LVEF 0.946 (0.859-1.043) 0.266
®BJIK

Note: NYHA — New York Heart Association, LBBB — left bundle branch block, LVEF — left ventricular ejection fraction,
OR — odds ratio, CI — confidence interval

[pumeuanune: ®K mo NYHA — QpyHKIIMOHAIBHBIN KIacc MO KiIacCH(pHKAIUU HLIO-ﬁOpKCKOFI accoranuu cepana, BJTHIIT
— Ookama neBoit HOXKH myuka ['muca, ®BJIK — ¢pakums BeiOpoca nesoro xenynouka, Ol — oTHomenue mancos, U —
TIOBEPUTEIBHBIA HHTEPBAIL

Superresponse to CRT was defined as the decrease of left-ventricular end-systolic
volume > 30% from baseline values. In the first group (n = 41) 43.9% of patients were
identified as superresponders versus 25% of patients in the second group (n = 36)
(p = 0.012). In the logistic regression the presence of frailty was associated with less
chance of superresponse to CRT (OR 0.278; 95% CI1 0.100 — 0.770; p = 0.014).

Discussion

The major finding of our study is that frailty occurs in more than 45% of patients
undergoing CRT implantation, and is associated with increased mortality. In particular,

frailty is associated with a more than a seven-fold risk of death during 10-year follow-up



(OR 7.824; 95% CI 2.495-24.533; p < 0.001). These data add to the growing evidence
that frailty should be an essential component of the decision process when undertaking
procedures intended to improve mortality in patients with heart failure. Additionally, the
presence of frailty significantly decreased the chance of superresponse to CRT (OR
0.278; 95% C1 0.100-0.770; p = 0.014).

CRT indications were based on the results of large clinical trials, which
demonstrated the best effect of CRT in patients with wide QRS and LBBB morphology
of the QRS, however, most of trials excluded patients with significant co-morbidities [7,
8]. «Presence of any disease, other than the main cardiac disease, associated with a
reduced chance of survival, appearance of cancer, uremia (BUN > 70 mg/dl or creatinine
> 3.0 mg/dl), liver failure, etc...», was a part of MADIT-CRT protocol exclusion criteria
[8]. In real clinical practice, the level of co-morbidities in patients with CHF is very
high, and it can play an incremental role in the prognosis even in patients with
“classical” indications to CRT. Diabetes and renal dysfunction are widely distributed
important comorbidities known as independent factors associated with high risk of
mortality in CHF patients [3, 4]. In real clinical practice more than 80% of CHF patients
who receive CRT have at least three comorbid conditions [9, 10]. Few previous studies
have addressed frailty among CRT patients, and results are mixed due to small numbers
and variable scales, which impacts ability to compare [11, 12]. In the study of
Dominguez-Rodriguez frailty was recognized in 28%, however, frailty index did not
include co-morbidity and authors mentioned that non-frail patients presented higher
rates of arterial hypertension and diabetes mellitus, and there were no significant
differences in the groups regarding chronic obstructive pulmonary disease and chronic
renal failure. Additionally this study included patients only with non-ischemic etiology
of CHF [13]. In other studies distribution of Frailty defined by Tilburg Frailty Indicator
questionnaire or Canadian Study of Health and Aging Clinical Frailty Scale in patients
eligible for CRT was found in a range of 60-81% [14, 15]. While some identified an

increased risk of CHF decompensation or increased risk of hospitalization, data on



mortality was inconclusive. M. Kubala et al. defined frailty in 61% of CRT patients by
ONCODAGE questionnaire (G8), which was primary validated for oncology patients. In
9 month follow-up frailty was associated with a higher cumulative probability of
hospitalization and of all-cause death [16]. In the study of A. Mlynarska et al. frailty
defined by Tilburg Frailty Indicator was recognized in 75.64% patients. The mortality
did not differ among patients who were diagnosed with frailty syndrome compared to
robust patients; however, in the multivariable regression model frailty was associated
with an increased risk for decompensation [15].

We did not evaluate the effect of CRT on CHF symptoms in frail vs non-frail
patients, while patients may expect CRT to reduce CHF symptoms or decrease
frequency of hospitalization without the expectation of improved survival. However,
CRT-related complication rates are increasing as patients with more co-morbidities
undergo CRT, and it is important to correlate symptom reduction with the risk of the
procedure itself, as risks may be associated with increased mortality. It remains unclear
if frailty is modifiable or not, especially in patients with severe life-threatening CHF.
Our results argue for further study to determine if prospective assessment of frailty is a
better predictor of poor outcomes of this.

We do not ask to refuse CRT in frail patients, but we note that the decision should
be made on a case-by-case basis and goals should be clearly defined to meet patient
expectations, especially in those of high risk of reduced life expectancy due to infirmity,
or other concomitant diseases. Current guidelines recommend the need for collaborative
decision making when implanting a cardioverter-defibrillator for primary prevention,
and such recommendations should be extended to CRT. Many patients with late-stage
CHF have not completed an advanced directive and most conversations with their
physicians do not address their wishes for life-prolonging technologies. Incorporating
frailty into the pre-procedural discussion for CRT can allow providers to have more

successful and informed conversations.



Conclusions

Frailty is common in patients with CHF undergoing CRT. Despite the proven
positive effect of CRT in reducing symptoms and reducing mortality, the presence of
frailty is associated with more than a seven-fold increase in the risk of death during a 10-
year follow-up. Frailty assessment should be included into shared decision-making pre
implantation of CRT devices, and patients should be informed of the goals and

expectations.
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