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Mass to voltage ratio index predicts mortality following TAVI
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population with high morbidity. There is a relatively high incidence of cardiac
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years 2008-2019. Mass voltage ratio index (MVRi) was calculated as the ratio of

LV mass index on echocardiogram to voltage using the Sokolow-Lyon criteria on
12 lead ECG performed within 3 months before the intervention. Two hundred and
fifty-one patients (mean age 80.8 years, 49% men) were enrolled. One hundred and
sixty-eight (67%) patients were alive at 3 years follow up. MVRi was a statistically
significant predictor of 3 year mortality (p < 0.005). Patients were divided categori-
cally into tertiles based on MVRIi score; the “high” group had significantly higher
3-year mortality (p < 0.001). In the multivariate model only Euroscore (p < 0.009) and
MVRI (p < 0.011; OR: 2.32; Cl: 1.15-4.964) were statistically significant predictors of
mortality. The “high” group had a significantly lower survival rate after 3 years follow
up on Kaplan-Meier analysis (p < 0.001). Our findings suggest that MVRi is a strong,
independent predictor of increased post-TAVI mortality. This may be a simple clinical

tool to assist in the assessment of patients prior to before TAVI.
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1 | INTRODUCTION care in elderly populations.® Although less invasive than surgical valve

replacement, TAVI is associated with complications and long-term
Aortic stenosis (AS) is a common valvular heart condition whose in- prognosis may be limited given the comorbidities in this popula-
cidence increases with age.! In populations aged over 75 years the tion.* ¢ Patients with low EF (<30%), moderate/severe aortic
prevalence of severe AS can reach 3.4%.° in recent years trans- regurgitation, pulmonary hypertension, COPD and CRF had a worse
catheter aortic valve implantation (TAVI) has become standard of prognosis after TAVI procedures.”> The predictive value of tools
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such as Euroscore/STS are limited and there remains a need for
better risk stratification of this complex population.

Another common pathology in the elderly is transthyretin cardiac
amyloidosis (CA). This disorder is characterized by extracellular deposits
of fibrillar proteins in different organs including the heart which can result
in LV dysfunction.* Both CA and AS are common pathologies in the
elderly population and previous studies have reported an incidence of CA
of up to 15% in TAVI candidates.” A combination of both diseases carries
a poor prognosis regardless of left ventricular ejection fraction and aortic
valve replacement procedures.®’ Both AS and CA cause increased left
ventricular mass (LVM) but for different reasons. In AS there is a true
increase in LVM in response to pressure overload while in CA it is due to
amyloid deposits in the myocardium.' 2 Because of this difference, the
ECG of patients with AS often demonstrates high QRS amplitudes on
ECG due to “true” left ventricular hypertrophy (LVH) whereas patients
with CA may demonstrate low QRS amplitudes due to deposits of
amyloid in the heart.'® The ratio between the LV mass index (LVMi)
(obtained by echocardiogram) to QRS amplitude has been used as a
diagnostic tool in CA.* We postulated that this finding would be even
more pronounced in a population of patients with significant AS and
consequent LV hypertrophy.’”

The aim of this study was to examine whether the ratio between
LVMi to QRS amplitude before TAVI predicts mortality 3 years post-TAVI.

2 | MATERIALS AND METHODS

All patients who underwent TAVI at our institution (Hadassah-
Hebrew University Medical Center Jerusalem) were eligible for in-
clusion in the study. Study approval was provided by the institutional
ethics committee and the study was conducted according to the
principles of the Helsinki Declaration. Patients with an echocardio-
gram and 12 lead ECG performed up to 3 months before the pro-
cedure and who had body height and weight recorded were included
in the study. Severe AS was defined as aortic valve area (AVA) <
1.0 cm?. Low flow low gradient (LFLG) patients were defined as those
with mean graient less than 40 mmHg and AVA less than 1.0 cm?.
Patients who did not have a known outcome for at least 3 years
of follow up after the procedure (i.e., were alive and did not yet
complete 3 years follow up at the time the study ended) or who died
within 24 h of the procedure were excluded (n = 73). Mortality data
was taken from the Ministry of Health and Hadassah hospital
registry. Additional relevant clinical, electrographic, and echocardio-
graphic data was taken from review of patient hospital files.
Euroscore Il was calculated for all patients. Diabetes was defined as

use of oral medical or insulin therapy.

2.1 | Calculation of ECG-A and LVMi

12-lead electrocardiograms were performed with standard instrument
sensitivity of 10mm = 1 mv. ECG amplitude was calculated using the

Sokolow Lyon method (sum of S wave in lead | + R wave in V5 or V6).*

Patients with pacemakers and left and right bundle branch blocks were
included in the study.'”

LV mass was calculated on echocardiogram using the Penn-cube
M-Mode method.*®

0.8{1.04[([LVEDD + IVSd + PWd]3 - LVEDD3)]} + 0.6 where LVEDD
=LV end - diastolic diameter, IVSd interventricular septal thickness in
diastole and PWd posterior wall thickness in diastole. LV mass index was

then calculated by dividing LV mass by BSA.

height(cm) x weight(kg)

BSA (m?) was calculated as: 3600

2.2 | Calculation of the index

Mass voltage ratio index (MVRI) is calculated by dividing LVMi by
the sum of ECG leads voltage as per the Sokolow Lyon method.
The study population was analyzed with MVRi as a continuous
variable and categorically by dividing the population into tertiles.
Tertiles were chosen as mortality could potentially be related to both

high or low MVRI ratios in this population.

2.3 | Statistical analysis

The association between categorical variables was assessed using the
Chi-square test. Comparison of a continuous variable between two in-
dependent groups was performed using the t test. The comparison of a
continuous variable between three independent groups was carried out
using the analysis of variance procedure with the Dunnett Post Hoc tests.
Variables thought to be clinically relevant on the basis of previous lit-
erature underwent univariate analysis. The variables which were found to
be significantly associated with mortality using the univariate approach,
were entered into a multivariate logistic regression model with backwards
selection for a dichotomous dependent variable (mortality yes/no). The
Kaplan-Meier model was applied for assessing the effect of MVRi on
survival, with the log rank test for the comparison of survival curves. All
statistical tests applied were two-tailed, and a p value of 0.05 or less was
considered statistically significant. All statistical analysis was done using
SPSS software (version 26; IBM).

3 | RESULTS

Three hundred and twenty-four patients who had the relevant data re-
corded in their patient file were reviewed, 70 patients with less than
3-year follow-up and three who died within 24 h of the procedure were
excluded leaving a study population of 251 (mean age 80.8 + 6.7 years,
123 M/128F, mean Euroscore 5.5+5.3). Out of 251 patients with
3 years follow up 83 (33%) died within 3 years. The demographic and
characteristics of the study population are shown in Table 1.

In a univariate model the following variables were found to be
statistically significant predictors of mortality within 3 years: Euro-
score (p=0.003), aortic valve mean pressure gradient (AVMP)
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Study population Survival 3y Mortality 3y p value TABLE 1  Demographic and
characteristics of the study population

N 251 168 83

Men, n (%) 123 (49.0) 87 (51.7) 36 (43.3) 0.210
Age, years 80.8 £ 6.67 81.4+6.0 79.53+7.7 0.034
BSA, m? 1.79+0.20 1.79+0.2 1.78+0.2 0.669
COPD, n (%) 49 (19.5) 29 (17.2) 20 (24.0) 0.199
AF, n (%) 28 (11.2) 15 (8.9) 13 (15.6) 0.111
LBBB, n (%) 20 (8.0) 11 (6.5) 9 (10.8) 0.237
RBBB, n (%) 30 (12.0) 15 (8.9) 15 (18.0) 0.036
LAHB, n (%) 42 (16.7) 27 (16.0) 15 (18.0) 0.690
AVB, n (%) 42 (16.7) 26 (15.4) 16 (19.2) 0.448
Pacemaker (b), n (%) 34 (13.5) 20 (11.9) 14 (16.8) 0.280
Pacemaker (a), n (%) 60 (23.9) 35 (20.8) 25 (30.1) 0.105
CAD, n (%) 133 (53.0) 88 (50.0) 49 (59.0) 0.177
Prior CVA, n (%) 30 (12.0) 22 (13.0) 8(9.6) 0.427
Diabetes mellitus, n (%) 98 (39.0) 58 (34.5) 40 (48.1) 0.037
HTN, n (%) 209 (83.3) 140 (83.3) 68 (83.1) 0.968
CRF, n (%) 103 (41.0) 63 (37.5) 40 (48.1) 0.105
EF, % 58.13+13.1 59.1+13.2 56+12.7 0.097
Euroscore 549+5.28 47+44 7.1+6.5 0.003
AVMP, mmHg 44.37 +14.48 45.8+14.2 41.5+14.7 0.028
AVA, cm 0.67£0.17 0.67+0.16 0.66+0.19 0.793
LFLG 91 (36.2) 46 (27.3) 37 (44.5) 0.054
MVRI (con) 7.14+5.64 6.36+5.18 8.74 + 6.57 0.005

Note: Demographic and characteristics of the study population. Values are mean + SD or %. Univariate
model comparing survival after 3 years between paitents based on a number of variables.
Abbreviations: AF, atrial fibrillation; AHB, left anterior hemi-block; AVB, atrioventricular block; AVA,
aortic valve area; AVMP, aortic calve mean pressure; BSA, body surface area; CAD, coronary artery
disease; COPD, chronic obstructive pulmonary disease; CRF, chronic renal failure; DM, diabetes
mellitus; EF, ejection fraction; HTN, hypertension; LBBB, left bundle branch block; LFGL, low flow low
gradient; MVRI, Mass voltage ratio index (continues variable). Pacemaker, b—before TAVI procedure. a

—up to 7 days after TAVI procedure; RBBB, right bundle branch block.

(p=0.028) as well as LFLG (p =0.05), Diabetes mellitus (p = 0.037),
RBBB (p=0.036), and age (p=0.034). MVRi score was compared
between the 3 years survival and mortality groups as a continuous
variable and was a statistically significant predictor of mortality with
p =0.005 (shown in Table 1). There was no significant correlation
between LVMi and RBBB or AV mean pressure.

Variables related to the procedure are shown in Table 2. Correlation
between these variables and 3 years survival was assessed using a uni-
variate model. The only variable found to be a statistically significant
predictor of mortality was vascular access—not femoral with p = 0.01.

The study population was then divided into three groups (n = 83/
84 in each group) based on MVRi scores (shown in Table 3): “low”:
MVRi <4.19, “middle”: 4.19 < MVRi < 6.58, and “high”: MVRi > 6.58.
The demographic characteristics and a univariate model comparing

different variables are shown in Table 3. Three-year survival was
compared between the groups based on the MVRi score in a
univariate model. MVRi was found to be a statistically significant
predictor of mortality after 3 years with p =0.001.

All variables found to be statistically significant along with
the MVRI score were then put in a multivariate model (Table 4).
Euroscore, MVRI, vascular access—not femoral remained the only
independent predictors of 3 years mortality. Euroscore had a
p =0.01, adjusted odds ratio (OR): 1.07, 95% confidence interval
(Cl: 1.102-1.1016). Vascular access—not femoral had a p = 0.04,
adjusted OR: 0.261, 95% Cl: 0.07-0.95. MVRi had a p=0.011,
adjusted OR: 2.32, 95% Cl: 1.16 to 4.96 (shown in Table 4).

A Kaplan-Meier survival curve model (shown in Figure 1) was

applied to the study population comparing 3-year mortality between
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TABLE 2 Procedural characteristics
Study
population Survival 3y  Mortality 3y p value
N 251 168 83
Valve pathology—combined stenosis 6 (2.3) 2(1.2) 4 (4.8) 0.077
and regurgitation, n (%)
Valve-in-valve procedure, n (%) 5(2) 3(1.8) 2 (2.4) 0.74
Vascular access—not femoral artery, 14 (5.4) 5(3) 9 (10.8) 0.011
n (%)
Valve type—Edwards, n (%) 72 (28.7) 51 (30.4) 21 (25.3) 0.4

Note: Demographic and characteristics of the procedure for the study population. Values are N (%).
Univariate model comparing survival after 3 years between paitents based on a number of variables
related to the procedure. Vascular access, patients who went through the procedure with either direct
aortic or axillary artery access compared to femoral artery access. Valve pathology, patients with
combined aortic stenosis and regurgitation, compared to patients with aortic stenosis alone. Valve
type, patients who had an Edwards valve implanted compared to Medtronic valve.

the three groups based on the MVRi score (“low,” “middle,” and
“high”). In a 3-year follow-up the “high” score group showed a
significantly higher mortality rate than the “low” and “middle” groups
over 3 years follow-up. The difference was statistically significant in a
Log Rank test with a p=0.001.

4 | DISCUSSION

Our findings demonstrate that assessment of MVRi utilizing ECG
and echocardiogram is an independent predictor of mortality
following TAVI and may be a simple, widely available, and in-
expensive tool for risk assessment before the procedure. High
MVRi may be indicative of coexisting CA common in this elderly

population with AS.

41 | Prognosis following TAVI

Many patients undergoing evaluation for TAVI are elderly and
often have many co-morbidities, and it is important to correctly
assess which patients can best benefit from the procedure.” ?#
Previous studies have questioned whether surgical risk algo-
rithms accurately predict mortality post-TAVI.?>?¢ Some, but not
all previous studies have suggested the importance of cardio-
vascular factors such as reduced EF, pulmonary hypertension, and
low aortic valve gradients secondary to low stroke volumes. In
the study of Furer et al. from the PARTNER-2 trial, EF < 50% was
associated with higher mortality however in the multivariate
model reduced EF was no longer significantly associated with all-
cause mortality, findings consistent with our study.?” In very el-
derly population, it is possible other factors such as low gradient
AS more accurately reflect the effect of myocardial dysfunction
than EF. In our study, low gradient AS was significantly lower in

patients who died but only on univariate analysis.

4.2 | Amyloidosis in TAVI patients

Recent studies have shown a high prevalence of CA in patients referred
for TAVI,?® a finding generally associated with worse prognosis after
TAVI.” Presumed mechanisms for the negative influence of CA on
prognosis after TAVI include low output state leading to multisystem
failure, an increased incidence of arrythmias as well as involvement of
amyloid in other organ systems. Several previous studies have examined
the predictive value of an elevated MVRi for the presence of CA. Castano
et al. prospectively screened candidates for TAVI for CA using PYP
scintigraphy. They demonstrated a higher MVRi in the subgroup of pa-
tients with suspected CA on nuclear imaging.”’ Scully et al. prospectively
screened 200 patients pre TAVI using DPD scintigraphy and found evi-
dence of CA in 13% of subjects. MVRi was higher in the CA group in this
study as well but was not predictive of CA on multivariate analysis.®> A
recent study by Rosenblum et al including 204 pre-TAVI patients from
two academic centers did not find a significant difference in MVRi in
patients with or without CA.%° Nitsche et al. performed a comprehensive
diagnostic evaluation including myocardial biopsies for CA in 191 patients
before TAVI. In this study using stricter diagnostic criteria the prevalence
of CA was 8% and was significantly associated with elevated MVRi on
multivariable analysis, findings potentially consistent with our study.*
However, the presence of CA did not affect prognosis after TAVI in this
study. This may be due to selection bias as performance of TAVI in this
population was not randomized.

Our study greatly expands previous work by looking directly at the
effect of MVRi on intermediate-term mortality following TAVI from a
single institution in a larger number of patients. We utilized indexed LV
mass to normalize for body size and discriminate between physiologic
changes related to body habitus and changes related to pathologic stimuli
such as CA*?

It is important to note that we did not systematically screen our
patient population for the presence of CA, and it is possible that the
influence of MVRi is due to additional pathologies. However, other clinical

findings that may influence ECG voltage such as BMI, a history of COPD
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MVRi <4.19 419 < MVRis 658  MVRi > 658  p value TABLE 3 Demographic and
characteristics of the study population
N 83 84 84 divided into tertiles based on MVRi score
Men, n (%) 41 (49.4) 45 (53.6) 37 (44.0) 0.465
Age, years 81.47 +6.52 80.56+6.21 80.38+7.24 0.529
BSA, m? 1.76 £0.22 1.81+0.21 1.79+0.20 0.304
COPD, n (%) 13 (15.7) 15 (17.9) 21 (25.0) 0.281
AF, n (%) 5 (6.0) 11 (13.1) 12 (14.3) 0.187
LBBB, n (%) 10 (12.0) 9 (10.7) 1(1.2) 0.018
RBBB, n (%) 1(1.2) 6(7.1) 23 (26.2) <0.001
LAHB, n (%) 5 (6.0) 15 (17.9) 22 (26.2) 0.002
AVB, n (%) 14 (16.9) 14 (16.7) 14 (16.7) 0.999
Pacemaker (b), n (%) 6(7.2) 9 (10.7) 19 (22.6) 0.01
Pacemaker (a), n (%) 15 (18.1) 27 (32.1) 18 (21.4) 0.083
CAD, n (%) 38 (45.8) 44 (52.4) 51 (60.7) 0.153
Prior CVA, n (%) 11 (13.3) 12 (14.3) 7 (8.3) 0.446
Diabetes mellitus, n (%) 23 (27.7) 27 (32.1) 48 (57.1) <0.001
HTN, n (%) 73 (88.0) 69 (82.1) 67 (79.8) 0.346
CRF, n (%) 35 (42.2) 29 (34.5) 39 (46.4) 0.283
EF, % 58.62+12.07 58.73+13.34 57.12+13.91 0.715
Euroscore 479 +4.39 4.86+4.37 6.90 + 6.65 0.02
AVMP, mmHg 46.67 +13.7 47.10+ 14.85 39.42+13.71 0.001
AVA, cm 0.64+0.17 0.66+0.18 0.70+£0.16 0.073
LFLG 24 (28.9) 28 (33.3) 39 (46.4) 0.05
Mortality 3y 22 (26.5) 20 (23.8) 41 (48.8) 0.001

Note: Demographic and characteristics of the study population divided into tertiles based on MVRi
score (n =83/84 in each group). Groups were definded as “low”: MVRi < 4.19, “middle”:
4.19 < MVRI < 6.58, and “high”: MVRi > 6.58. Values are mean = SD or %. Univariate model comparing

different variables between the three groups.

Abbreviations: AF, atrial fibrillation; AHB, left anterior hemi-block; AVB, atrioventricular block; AVA,
aortic valve area; AVMP, aortic calve mean pressure; BSA, body surface area; CAD, coronary artery
disease; COPD, chronic obstructive pulmonary disease; CRF, chronic renal failure; DM, diabetes
mellitus; EF, ejection fraction; HTN, hypertension; LBBB, left bundle branch block; LFGL, low flow low
gradient; Mortality 3y, number of patients who died within 3 years of follow up; Pacemaker, b—before
TAVI procedure. a—up to 7 days after TAVI procedure; RBBB, right bundle branch block.

and ejection fraction were not significantly associated with mortality
making the presence of undiagnosed CA a potential explanation of our

findings.

4.3 | Study limitations

The limitations of our study include its retrospective nature al-
though the use of the hard endpoint of mortality limits bias. The
number of patients included in the study is relatively small al-

though similar to other studies on the topic. The possibility of

mortality related to operator experience and a learning curve for
the procedure cannot be excluded with certainty. We examined
all-cause mortality as specific causes of death are not available
from the centralized database. As mentioned, we did not perform
a specific clinical assessment for the presence of CA. Our study
examined an elderly population and may not be applicable to
younger, more low-risk patients undergoing TAVI.

Our study did not include significant numbers of patients
with either advanced renal disease or oxygen dependency and
frailty was not systematically assessed in our population and

these variables could not be assessed in our population.
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TABLE 4 Multivariate model

MVRI
RBBB
LFLG

Vascular access—not
femoral

DM
Age, years
Euroscore

AVMP, mmHg

Univariate model Multivariate model

p value p value Adjusted OR CI(95%,L) CI(95%, U)
0.001 0.013 2.455 1.212 4.975
0.021 0.337 1.574 0.624 3.96

0.054 0.398 0.762 0.405 1.432
0.011 0.041 0.261 0.072 0.949
0.037 0.816 1.078 0.572 2.031
0.034 0.078 0.96 0.92 1.004
0.003 0.018 1.07 1.012 1.132
0.028 0.953 1.00 0.97 1.03

Note: Multivariate model for variables found to be statistically significant predictors of mortality in

univariate model.

Abbreviations: CI,L, confidence interval, lower limit; CI,H, higher limit.

Survival Curve
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FIGURE 1 Kaplan-Meier curve, comparing 3 years survival between groups based on MVRi score. Kaplan-Meier curve comparing survival

rates between groups with different MVRi scores. Population study was divided into tertiles based on MVRi score (“low”: MVRi < 4.19, “middle”:
4.19 < MVRI < 6.58, and “high”: MVRi > 6.58). Survival between the different groups was compared using Log Rank test. The “high” score group
showed a significantly greater mortality rate than the “low” and “middle” groups over 3 years follow-up. The difference was statistically
significant with a p = 0.001. These results demonstrate the association of MVRi score and 3 years prognosis after TAVI. MVRi, Mass voltage ratio
index; TAVI, transcatheter aortic valve replacement [Color figure can be viewed at wileyonlinelibrary.com]

5 | CONCLUSION

Our study shows that elevated MVRi in patients undergoing TAVI
predicts 3-year mortality, possibly due to coexisting CA. Further
prospective trials with larger number of patients are necessary to
examine whether using MVRIi as a simple screening tool will improve
prognosis of patients undergoing TAVI.
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