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Abstract

Background: A mismatch between myocardial oxygen supply and demand is

the most common cause of ischemic myocardial injury in older persons. The

subendocardial viability ratio (SEVR) can usefully estimate the degree of

myocardial perfusion relative to left-ventricular workload. The aim of the pre-

sent study was to evaluate the ability of SEVR to predict long-term mortality in

the older population. Additionally, we aimed to identify the SEVR cutoff value

best predicting total mortality.

Methods: This is a multicenter, longitudinal study involving a large popula-

tion of individuals older than 80 years living in nursing homes. Patients with

cancer, severe dementia, and very low level of autonomy were excluded from
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the study. Participants were monitored for 10 years. Adverse outcomes were

recorded every 3 months from inclusion to the end of the study. SEVR reflects

the balance between subendocardial oxygen supply and demand, and was esti-

mated non-invasively by analyzing the carotid pressure waveform recorded by

applanation arterial tonometry.

Results: A total of 828 people were enrolled (mean age: 87.7 ± 4.7 years, 78%

female). 735 patients died within 10 years and 24 were lost to follow-up. SEVR

was inversely associated with mortality at univariate Cox-regression model (risk

ratio, 0.683 per unit increase in SEVR; 95% confidence interval (CI) [0.502–0.930],
p = 0.015) and in a model including age, sex, body mass index, Activity of Daily

Living index and Mini-Mental State Examination score (risk ratio, 0.647; 95% CI

[0.472–0.930]). The lowest tertile of SEVR was associated with higher 10-years

total mortality than the middle (p < 0.001) and the highest (p < 0.004) tertile. A

SEVR cutoff value of 83% was identified as the best predictor of total mortality.

Conclusions: SEVR may be considered as a marker of “cardiovascular frailty.”
An accurate non-invasive estimation of SEVR could be a useful and indepen-

dent parameter to assess survival probability in very old adults.

Trial Registration: NCT00901355, registered on ClinicalTrials.gov website.
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INTRODUCTION

Ischemic heart disease is currently the leading cause of
death in the older population.1 Myocardial ischemia
results from an imbalance between oxygen supply and
demand. The ischemic myocardial damage related to
atherosclerotic plaque rupture, ulceration, or erosion
with resulting intraluminal thrombus in coronary
arteries is certainly the best-known and most-studied
type of cardiac ischemic event. However, ischemic
myocardial damage or acute myocardial infarction can
be also caused by a functional imbalance between myo-
cardial oxygen supply and demand. The latter type of
myocardial ischemic damage may occur due to numer-
ous and very different etiopathogenetic mechanisms,
among which a severe reduction in arterial oxygen
content (due to anemia or hypoxemia), or an insuffi-
cient blood flow to the myocardium in relation to the
myocardial oxygen needs. The above conditions can
also lead to myocardial ischemic cell injury without
the presence of atherosclerotic plaques, in the most
severe cases resulting in the so-called type 2 myocardial
infarction.2 Myocardial ischemia and type 2 myocardial
infarction, due to a mismatch between myocardial oxygen
supply and demand, are the most frequent types of
myocardial ischemic injury in persons 75 years and older3

and are related to poor outcomes.4

Key points

• An imbalance between myocardial oxygen sup-
ply and demand unrelated to acute coronary
atherothrombosis is the most frequent cause of
ischemic myocardial injury in very old patients.

• Subendocardial viability ratio (SEVR) assessed
by applanation tonometry is a useful and effec-
tive non-invasive index of the degree of myo-
cardial perfusion adequacy with respect to left
ventricular workload.

Why does this paper matter?

Higher SEVR values are associated with higher
survival rates at 10-year follow-up, suggesting a
possible role of myocardial oxygen supply–
demand mismatch assessment in predicting over-
all mortality in older individuals.

This study provides convincing evidence that
individuals over eighty with low SEVR values should
be considered as “frail older people”. Our results
emphasize the need to identify appropriate targets for
their management, and to provide individualized
strategies of cardiovascular prevention and care.

PROGNOSTIC VALUE OF LOW SEVR IN THE OLDER POPULATION 1049
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The subendocardial viability ratio (SEVR, also known
as the Buckberg index) is a useful and effective index of
the degree of myocardial perfusion adequacy with respect
to left ventricular workload. It was originally based on
the analysis of the pressure curve recorded in the left ven-
tricle and in the ascending aorta5,6 during the course of
cardiac catheterization. The advent of transcutaneous
arterial tonometry makes SEVR assessment easier and
more feasible in clinical practice, without the need for
invasive measurements.

The aim of the present study was to evaluate the prog-
nostic value of the imbalance between myocardial oxygen
supply and demand, assessed through non-invasive SEVR,
to predict increased longevity in very older persons living
in nursing homes. Additionally, we aimed at identifying
the SEVR cutoff value best predicting total mortality.

METHODS

Design

This study represents a branch of the PARTAGE
(Predictive values of blood pressure (BP) and ARTerial
stiffness in institutionalized very AGEd population)
study. PARTAGE is a multicenter, longitudinal study
aimed at determining the predictive value of BP and arte-
rial mechanical parameters on total mortality as well as
major cardiovascular events and cognitive decline in a
large population of individuals aged 80 years and over
living in nursing homes.7,8 In the present study, we have
considered the data coming from the research groups of
Nancy (445 participants), Verona (152 participants), and
Cesena (267 participants), due to the availability of more
extensive follow-up (10 years).

The aim of the PARTAGE Study was to determine the
predictive value of BP and non-invasive hemodynamic
parameters for overall mortality and major cardiovascular
events, in a population older than 80 years of age living in
nursing home. Self-measurements of BP were required. In
order to obtain a correct self-measurement of BP, patients
characterized by severe dementia, as assessed through
Mini-Mental State Examination9 (MMSE) score <12 out of
30), and by low level of autonomy, as assessed through
Activity of Daily Living10 (ADL) score ≤2 out of 6 at the
time of enrolment, were excluded from the study.

The protocol of this study was approved in Nancy,
France by the “Comité de Protection des Personnes of
Nancy” and in Italy by the “Comitato Etico Area Vasta
Romagna” and “Comitato Etico della Provincia di
Verona”. All participants provided written informed con-
sent. Participants were enrolled between January 2006 and
June 2008 and were followed up for 10 years. Adverse

outcomes were recorded every 3 months from inclusion to
the end of the study.

Clinical data collection was performed during either
face-to-face interviews or examination of patients' medi-
cal records. The follow-up was carried out by periodic
visits to nursing homes, by telephone interviews with
patients or relatives, by interviews with dedicated nursing
staff, and evaluation of the databases of nursing homes
and public health care system.

The primary endpoint was overall mortality during
the follow-up period.

Arterial functional parameters

BP waveform was recorded at recruitment on right com-
mon carotid, brachial, radial, and femoral arteries using a
validated, high-fidelity PulsePen® tonometer (DiaTecne
srl, San Donato Milanese, Italy).11,12 Tests began after a
resting period of at least 15 min in supine position.

The pressure waveforms recorded at the carotid artery
level by applanation tonometry were shown to be a reli-
able surrogate for invasive central aortic waveform.11,13

Central aortic BP values were obtained by the integral
of the carotid curve after calibration with brachial mean
and diastolic BP measured non-invasively by a validated
Omron 705IT sphygmomanometer (Omron Healthcare
Co., Kyoto, Japan). The oscillometric BP measurements
were assessed simultaneously with each tonometric pulse
wave recording.

Mean arterial pressure was estimated from the integral
of the brachial artery pressure waveform performed with
the same PulsePen® tonometer.14 Where brachial tonome-
try was not performed due to technical reasons or poor
recording quality, a 40% form factor was used to estimate
mean arterial pressure.15

Carotid-femoral pulse wave velocity was also assessed.
Pulse wave velocity was automatically determined by
dividing the carotid-to-femoral artery distance by the
time difference between the respective delays in the onset
of peripheral (femoral) and central (carotid) pulses in
relation to the preceding R wave of an electrocardio-
graphic recording.11,12

Subendocardial oxygen supply and demand
ratio assessment (SEVR)

The SEVR represents an index relative to the balance
between oxygen supply and demand in the subendocar-
dium. As originally described by Buckberg and Hoffmann5,6

with invasive catheterization, the area between the pressure
curve in ascending aorta and the left ventricular pressure

1050 SALVI ET AL.
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curve during the diastolic phase (diastolic pressure–time
index, DPTI) represents the oxygen supply to the subendo-
cardium, while the area under the left ventricular pressure
curve in systole (systolic pressure–time index, SPTI) repre-
sents the oxygen needs by the myocardium (Figure 1A).
DPTI and SPTI therefore reflect subendocardial oxygen sup-
ply and demand, respectively, and their ratio (DPTI/SPTI)

may represent a useful index of myocardial oxygena-
tion (SEVR).

In our study, SEVR was estimated non-invasively by
means of transcutaneous arterial tonometry using two dif-
ferent methods. (i) The “traditional” method (Figure 1B),
usually implemented in arterial tonometers currently on
the market, estimates the SEVR simply as the ratio of the

FIGURE 1 Subendocardial viability ratio (SEVR) assessed by invasive catheterization and estimated non-invasively by arterial

tonometry. SEVR was calculated as diastolic pressure–time index (DPTI, yellow area) and systolic pressure–time index (SPTI, gray area)

ratio. Blue lines show the left ventricular LV) pressure and red lines show arterial pressure in ascending aorta. Drawings on the left (I) show

an example of SEVR in a patient with preserved viscoelastic properties of the large arteries. Drawings on the right (II) show the example of

SEVR in a patient with arterial stiffness. Upper panels (A): SEVR assessed by invasive catheterization. DPTI represents the area between the

aortic and LV pressure curves in diastole; SPTI represents the area under the systolic LV pressure curve, including LV isovolumic

contraction time (ICT). Middle panels (B): non-invasive estimation of SEVR with arterial tonometry by the “traditional” method. DPTI and

SPTI are estimated from the areas below the central pressure wave during diastole and during systole, respectively. Lower panels (C): SEVR

estimated by the PulsePen® (DiaTecne srl, San Donato Milanese, Italy) tonometer (PulsePen® software, 2.3.2 version). DPTI is estimated

from the area below the diastolic phase of the carotid pulse pressure curve, after subtracting the LV diastolic pressure area, ICT, and

isovolumic relaxation times (IRT); SPTI is estimated from the area below the systolic phase of the carotid pulse pressure curve, to which the

area related to the ICT is added. LVET, left ventricular ejection time.

PROGNOSTIC VALUE OF LOW SEVR IN THE OLDER POPULATION 1051
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areas below the central aortic pressure wave during dias-
tole (surrogate for DPTI) and during systole (surrogate for
SPTI), respectively. (ii) A new method (Figure 1C), was
recently developed and validated in an attempt to make
the estimation of non-invasive SEVR more concordant
with the invasively measured SEVR by catheterization.16

In this improved method, DPTI was estimated from the
area beneath the diastolic phase of the carotid pulse pres-
sure curve, from which the areas corresponding to the
areas under the ventricular pressure curve during isovolu-
mic contraction and isovolumic relaxation phase and the
area relating to the left ventricular diastolic pressure were
subtracted. Isovolumic contraction time was estimated
according to a validated formula based on carotid-femoral
pulse wave velocity.17 Isovolumic relaxation time and left
ventricular mean diastolic pressure were automatically
estimated by the PulsePen® software (2.3.2 version)
(DiaTecne srl, San Donato Milanese, Italy) by a proprie-
tary validated algorithm.16 Similarly, SPTI was estimated
from the area below the systolic phase of the carotid pulse
pressure curve, to which the area related to isovolumic
contraction time is added.

Statistical analysis

Continuous variables are reported as mean ± standard
deviation (SD) for variables with normal distribution
(evaluated with Kolmogorov–Smirnov test) and as
median and interquartile range in cases of non-normally
distributed data. Categorical data are shown as frequen-
cies and proportions. Differences in anthropometric and
clinical variables were tested between patients with first
tertile and patients with second and third tertile of
SEVR values. The unpaired t-test was used to compare
normally distributed data while the homogeneity of
variances was assessed by Levene's Test for Equality of
Variances. The Mann–Whitney test was used to com-
pare data with non-normal distribution and the χ2

(Fisher's test in cases of an expected frequency <5) for
categorical variables.

The occurrence of total mortality according to tertiles
of SEVR was estimated using Kaplan–Meier curves for
graphic representation and compared by the log-rank
test. Cox regression multivariate models were used to
assess the relative risk (hazard ratio and 95% confidence
interval) of total mortality, according to each parameter
considered as a continuous or discrete variable. Non-
linearity in the relationship between continuous mea-
sures of the SEVR and risk of mortality was assessed
using restricted cubic splines regression model. Data
were fitted by a restricted cubic spline Cox proportional
hazards regression model, and the model was conducted

with 4 knots at the 5th, 35th, 65th, and 95th percentiles
of SEVR (reference is the 5th percentile).

Univariate analysis was performed to determine fac-
tors associated with total mortality. Variables that were
associated at the 0.20 significance level with total mor-
tality were subsequently included in the multivariate
Cox models. The proportional hazards assumption was
assessed on the basis of a test of Schoenfeld residuals
with the Cox regression. Sensitivity and specificity of
SEVR to predict total mortality were analyzed by ROC
(receiver operating characteristic) curve, and Youden's J
statistic was used as criterion for selecting the optimum
cut-off value. A p value <0.05 was considered statisti-
cally significant. Statistical analyses were performed
using SPSS v.20 statistical software package (SPSS Inc.,
Chicago, IL).

RESULTS

Among the 864 patients included in the study, 36 individ-
uals (5 males) were excluded from the study because they
had not performed a complete recording at both carotid
and femoral arterial sites (30), or because of poor quality
of the signal (4), or the appearance of bigeminal rhythm
(2). Statistical analysis was then performed on a total of
828 participants, 78% females, with a mean age (±SD)
of 87.7 ± 4.7 years. 735 patients died within 10 years of
study enrolment, 69 patients (60 females and 9 males)
completed the 10-year follow-up and 24 were lost to
follow-up. Table 1 shows the main clinical characteristics
of participants. Differences between participants with
respect to sex are shown in Supplemental Material,
Table S1. No relationship was found between SEVR
values and ADL and MMSE scores (see Supplemental
Material, Figure S1 and S2, respectively). Atrial fibrilla-
tion arrhythmia was present in 104 participants in the
study (= 12.6%) homogeneously distributed with respect
to the tertiles of SEVR values. These patients were
excluded in the first data analysis. In the second phase,
patients with atrial fibrillation were also included. The
results of the two analyses were totally overlapping,
therefore the results presented below also include
patients with atrial fibrillation.

Figure 2A shows the survival curves for total mortal-
ity according to the SEVR tertiles. The lowest tertile of
SEVR (SEVR<83%) was associated with higher total mor-
tality than the middle (p < 0.001) and the highest
(p < 0.004) tertile. The results obtained in the 5 and
7-year follow-up were totally comparable to those
obtained in the 10-year follow-up. The search for the
SEVR threshold as a predictor of mortality showed a bet-
ter sensitivity and specificity for SEVR values below 83%

1052 SALVI ET AL.
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(this value almost corresponds to the limit between the
low and medium tertile). Further analyses were then per-
formed by comparing the data referring to this SEVR
threshold (Figure 2B). Non-linearity in the relationship
between continuous measures of the SEVR and risk of mor-
tality is shown in Figure 3. There was no difference in the
male and female population (see Supplemental Material,
Figures S3 and S4). No significant differences were shown

stratifying SEVR tertiles separately into males and females
(see Figure S5 in Supplemental Material).

According to the univariate analyses, the following
variables were included in the multivariate Cox
models: sex, age, body mass index (BMI), ADL, MMSE,
and SEVR. Older age (p < 0.001), male sex (p < 0.001),
low ADL scale score (p < 0.001), low BMI (p = 0.002)
and low SEVR (p = 0.005) were independent determi-
nants of 10-years total mortality (Figure S6A in Supple-
mental Material). A significant role of SEVR on total

FIGURE 2 Survival curves (Log-rank analyses) for total

mortality according to the tertiles of subendocardial viability ratio

(SEVR). In the upper panel (A), the red line shows the 10-year follow-

up survival of patients at the low tertile (T1) of SEVR; the green line

shows the survival of patients at the medium tertile (T2) of SEVR; the

blue line shows the survival of patients at the high tertile (T3) of

SEVR. In the lower panel (B), the red line shows the 10-year follow-up

survival of patients at the low tertile (T1), while the black line shows

the survival of patients with SEVR values>83% (i.e., T2 + T3).

FIGURE 3 Association between continuous measures of the

subendocardial viability ratio (SEVR) and mortality using a

restricted cubic splines regression model. Upper panel (A) includes

the entire population enrolled in the study. Lower panel

(B) includes only the younger half of the enrolled population

(432 individuals, aged between 80 and 87 years). Graphs show

hazard ratios (HR) for mortality according to SEVR adjusted for sex

and age at enrollment in the study. Solid lines indicate HRs, and

shadow shapes indicate 95% confidence intervals (CI).
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mortality was observed in the medium- and long-term,
at 4-, 6-, 8- and 10-year follow-up (p in multivariate
analysis =0.009, 0.004, 0.003, and 0.015, respectively),
on the contrary, no predictive value was observed on
short-term mortality (p = 0.302 at 2-year follow-up)
(see Table S2 in Supplemental Material).

Heart rate, mean pressure during the diastolic
phase, and left ventricular ejection time were the
determining factors of the SEVR with a significant
predictive power on global mortality on a univariate
analysis. However, only heart rate maintained its pre-
dictive power (p = 0.028) when these variables were
included in a multivariate analysis together with sex,
age, BMI, ADL, and MMSE (p = 0.109 for mean dia-
stolic BP and p = 0.114 for left ventricular ejection
time) (Figure S7).

A further analysis was performed on the younger half
of the enrolled population (414 individuals, aged between
80 and 87 years). Figure S3 in Supplemental Material
shows the survival curves for total mortality in this youn-
ger cohort. In the latter younger population, age and BMI
did not represent a significant independent predictor of
totamortality, while low SEVR (p < 0.001), male sex
(p < 0.001), and low ADL (p < 0.001) were significantly
associated with mortality (Figure S6B in Supplemental
Material). In the older population over 87 years old, the
predictive value of SEVR on medium- and long-term
mortality is lost (p = 704) (see Supplemental Material,
Figures S8 and S9).

A similar analysis was conducted using the SEVR as
traditionally formulated on the basis of the simple rela-
tionship between the area below the diastolic phase and
the systolic phase of the central pressure curve. No pre-
dictive power on the global mortality of this “traditional”
SEVR was shown (Figures S10 and S11 in Supplemental
Material).

DISCUSSION

Our study investigated the prognostic significance of
estimating the imbalance between myocardial oxygen
supply and demand in a population with a baseline
age >80 years old living in nursing homes. This study
provides three noteworthy results. First, higher SEVR
values were associated with higher survival rates from
the fourth up to the tenth year of follow-up. Second, the
SEVR cutoff value of 83% was identified as the best pre-
dictor of total mortality. Third, in the prognostic assess-
ment of total mortality, it may be worthwhile to use
validated and accurate methods for the non-invasive
estimation of the subendocardial oxygen supply and
demand imbalance.

Low values of SEVR and total mortality

At the beginning of the 1970s G.D. Buckberg and
J.I.E. Hoffman introduced a useful index to assess cardiac
ischemic risk that reflects the relationship between sub-
endocardial oxygen supply and demand, also known as
the Buckberg index or SEVR. This index was defined by
analyzing left ventricular and aortic pressure curves dur-
ing invasive studies.5,6,18

Blood flow to subendocardial layers occurs during
diastolic phase of the cardiac cycle, and, in the absence of
coronary hemodynamically significant stenosis, the dia-
stolic pressure in coronary arteries is equal to diastolic
pressure in the ascending aorta. Thus, for a given heart
rate, subendocardial perfusion largely depends on the
coronary diastolic pressure. However, at the level of
the subendocardial layer, perfusion is opposed by the
intracavitary pressure of the left ventricle. Therefore, sub-
endocardial coronary flow depends on the pressure gradi-
ent in diastole between the coronary artery intravascular
pressure and left ventricular diastolic pressure. The area
between the aortic and the left ventricular pressure curve
in diastole (DPTI) can be considered a surrogate index of
blood flow to the subendocardium.

An efficient and complex autoregulating mechanism
ensures adequate myocardial perfusion in response to
rapid and abrupt hemodynamic changes in the cardiovas-
cular system by maintaining myocardial perfusion at con-
stant levels, despite the changes in thrust pressure
present in the ascending aorta and coronary arteries.19,20

However, once autoregulation fails, a decreased perfusing
pressure may not be compensated by coronary vasodila-
tion, or increased myocardial oxygen requirements may
not be compensated by an increase in flow, resulting in
myocardial ischemia. Once the coronary flow reserve is
exhausted, myocardial viability is warranted by the deli-
cate balance between oxygen supply and needs in the
subendocardium. This could be a condition that occurs in
the frail older people and that would justify the results of
the present study.

Oxygen consumption depends on myocardial work,
and it is mainly affected by the afterload. The area under
the aortic pressure curve in systole (SPTI), from the onset
of ventricular systole to the dicrotic notch, can be consid-
ered an effective surrogate index of the left ventricular
afterload and directly correlates with myocardial oxygen
consumption.

The SEVR is a useful and effective index to describe
the balance between cardiac blood flow supply (repre-
sented by DPTI) and demand (represented by SPTI).5,21

Aging-related stiffening of the large elastic arteries
causes a decrease in diastolic BP and an increase in sys-
tolic BP in the aorta. The result is a decrease in the balance
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between subendocardial oxygen supply and demand due
to reduced subendocardial blood supply and increased
ventricular afterload, respectively.22

In our study, reduced SEVR values were associated
with an increase in total mortality with significant hazard
ratios for mortality at 4, 6, 8, and 10 years, even in the
model adjusted for important covariates as age, sex, BMI,
MMSE, and ADL.

Considering the long follow-up period in relation to the
advanced age of the population studied, a separate analysis
was performed on the “younger” half of the participants,
aged between 80 and 87 years. Unexpectedly, age as well as
reduced BMI did not represent a significant prognostic fac-
tor for mortality in this population, while reduced SEVR
values reinforced their negative prognostic power. Actually,
the analysis of 10-year mortality data on the older popula-
tion (over 87 years) can hardly be considered as meaningful,
given the inescapably high mortality rate at this age.

Prognostic threshold value of SEVR

Another important goal of our study was to define the
optimal cut-off value of SEVR to discriminate the total
mortality risk in our cohort. A threshold equal to SEVR
values of 83% was identified as the best predictor of mid
and long-term mortality.

A number of studies showed that DPTI/SPTI ratio
(SEVR) values below a critical level (threshold value identi-
fied in 45%) were associated with ongoing subendocardial
ischemia,23 even in the absence of hemodynamically signifi-
cant coronary artery disease.6,18,24 A DPTI / SPTI ratio
below 45% is related to ischemic myocardial damage; our
study has shown that SEVR values below 83% were associ-
ated with a worse prognosis on total mortality in the
medium- and long-term. Starting from these results, we can
therefore consider that older persons with SEVR values
>83% (corresponding to the 33rd percentile in our popula-
tion) can less easily reach a discrepancy between myocardial
oxygen supply and demand in conditions of critical coronary
flow (frail patients with reduced coronary reserve and inade-
quate autoregulation of coronary flow, or important fall in
the diastolic perfusion pressure).

Non-invasive assessment of SEVR

The SEVR described in the 1970s by Buckberg and
Hoffmann required invasive arterial catheterization, and
this was a major limitation, which has restricted its appli-
cation in clinical practice. With the advent of arterial
applanation tonometry it has become possible to estimate
the SEVR in a non-invasive way. The “traditional”

method of estimating the SEVR totally ignores the role of
left ventricular diastolic pressure,25,26 isovolumic contrac-
tion, and isovolumic relaxation times. As the isovolumic
contraction time/ejection time ratio increases signifi-
cantly in patients with heart failure, the “traditional”
tonometric method may overestimate the myocardial
oxygen supply and demand ratio in these patients by
even 80%–100% with regard to its real value.16

Limitations

The main limitation of the present study is represented by
the difficulty in identifying the exact cause of death in this
very old population. The majority of our population was
over 90 at the time of death (average age 92.1 ± 4.9 years).
At that age, except for selected cases in which a precise
diagnosis of neoplastic disease was made, or in the pres-
ence of traumatic events (consequences of falls or syncopal
episodes), in the vast majority of cases the cause of death
was unknown and impossible to define correctly, being
multifactorial or the result of progressive wasting or senile
marasmus. In the majority of cases, death occurred in
retirement homes. There were rare hospitalized cases in
which it was possible to ascertain the causes of death.
Moreover, the search for biological markers of fragility
could have further clarified the results of the present
study, but these data were not available. Because reliable
information data regarding hospitalization was not avail-
able, this study is not able to assess relationship between
SEVER and this important outcome in older persons.
Another limitation is that our only measure of function
and frailty status were ADL and MMSE assessment; there-
fore we are unable to determine if there is a correlation
between our SEVER and frailty status or more robust mea-
sures of physical function. Moreover, the exclusion at the
time of enrolment of patients with impaired autonomy
(ADL <2/6) and with severe dementia (MMSE <12/30)
may have created a possible bias in patient selection. We
are aware that the results of our study cannot be necessar-
ily extended to the entire population over 80 years of age,
however, we believe that, despite these limitations, the
results of our study can be considered as part of the clini-
cal evaluation of the older population. Further studies are
needed to extend the results of our study to the non-
institutionalized population as well.

CONCLUSION

Low SEVR values, together with low ADL, and MMSE,
strongly predict medium- and long-term mortality in the
older population. Correct estimation of SEVR could help
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in risk assessment and may improve diagnostic and
therapeutic strategies in the older population, frail, and
individuals subjected to polytherapy. Further studies
are needed to confirm whether low SEVR values can be
considered as a marker of “cardiovascular frailty”.
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SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

Table S1. Clinical characteristics of the overall popula-
tion with respect to sex.
Table S2. Relationships between subendocardial viability
ratio (SEVR) and total mortality at the 2-, 4-, 6-, and 8-
year follow-up assessed on both univariate (Model 1) and
multivariate analyses (Model 2).
Figure S1. Subendocardial viability ratio (SEVR) values,
in relation to the activity of daily living (ADL) score at
the time of enrollment.

Figure S2. Subendocardial viability ratio (SEVR) values,
in relation to the minimal mental state examination
(MMSE) score at the time of enrollment.
Figure S3. Survival curves (Log-rank analysis) for total
mortality in the half population aged 80 to 87 years for
subendocardial viability ratio (SEVR) values above and
below 83%.
Figure S4. Survival curves (log-rank analysis) for total
mortality in females and males.
Figure S5. Survival curves (log-rank analysis) for total
mortality according to the tertiles of subendocardial via-
bility ratio (SEVR), stratifying SEVR tertiles separately
into males and females.
Figure S6. Relationships between subendocardial viabil-
ity ratio (SEVR) and total mortality assessed on both uni-
variate and multivariate analyses.
Figure S7. Predictive power (Cox univariate analysis) on
total mortality of the main haemodynamic parameters and
factors determining subendocardial viability ratio (SEVR).
Figure S8. Relationships between subendocardial viabil-
ity ratio (SEVR) and total mortality assessed on both uni-
variate and multivariate analyses in the over 87 years
population.
Figure S9. Survival curves (log-rank analyses) for total
mortality according to subendocardial viability ratio
(SEVR) values above and elbow 83% in the over 87 years
population.
Figure S10. Survival curves (log-rank analyses) for total
mortality according to the tertiles of subendocardial via-
bility ratio (SEVR) assessed by “traditional” method.
Figure S11. Relationships between subendocardial via-
bility ratio (SEVR) assessed by “traditional” method and
total mortality assessed on both univariate and multivari-
ate analyses.
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