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Background: Time to intrinsicoid deflection (ID), the time from onset of the QRS complex to
the peak of the R wave on the electrocardiogram, represents delayed ventricular activation and
suggests that impaired myocardial function is present. It is unknown whether delayed time to
ID is predictive of future heart failure (HF) events.

Hypothesis: Delayed time to ID is predictive of future HF events.

Methods: A total of 6394 participants (mean age, 62 + 10 years; 54% women; 38% whites,
28% blacks, 22% Hispanics, 12% Chinese Americans) without clinically apparent cardiovascular
disease or major ventricular conduction delay (QRS 2120 ms) from the Multi-Ethnic Study of
Atherosclerosis were included. Time to ID was automatically measured from baseline electro-
cardiograms (2000-2002) as the maximum value in leads V5 and V. Cox regression was used
to compute hazard ratios (HRs) and 95% confidence intervals (Cls) for the association between
time to ID and HF.

Results: Over a median follow-up of 11.2 years, a total of 217 (3.4%) participants developed
HF (incidence rate per 1000 person-years: 3.33, 95% Cl: 2.91-3.80). In a multivariable Cox
regression analysis adjusted for demographics, cardiovascular risk factors, and potential con-
founders, each 10-ms increase in maximum time to ID was associated with an increased risk
for HF (HR: 1.42, 95% Cl: 1.15-1.74). The results remained similar when stratified by age, sex,
and race/ethnicity.

Conclusions: Delayed time to ID is able to identify individuals at risk for developing HF before
major ventricular conduction delays (eg, bundle branch block) are evident.
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1 | INTRODUCTION

Intrinsicoid deflection (ID) corresponds to the peak of the R wave.!
The time from beginning of the QRS complex to peak R wave is
described as the time to ID. This measure represents the time for
excitation to spread from the endocardial to the epicardial surface of
the left ventricle. Time to ID has been proposed to represent a more
accurate measure of delayed left ventricular (LV) activation due to
underlying structural abnormalities than QRS duration, which mea-
sures global ventricular activation.?

Several epidemiological studies have shown that the risk of inci-
dent heart failure (HF) increases with QRS prolongation, including the
presence of left bundle branch block.23~” In this framework, it is clear
that delayed global LV activation increases one’s risk for developing
HF. However, the risk afforded by a more accurate measure of
delayed LV activation, such as time to ID, has not been examined.

We hypothesized that time to ID will be predictive of future HF
events, as it is more likely to detect delayed LV activation due to
underlying abnormalities of LV function. We tested this hypothesis in
individuals free of apparent cardiovascular disease and major ventric-
ular conduction delays in the population-based Multi-Ethnic Study of
Atherosclerosis (MESA).

2 | METHODS

2.1 | Study Population

Details of MESA have been reported previously.® Briefly, between
July 2000 and September 2002, a total of 6814 persons were
recruited at 6 field centers (Baltimore, Maryland; Chicago, lllinois;
Forsyth County, North Carolina; Los Angeles, California; New York,
New York; and St. Paul, Minnesota). Participants were required to be
between 45 and 84 years of age and to have no clinical cardiovascu-
lar disease. All participants provided informed consent and the study
protocol was approved by the institutional review boards at each par-
ticipating institution. For the purpose of this analysis, participants
were excluded if they were missing the following: baseline time to ID
measurements (n = 104), HF follow-up data (n = 5), or baseline char-
acteristics (n = 28). We also excluded those with major ventricular
conduction delays (QRS duration 2120 ms, including complete left
and right bundle branch blocks; n = 283).

2.2 | Baseline Characteristics

Participant characteristics were collected during the initial MESA visit.
Age, sex, race/ethnicity, income, and education were self-reported.
Annual income was categorized as < $20 000 or > $20 000, and
education was categorized as “high school or less,” or “some college
or more.” Smoking was defined as ever (eg, current or former) vs
never smoker. Blood samples were obtained after a 12-hour fast, and
measurements of total cholesterol, high-density lipoprotein choles-
terol, and plasma glucose were used. Diabetes mellitus (DM) was
defined as fasting glucose 2126 mg/dL or a history of DM medication

use. Blood pressure was measured for each participant after

5 minutes in the seated position; systolic measurements were
recorded 3 separate times, and the mean of the last 2 values was
used. The use of aspirin, statins, and antihypertensive medications
was self-reported. Body mass index (BMI) was computed as the
weight in kilograms divided by the square of the height in meters.
Left ventricular hypertrophy was defined by the Cornell criteria (R-
wave amplitude in lead aVL + S-wave amplitude in lead V3 22.8 mV
in males and 22.0 mV in females) using baseline electrocardiogram
(ECG) data’
baseline ECGs.

Resting heart rate also was obtained from

2.3 | Time to Intrinsicoid Deflection

In MESA, 12-lead digital ECGs were obtained by trained technicians
on GE MAC 1200 ECG system (GE Healthcare, Milwaukee, WI) using
standardized procedures. Electrocardiograms were transmitted elec-
tronically to the MESA ECG Reading Center located at the Epidemiol-
ogy Cardiology Research Center (Wake Forest School of Medicine,
Winston-Salem, NC). According to MESA protocol, all filters in the
ECG machines were disabled to provide unfiltered measurements. All
ECGs were automatically processed, after visual inspection for tech-
nical errors and inadequate quality, using the 2001 version of the GE
Marquette 12SL program (GE Healthcare). As part of routine quality-
control measures regarding ECG data processing, trained staff per-
form visual inspection of main ECG waveforms and confirm
computer-detected ECG abnormalities. Time to ID was automatically
measured in leads Vs and Vg (the LV chest leads), and the maximum
of both values (in milliseconds) was used in the main analysis. QRS
duration also was used and computed as the average duration in all

leads.

2.4 | Heart Failure

The ascertainment of incident HF events has been previously
described.'® Participants were followed for incident cardiovascular
events from baseline through December 31, 2012. At intervals of
9 to 12 months, a telephone interviewer contacted each participant
to inquire about all interim hospital admissions, cardiovascular outpa-
tient diagnoses, procedures, and deaths. Additionally, MESA occa-
sionally identified medical encounters through cohort clinic visits,
participant call-ins, medical-record abstractions, or obituaries. Next-
of-kin interviews for out-of-hospital cardiovascular deaths also
were used.

The outcome of interest for this analysis was the composite of
probable and definite HF events. Definite or probable HF required
symptoms, such as shortness of breath or edema, as asymptomatic
disease is not a MESA endpoint. In addition to symptoms, probable
HF required a previous physician diagnosis and also for the patient to
be receiving medical treatment for HF. Definite HF required 21 other
criteria, such as pulmonary edema/congestion by chest x-ray; dilated
ventricle or poor LV function by echocardiography or ventriculogra-
phy; or evidence of LV diastolic dysfunction. For this analysis, systolic

and diastolic HF events were grouped together.
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2.5 | Statistical Analysis

Baseline characteristics were compared by HF status. Categorical
variables were reported as frequency and percentage; continuous
variables were recorded as mean + SD. Statistical significance for
categorical variables was tested using the y? method and the t test
for continuous variables.

Follow-up time was defined as the time between the baseline time
to ID measurement until a diagnosis of HF, death, loss to follow-up, or
end of follow-up (December 31, 2012). To explore the potential nonlin-
ear association between time to ID and HF, we used a restricted cubic
spline model with incorporated knots at the 5th, 50th, and 95th percen-
tiles.!* Kaplan-Meier estimates were used to compute the cumulative
incidence of HF stratified by the maximum time to ID value of 45 ms
(delayed time to ID) based on the results of the restricted cubic spline
model, and the difference in estimates was compared using the log-rank
procedure. Cox regression was used to compute hazard ratios (HRs)
and 95% confidence intervals (Cls) for the association between time to
ID and HF. P values were computed using the likelihood ratio test. Mul-
tivariable models were constructed as follows: Model 1 adjusted for
age, sex, race/ethnicity, income, and education; Model 2 adjusted for
Model 1 covariates plus systolic blood pressure, heart rate, smoking,
DM, BMI, cholesterol, high-density lipoprotein cholesterol, aspirin, sta-
tins, antihypertensive medications, and left ventricular hypertrophy. We
tested for interactions between our main effect variable and age
(dichotomized at the median age of the study population: 61 years), sex,
and race/ethnicity (whites vs nonwhites). A sensitivity analysis was per-
formed in which the association between time to ID and HF was exam-
ined by HF subtype (eg, systolic vs diastolic).

An additional analysis was performed using covariates (age, heart
rate, systolic blood pressure, BMI, DM, coronary heart disease, valve dis-
ease) from the Framingham HF risk score to determine whether delayed
time to ID was able to improve prediction of future HF events.'? We
computed the Harrell concordance index (C-index) for the model with
and without delayed time to ID using methodology developed for sur-
vival analyses.'® The added predictive ability of delayed time to ID was
investigated using integrated discrimination improvement (IDI) and rela-
tive IDL.* The IDI quantifies the increase in the difference between
mean predicted risks for participants who do and do not develop HF
after adding delayed time to ID to the model. Additionally, net reclassifi-
cation improvement (NRI), which quantifies any desirable change in pre-
dicted risk, was computed using the following risk categories: <2.5%,
2.5% to 5%, and >5%. Confidence intervals for both IDI and NRI were
computed using bootstrapping with 1000 replicates.®

To compare the predictive ability of delayed time to ID with QRS
duration, several sensitivity analyses were performed. We compared
the predictive ability of time to ID with the peak R wave to QRS end
duration. We also examined the HF risk associated with intraventri-
cular conduction delay (QRS >100 ms) and delayed time to ID
(>45 ms) in separate models. Additionally, we examined the HF risk
in participants with both intraventricular conduction delay and
delayed time to ID to determine if delayed time to ID was able to
provide additional prognostic information beyond QRS duration.

The proportional hazards assumption was not violated in our
analyses. Statistical significance was defined as P < 0.05. SAS version

9.4 (SAS Institute, Inc., Cary, NC) was used for all analyses.
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3 | RESULTS

A total of 6394 participants (mean age, 62 + 10 years; 54% women;
38% whites, 28% blacks, 22% Hispanics, 12% Chinese Americans)
were included in the final analysis. Baseline characteristics stratified
by incident HF are shown in Table 1.

Over a median follow-up of 11.2 years, a total of 217 (3.4%) par-
ticipants developed HF (incidence rate per 1000 person-years: 3.33,
95% Cl: 2.91-3.80). A dose-response relationship was observed
between maximum time to ID and the risk of HF. The Figure 1 shows
the association with HF across maximum time to ID values. The risk
of future HF events increased considerably with time to ID values
>45 ms. See Supporting Information, Figure, in the online version of
this article for the cumulative incidence of HF events stratified by
time to ID value of 45 ms.

In a Cox regression analysis adjusted for sociodemographics, car-
diovascular risk factors, and potential confounders, each 10-ms
increase in maximum time to ID was associated with an increased risk

for HF (Table 2). Similar results were obtained when individual time

TABLE 1 Baseline Characteristics (N = 6394)

HF, No HF, P

Characteristic n =217 n = 6177 Value®
Age,y 68 + 8.8 62 + 10 <0.0001
Male sex 127 (59) 2831 (46) 0.0002
Race/ethnicity

White 87 (40) 2326 (38)

Chinese American 16 (7.0) 765 (12)

Black 63 (29) 1709 (28)

Hispanic 51 (24) 1377 (22) 0.18
Education, high school or 97 (45) 2239 (36) 0.011

less
Income < $20 000 81 (37) 1635 (26) 0.0004
BMI, kg/m? 30 + 6.3 28 + 54 <0.0001
Ever smoker 123 (57) 3028 (49) 0.027
DM 77 (35) 811 (13) <0.0001
SBP, mm Hg 139 + 23 126 + 21 <0.0001
Total cholesterol, mg/dL 190 + 34 195 + 36 0.059
HDL-C, mg/dL 48 + 13 51+ 15 0.0049
Antihypertensive 126 (58) 2211 (36) <0.0001

medications
Aspirin 76 (35) 1420 (23) <0.0001
Statin 40 (18) 894 (14) 0.10
LVH 19 (8.8) 204 (3.3) <0.0001
QRS duration, ms 94 + 98 91 + 9.7 0.0003
Lead Vs time to ID, ms 35+ 71 34 + 6.8 0.13
Lead V, time to ID, ms 36 +78 35+ 76 0.031
Maximum time to ID, ms 38 + 6.9 37 + 64 0.049
Heart rate, bpm 66 + 10 63 + 9.6 <0.0001

Abbreviations: BMI, body mass index; bpm, beats per minute; DM, dia-
betes mellitus; HDL-C, high-density lipoprotein cholesterol; HF, heart
failure; ID, intrinsicoid deflection; LVH, left ventricular hypertrophy; ms,
millisecond; SBP, systolic blood pressure; SD, standard deviation; v,
years

Data are presented as n (%) or mean + SD.

Statistical significance for continuous data was tested using the t test;
categorical data were tested using the y? test.
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FIGURE 1 Multivariable risk of HF by time to ID. Each HR was computed with the median time to ID value of 36 ms as the reference and was

adjusted for age, sex, race/ethnicity, education, income, heart rate, SBP, smoking, DM, BMI, cholesterol, HDL-C, aspirin, statins, antihypertensive
medications, and LVH. Dotted lines represent the 95% CI. Abbreviations: BMI, body mass index; Cl, confidence interval; DM, diabetes mellitus;
HDL-C, high-density lipoprotein cholesterol; HF, heart failure; HR, hazard ratio; ID, intrinsicoid deflection; LVH, left ventricular hypertrophy; ms,

millisecond; SBP, systolic blood pressure.

TABLE 2 Risk of HF?

Model 1, HR (95% CI)° P Value Model 2, HR (95% CI)° P Value
Lead V5 time to ID 1.22 (1.01-1.48) 0.039 1.28 (1.05-1.56) 0.013
Lead V¢ time to ID 1.29 (1.08-1.54) 0.0052 1.34 (1.12-1.61) 0.0014
Maximum time to ID 1.35 (1.10-1.65) 0.0040 1.42 (1.15-1.74) 0.0010
Peak R wave to QRS end 1.07 (0.93-1.22) 0.38 0.98 (0.85-1.13) 0.80

Abbreviations: BMI, body mass index; Cl, confidence interval; DM, diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; HF, heart failure; HR,
hazard ratio; ID, intrinsicoid deflection; LVH, left ventricular hypertrophy; ms, millisecond; SBP, systolic blood pressure.

2HR presented for time to ID per 10-ms increase.

bAdjus:ted for age, sex, race/ethnicity, education, and income.

“Adjusted for Model 1 covariates plus heart rate, SBP, smoking, DM, BMI, cholesterol, HDL-C, aspirin, statins, antihypertensive medications, and LVH.

to ID measurements in V5 and V, were used (Table 2). The results did
not vary when the analysis was stratified by age, sex, or race/ethnic-
ity (Table 3).

Of the 217 HF cases, 194 (108 systolic cases, 86 diastolic cases)
had available data on HF subtype. When we separated the analysis
by HF subtype, the relationship between maximum time to ID (per
10-ms increase) and HF was limited to systolic cases (HR: 1.56, 95%
Cl: 1.17-2.09) and not diastolic cases (HR: 1.37, 95% Cl: 0.99-1.89).

When maximum time to ID was included in the Framingham HF
risk score, it improved the predictive ability of the original risk score
beyond original covariates (Table 4). The categorical NRI showed that
the addition of time to ID did improve the predictive ability of the
risk score. The reclassification of participants who did and did not
develop HF is shown in Supporting Information, Table, in the online
version of this article.

Peak R wave to QRS end duration was not predictive of HF
events (Table 2). The HF risk associated with delayed time to ID
(>45 ms: HR: 1.77, 95% Cl: 1.21-2.59) was greater than the risk
observed with intraventricular conduction delay (QRS >100 ms: HR:
1.44, 95% Cl: 1.04-1.98). Also, the HF risk in participants with both
intraventricular conduction delay and delayed time to ID (HR: 2.12,
95% Cl: 1.27-3.53) was greater than the risk observed with intraven-

tricular conduction delay in isolation.

4 | DISCUSSION

In this analysis from MESA, time to ID was significantly associated
with an increased risk for future HF events among a population of
adults without clinically apparent cardiovascular disease or major ven-
tricular conduction delays. This measure was shown to improve the
predictive ability of the Framingham HF risk score beyond original
covariates. Additionally, time to ID, and not peak R wave to QRS end
duration, was associated with incident HF. We also observed a higher
HF risk in participants with the combined presence of intraventricular
conduction delay and delayed time to ID than with intraventricular
conduction delay in isolation. In aggregate, our data suggest that time
to ID is a useful marker to identify individuals who are high risk for
future HF events, and it is able to provide additional prognostic infor-
mation beyond traditional markers of global ventricular depolarization
(eg, QRS duration).

The association between global measures of delayed ventricular
activation (eg, QRS duration) and HF has been examined exten-
sively.s'(> Additionally, an analysis from MESA has shown that the risk
of HF increases considerably with intraventricular conduction delay
(QRS duration >100 ms).” In contrast, the current analysis showed
that delayed time to ID is associated with future HF events among

participants without evidence of major ventricular conduction delays,
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TABLE 3 Risk of HF by Age, Sex, and Race/Ethnicity®

Events/No. at Risk Model 1, HR (95% CI)° P Value Model 2, HR (95% CI)¢ P Value Interaction P Value®

Age, y¢ 0.56

<61 45/2979 1.19 (0.75-1.89) 0.47 1.30 (0.82-2.06) 0.27

261 172/3415 1.32 (1.05-1.67) 0.017 1.37 (1.08-1.73) 0.0087
Sex 0.14

M 127/2958 1.50 (1.15-1.9¢) 0.0028 1.61(1.23-2.12) 0.0006

F 90/3436 1.16 (0.84-1.60) 0.37 1.20 (0.86-1.67) 0.27
Race/ethnicity 0.69

White 87/2413 1.27 (0.92-1.75) 0.14 1.32 (0.95-1.81) 0.095

Nonwhite 130/3981 1.41 (1.08-1.84) 0.011 1.45 (1.10-1.90) 0.0079

Abbreviations: BMI, body mass index; Cl, confidence interval; DM, diabetes mellitus; F, female; HDL-C, high-density lipoprotein cholesterol; HF, heart fail-

ure; HR, hazard ratio; ID, intrinsicoid deflection; LVH, left ventricular hypertrophy; M, male; ms, millisecond; SBP, systolic blood pressure.

?HR presented for maximum time to ID per 10-ms increase.

bAdjusted for age, sex, race/ethnicity, education, and income.

“Adjusted for Model 1 covariates plus heart rate, SBP, smoking, DM, BMI, cholesterol, HDL-C, aspirin, statins, antihypertensive medications, and LVH.

YInteractions tested using Model 2.

Stratified by the median age for study participants.

TABLE 4 Reclassification of HF Risk
C-Index (95% Cl)

IDI (95% CI)

Relative IDI (95% ClI) NRI (95% CI)°

0.773 (0.744-0.803)
0.780 (0.752-0.809)

Framingham?®

Framingham?® + maximum time to ID

0.34% (0.10%-0.59%)

8.9% (2.5%-16%) 6.9% (1.5%-13%)

Abbreviations: BMI, body mass index; Cl, confidence interval; DM, diabetes mellitus; HF, heart failure; HR, hazard ratio; ID, intrinsicoid deflection; IDI,
integrated discrimination improvement; max, maximum; NRI, net reclassification improvement; SBP, systolic blood pressure.

2Adjusted for age, heart rate, SBP, BMI, and DM.
bPresented for the following risk categories: <2.5%, 2.5%-5.0%, >5.0%.

and that the HF risk associated with intraventricular conduction delay
is greater when accounting for delayed time to ID. The relationship
between delayed time to ID and HF was limited to systolic cases, but
we acknowledge that our study possibly was underpowered to detect
a significant result for diastolic events. We also demonstrated that
the risk of HF associated with the QRS complex is limited to the
beginning of the QRS complex to the peak of the R wave (eg, time to
ID). This suggests that additional prognostic information is gained
with time to ID beyond QRS duration, a marker of global ventricular
conduction. Therefore, time to ID possibly is able to identify subclini-
cal structural abnormalities that increase one'’s risk for future HF
events rather than the characteristic delayed-conduction abnormal-
ities detected with QRS duration. Our data also show that time to ID
is a useful tool for HF risk prediction, as this measure was able to
improve the discriminatory capacity of the Framingham HF risk score
beyond covariates included in the original model. Overall, our findings
provide evidence that time to ID is a novel ECG marker that identifies
persons who possibly will benefit from evaluation for underlying
structural abnormalities that predispose to HF.

Delayed time to ID is thought to represent conduction delay sec-
ondary to increases in LV cavity size rather than delayed conduction
observed in bundle branch blocks. This is supported by a recent
examination of 146 adults with aortic insufficiency that found
delayed time to ID to be highly predictive of a reduced ejection frac-
tion (<50%) with a specificity of 89.1%.1¢ Additionally, delayed time
to ID has been shown to suggest volume overload (eg, increased left

ventricular end-diastolic volume) in patients with chronic mitral

regurgitation.?” These findings that link delayed time to ID with LV
dysfunction suggest that time to ID is able to detect subclinical ana-
tomical abnormalities that predispose to HF. Our findings support this
argument, as the association between QRS complex and HF was lim-
ited to time to ID and the association between intraventricular delay
and HF strengthened when we accounted for delayed time to ID.

4.1 | Study Limitations

The current study should be interpreted in the context of several lim-
itations. Incident HF cases were identified by subsequent study visits,
follow-up phone calls, and the examination of hospitalization data,
including International Classification of Diseases codes. Despite this
effort to account for all HF cases, incident HF cases possibly were
missed. However, we do not know of any reason to suggest that the
resulting bias, if any, would have been differential in nature, rather
than merely reducing effect estimates toward the null (eg, diminishing
power to detect a statistically significant result). Also, several poten-
tial confounders were included in our multivariable models, but simi-
lar to other epidemiological studies, we acknowledge that residual

confounding remains a possibility.

5 | CONCLUSION

We have shown that delayed time to ID is associated with the devel-

opment of future HF events before major ventricular conduction
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delays (eg, bundle branch block) are evident. Additionally, this ECG meas-
ure improves the discriminatory capacity of the Framingham HF risk score
and is able to provide additional prognostic information beyond traditional
markers of global ventricular depolarization (eg, QRS duration). Further
research is needed to explore the potential usefulness of this marker to

reduce the future burden that HF will place on the health care system.
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