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Abstract

Background—Diastolic dysfunction is common and associated with higher mortality in the end-
stage renal disease (ESRD) population. E/E’, a measure derived from tissue Doppler imaging
(TDI), is a correlate of left ventricular (LV) filling pressures. E/E’ may be viewed as a
confirmatory marker of diastolic dysfunction, but it is not routinely used to quantify diastolic
dysfunction. Whether E/E’ is associated with N-terminal brain natriuretic peptide (NT-proBNP) or
high sensitivity troponin T (hs-TnT) in this population is not known.

Methods—We performed echocardiograms and serology prior to the 2™ or 3'd dialysis session
of the week on thirty-five chronic hemodialysis patients. We compared TDI parameters (E/E’ and
E’ alone), traditional categories of diastolic function (normal, impaired, pseudonormal or
restrictive), and ejection fraction (EF) as potential predictors of the outcomes NT-proBNP and hs-
TnT.

Results—Higher E/E’ was associated with higher NT-proBNP (rho 0.48, p=0.004) and hs-TnT
(rho 0.37, p=0.03). EF did not have statistically significant associations with NT-proBNP (rho
-0.2, p=0.4) or hs-TnT (rho -0.24, p=0.16). As compared to patients with normal diastolic
function, those with impaired or pseudonormal filling patterns did not have significantly different
levels of NT-proBNP (p=0.46); patients in traditional categories of worsened diastolic function
actually had lower hs-TnT (p=0.02). The associations of E/E” with higher NT-proBNP and hs-TnT
persisted after multivariate adjustment for EF, LV mass and volume status.
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Conclusions—TDI may be more useful in evaluating cardiac function than traditional measures
of diastolic dysfunction in the ESRD population.

Keywords

Doppler tissue imaging; End-stage renal disease

Introduction

Diastolic dysfunction is common in patients with end-stage renal disease (ESRD) (1-3),
occurring in up to 100% of patients in one series (2). Heart failure accounts for 45% of
cardiovascular events (4), and diastolic dysfunction, as measured by tissue Doppler imaging
(TDI) is associated with higher mortality in the ESRD population (5-9). Despite its high
prevalence and associated morbidity, diastolic heart failure in the ESRD population remains
poorly understood and vastly undertreated, not only due to the absence of effective
treatments, but also due to limitations of current diagnostic imaging modalities and
terminology. For example, we currently lack methods to discriminate among the majority of
hemodialysis patients who fall into the category of mildly impaired diastolic function.
Furthermore, diastolic function can be difficult to measure accurately among patients on
hemodialysis due to frequent volume shifts.

E/E’ is the ratio of early blood velocity (E) to early tissue velocity (E’) at the mitral annulus
during left ventricular (LV) filling. E/E’ is associated in a linear fashion with invasively
measured LV filling pressures (7, 8); it is considered a surrogate measure of increased LV
wall stress, which itself is caused by multiple factors including volume overload and
ventricular stiffness. As such, higher E/E’ is sometimes used as an adjunctive measure of
diastolic function. NT-proBNP is a strong, independent predictor of mortality in the ESRD
population (10). NT-proBNP is renally cleared, unlike BNP (11). While the association of
E/E” with N-terminal brain natriuretic peptide (NT-proBNP) is established in cohorts
without chronic kidney disease (12-14), this association may not hold true in ESRD. One
aim of this study was to examine the relationship of E/E’, as a marker of LV wall stress,
with NT-proBNP in patients with ESRD; we hypothesized that categories based on E/E’
would more closely correlate with NT-proBNP than would traditional categories of diastolic
function (normal, impaired, pseudonormal and restrictive diastolic function). If true, this
would support the utility of E/E” in ESRD patients, in whom traditional categories of
diastolic dysfunction may not be reliable.

Another purpose of this study was to evaluate E/E’ as a marker of myocardial injury in this
population. Cardiac troponin T (cTnT) is a strong predictor of mortality among patients with
end-stage renal disease (15-19); this holds true when Troponin T is measured by the high
sensitivity troponin T (hs-TnT) assay, which detects troponin T in 100% of ESRD patients
(10). cTnT levels are associated with left ventricular hypertrophy (LVH) (19) and
macrovascular coronary disease (18). Yet, in some ESRD cohorts, severity of LVH did not
correlate with ¢cTnT levels (20); subclinical myocardial infarction was demonstrated by late
gadolinium enhancement in only a minority of ESRD patients with elevated cTnT (21).
Thus, structural and macrovascular heart disease appear not to be the only determinants of
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troponin T in patients with ESRD. We hypothesized that ventricular stiffness, one of the
contributing factors to E/E’, may be associated with myocardial injury, as measured by hs-
TnT, through a common causative mechanism such as microvascular disease.

Methods

Participants

We recruited and studied 40 patients on chronic hemodialysis from the San Francisco
Veterans Affairs Medical Center (SFVAMC), San Francisco General Hospital, and
University of California San Francisco (UCSF)-Mt. Zion Hospital between February 2010
and February 2011, and E/E’ was successfully measured in 35. The original aim of this
study was to measure echocardiographic changes during dialysis; patients underwent
echocardiograms directly before and then during the last hour of dialysis during a dialysis
session at the SFVAMC. For the current analyses, we utilized only pre-dialysis
echocardiograms. To be included, patients had to be on a stable chronic hemodialysis
regimen. Exclusion criteria were as follows: NYHA class 111 or 1V heart failure, significant
valvular disease, current treatment for infection, major surgery within 1 month, newly
diagnosed or metastatic cancer, myocardial infarction within the last 6 months, active
angina, ongoing cocaine or intravenous drug use, current chemotherapy, or cognitive deficit
limiting ability to give informed consent. Among eligible participants at the three chronic
hemodialysis units, thirty-five patients declined to participate, usually citing logistical
issues. The protocol was approved by the UCSF Committee for Human Research and the
SFVAMC Research and Development Committee, and patients gave written informed
consent.

Measurements

Predictors—Echocardiograms were performed immediately before dialysis using a
Siemens Sequoia Model C512 with a 3.5 MHz transducer. Date, time and patient
identification were removed from echocardiograms, which were then submitted to an
established reading center (Cardiocore Labs, Daly City CA) where they were read by a
single blinded reader (D.A.). LV mass was measured using a truncated ellipsoid technique
(22), then indexed to body surface area calculated by Mosteller formula (23). End diastolic
volume and end systolic volume were measured from images obtained in apical two- and
four- chamber views, and calculated according to the biplane method of discs (modified
Simpson’s rule) (22). E” was measured by TDI from the lateral mitral annulus. Traditional
categories of diastolic function were determined by a cardiologist (A.L.B.) using primarily E
to A ratio (E/A), mitral deceleration time, and pulmonary vein flow. E/E’ was considered as
a criterion for traditional diastolic function only if the pulmonary vein flow was equivocal or
discordant with the other variables. Participants with atrial fibrillation were not classified
into traditional categories of diastolic function; these three participants had missing data for
diastolic category, but E/E” was measured in all three. Impaired relaxation was defined as
E/A < 1.0; pseudonormalization defined as E/A >1.0 with diastolic dominant pulmonary
vein flow or E/E’ >10; restrictive diastolic function was defined as E/A > 1.5 with diastolic
dominant pulmonary vein flow or E/E’ >10 and mitral deceleration time <150 milliseconds.
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Outcomes—BIlood was collected immediately before dialysis for measurement of NT-
proBNP and hs-TnT. Assays for NT-proBNP and hs-TnT were performed at the University
of Maryland Clinical Chemistry Laboratories. The Roche NT-proBNP assay (Roche
Diagnostics, Indianapolis, Indiana) has an analytical range of 5 to 35,000 pg/ml and
coefficient of variation of <10% within this range. The Roche Elecsys immunoassay for
cardiac troponin T has an analytical range of 3 to 10,000 ng/L and a coefficient of variation
of 9% at 13.5 ng/L (the 99t percentile in a healthy reference group). (24)

Covariates—Data on demographics, comorbidities and medications were collected from
the medical record. Patients with a history of myocardial infarction, coronary stenting or
bypass were considered to have a history of coronary artery disease. Routine measurements
of systolic and diastolic blood pressure were performed by dialysis nurses with the patient
sitting, directly prior to dialysis, on the same day of the echocardiogram. We used routine
monthly laboratory work processed at the patients’ regular dialysis facilities for values of
serum calcium, phosphorus, parathyroid hormone, albumin and Kt/V (a unitless measure of
dialysis efficiency based on urea removal). Left atrial end systolic volume index (LAESVI),
an important correlate of diastolic dysfunction (25), was calculated as LAESV(ml)/body
surface area (m?2). Mitral annular calcification, which affects tissue Doppler measurements,
was graded as O for none, 1 for isolated lesion, 2 for patchy calcification, and 3 for
contiguous (>40% of region.)

Reproducibility of TDI Measurements—In the original study protocol, patients had
echocardiograms on 2 different days. In 15 patients who had repeat studies prior to dialysis
<=7 days apart, interobserver coefficient of variation for E/E’ was 14%. In 15 studies
examined in a blinded fashion by the reader D.A., intraobserver coefficient of variation for
E/E’ was 4.4%.

Statistical Analysis

We described patient characteristics in those above and below the median value of E/E’.
Next, we evaluated univariate associations of continuous echocardiogram parameters (E’,
E/E’, ejection fraction (EF) and LV mass index) and of potential covariates with NT-
proBNP and hs-TnT by spearman correlation. We chose to perform analyses for both E/E’
and E’ alone; we were interested in whether the TDI component (E’) was the driving factor
behind the strong associations of E/E’ (the most commonly used clinical TDI parameter)
with NT-proBNP and hs-TnT. In addition, categories of E/E’, diastolic dysfunction, and EF
were compared by log(NT-proBNP) and log(hs-TnT). We performed multivariate regression
of each biomarker on tertile of E/E’ and E’ alone by adjusting for covariates associated with
NT-proBNP, hs-TnT or E/E’ at a significance of <0.2. Due to the modest sample size, we
chose a priori to use a less restrictive p value to select covariates for multivariate analysis
and we limited models to five covariates.

Model 1 included demographics, comorbidities and laboratory variables (gender, months on
dialysis, renal disease attributed to diabetes or hypertension, calcium, hemoglobin). Model 2
included echocardiographic factors (EF and LV mass index). Model 3 included
hemodynamics and volume status (diastolic blood pressure, weight gain since last dialysis,
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inferior vena cava (IVC) diameter). In Model 4, we adjusted for NT-proBNP in the
association of TDI parameters with hs-TnT; we adjusted for hs-TnT in the association of
TDI parameters with NT-proBNP. Regression analyses were back-transformed to yield an
estimate for fold increase of biomarker per tertile of E/E’ or E’. All analyses were performed
using STATA 11 (StataCorp, College Station, TX, USA).

The mean (SD) age of our study cohort was 63(+14) years, the median dialysis vintage was
3 years, and 7(20%) were women. Diabetes was present in 17(49%) of our participants,
history of coronary artery disease (myocardial infarction, coronary stent, coronary artery
bypass graft) in 7(20%). Median (IQR) for E/E’ was 6.7 (6.0-9.6). The majority had normal
or mildly impaired diastolic function, and only three had ejection fraction <50%. (Table I)
Atrial fibrillation was present in 3 subjects, (9%) and the rest were in normal sinus rhythm.

E/E’ had strong univariate associations with NT-proBNP and hs-TnT. Considered alone, E
and E’ differed in their associations with these biomarkers. Defining statistical significance
as p<0.2, higher E was associated with higher NT-proBNP, but not with hs-TnT. Lower E’
was associated with higher hs-TnT and NT-proBNP. We evaluated several indicators of
volume status and found a number of significant associations: diastolic blood pressure
correlated with hs-TnT, weight gain since last dialysis correlated with E/E’ and E’, and IVC
expiratory diameter correlated with NT-proBNP. LAESVI was significantly correlated with
E/E’, E’ and both biomarkers. (Table 11) Compared to no MAC, MAC graded as contiguous
(grade 3, >40% of region) was associated with a 5 unit higher E/E’ (p=0.005), but grades 1
and 2 MAC were not associated with higher E/E’. Covariates that were not associated with
either biomarker or TDI included the following parameters: age, history of myocardial
infarction, diabetes, ‘current weight-dry weight,” systolic blood pressure, caval index,
phosphorus or Kt/V (Table 1). Higher tertiles of E/E’ were associated with higher NT-
proBNP and higher hs-TnT. Surprisingly, worse traditional categories of diastolic function
were associated with lower hs-TnT, and EF was associated with neither biomarker. (Figure

1)

Participants in the second tertile of E/E’ had 3-fold higher levels of NT-proBNP (p=0.07),
and those in the third tertile had 6-fold higher levels of NT-proBNP (p=0.003). These
associations were mildly attenuated by multivariate adjustment. (Table I11) In contrast, E’
alone did not have statistically significant associations with NT-proBNP. Participants in the
highest tertiles of E/E’ and E’ alone had higher levels of hs-TnT, and these associations
were independent of NT-proBNP. (Tables 111 and 1V) To test whether high grade MAC
affected these results, we analyzed unadjusted models for E/E’ and E’ excluding three
participants with Grade 3 MAC, and the results were not substantially different.

Discussion

In this study of hemodialysis patients, we report the novel finding that TDI (both higher
E/E’ and lower E’) are associated with higher hs-TnT independently of EF, LV mass and
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volume status. While higher E/E’ was strongly associated with higher NT-proBNP and hs-
TnT, EF and traditional categories of diastolic function were not.

It is notable that E/E’” was associated with myocardial injury, independent of LV mass index
and volume status indicators. Several factors likely contribute to patients’ measured E/E’,
including volume status and ventricular stiffness. Ventricular stiffness is a consequence of
diverse molecular and cellular processes. Biopsy studies from patients with heart failure and
preserved EF show a reduced fraction of elastic type titin, the sarcomeric protein that acts as
an elastic band to modulate myocyte stiffness. Microvascular endothelial dysfunction
potentiates cellular hypertrophy and stiffening by decreasing the availability of nitric oxide
for cardiomyocytes. Collagen deposition is upregulated, and fibrosis leads to a stiffer
ventricle (26). These processes do not always coincide with hypertrophy of total ventricular
mass. While hypertrophy is often a characteristic of diastolic dysfunction, diastolic
dysfunction may occur in the absence of hypertrophy. For example, in the Valsartan In
Diastolic Dysfunction trial only 3% of patients with diastolic dysfunction had
hypertrophy(27). It is possible that a common pathology, such as microvascular disease,
causes both ventricular stiffness and ischemic troponin leak, and this unmeasured
phenomenon underlies the association of E/E’ with hs-TnT.

Higher E/E’, a surrogate measure of LV filling pressures, is associated with higher mortality
in ESRD patients (5, 6, 9), and NT-proBNP independently predicts mortality in this
population (10). NT-proBNP is widely accepted as a biomarker of volume status and heart
failure in populations without chronic kidney disease (12-14). However, since it is cleared
by the kidneys (unlike BNP) (11), it is not known whether it correlates with any parameter
of cardiac function per se in chronic kidney disease populations or if it is largely a marker of
renal function. In this cohort of patients on hemodialysis, we found that E/E’ strongly
correlates with higher NT-proBNP. Remarkably, worsened traditional diastolic categories
were not associated with higher NT-proBNP and were associated with lower hs-TnT. These
findings suggest that TDI may be a useful marker of cardiac function in this population.

There are several limitations to our pilot study. The modest number of patients precluded
extensive multivariate regression and increases the chance of type Il error. Thus, we cannot
rule out associations that did not reach statistical significance among these participants and
cannot account for unmeasured confounders. In addition, we could not stratify analyses on
ejection fraction, since only three participants had ejection fraction <50%. TDI was
measured at the lateral annulus rather than averaging TDI from septal and lateral aspects of
the annulus. Although the utility of lateral annulus TDI in persons with normal ejection
fraction is supported by the literature (28, 29), it should be noted that our values for E/e’
would likely be lower than if they were averaged with septal TDI. Three participants with
atrial fibrillation could not be categorized by traditional diastolic categories, and this may
have influenced the association between traditional category and biomarker. The influence
of volume status on diastolic function represents an inherent conundrum for researchers of
diastolic function in patients with chronic kidney disease, who are often hypervolemic. We
lack a gold standard to assess volume status; while our estimates of volume status are
commonly used in clinical practice, weights and IVVC diameter are influenced by a number
of factors that cannot be controlled for, such as scale calibration and image quality. In
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addition, our studies were performed prior to a dialysis session, when volume status is not
optimized. Larger studies in which dialysis patients are studied on the day after dialysis
could address these limitations.

Nevertheless, this study demonstrates that TDI, systematically measured in hemodialysis
patients at a standard time in relation to dialysis and interpreted by a single blinded reader,
has strong, independent associations with both NT-proBNP and hs-TnT. Further research
may be warranted to identify a link between E/E’ and hs-TnT, such as microvascular
disease, that may contribute to both ventricular stiffness and ischemia. TDI may be more
useful in evaluating cardiac function than traditional measures of systolic and diastolic
dysfunction in this population.
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Figure I.

a, b. Comparison of Log(hs-TnT) and Log(NT-proBNP) Across Categories of E/E’,
Diastolic Function Category and Ejection Fraction

Higher tertiles of E/E’ were associated with higher NT-proBNP and hs-TnT with p<0.05.
Categories or worse diastolic function were not significantly associated with NT-proBNP,
but were associated with lower hs-TnT. Categories of lower ejection fraction did not have
statistically significant associations with either biomarker. *p for trend.
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