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Abstract
Light chain amyloidosis (AL) is associated with high mortality. The aim was to identify
echocardiographic parameters that predict AL long-term mortality.

Methods/Results—42 biopsy-proven AL subjects (43% females; 61±12 years) had
echocardiography and followed 29±16 (median 29.4) months. Standard echocardiographic and
clinical parameters and heart failure (HF) class were tested using univariate/multivariable Cox
proportional hazard regression analyses to identify markers of mortality. 23 subjects died with 1-
year mortality of 44%. Univariate predictors of mortality were HF class (p<0.001), left ventricular
systolic ejection time (ET, p=0.002), alkaline phosphatase (p<0.001), aspartate and alanine
aminotransferase (p=0.003 each). On multivariable analysis, only HF Class (hazards ratio, 95%
confidence interval, p-value: 4.86, 1.58-14.9, p=0.006), ET (10 ms increase, 0.87, 0.78-0.97, p=0.01)
and alkaline phosphatase (10 U/L increase, 1.04, 1.01-1.06, p=0.01) were prognostic. ET≤240 ms
had sensitivity/specificity of 61/90% in predicting 1-year mortality and 73/90% in predicting 1-year
cardiac mortality.

Conclusions—AL amyloidosis was associated with high long-term mortality. Among
echocardiographic and clinical parameters, only ET and alkaline phosphatase had incremental value
to HF class in predicting mortality. This may be useful to identify high-risk patients.

Light chain or primary amyloidosis (AL) is a plasma cell dyscrasia with monoclonal production
and extracellular deposition of immunoglobulin light chains in multiple organs 1-3. The
accumulation of fibrillar amyloid deposits in the heart, kidneys, liver and nervous system leads
to organ failure and death. It is associated with poor prognosis with median survival reduced
to 4 months in patients with heart failure 4, 5. The early identification of high risk patients is
important for risk stratification. Echocardiography is an important noninvasive tool to assess
cardiac involvement with classic findings of ventricular thickening and diastolic dysfunction
with often preserved left ventricular ejection fraction 6-8. However, early systolic dysfunction
is increasingly recognized with more sensitive techniques such as strain imaging 9, 10 and
regional systolic dyssynchrony or hypersynchrony has recently been reported in AL subjects
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11, 12. Prior retrospective studies of AL patients demonstrated prognostic value for
echocardiography-derived abnormal deceleration time, ratio of peak early mitral inflow to late
mitral inflow velocity (E/A ratio) as well as the Tei index that incorporates ejection time and
isovolumetric relaxation/contraction time 13, 14. Recently, with a median follow up of 13
months, Bellavia and colleagues reported that the most important echocardiographic predictor
of mortality was reduced left ventricular systolic ejection time (ET) although the underlying
mechanistic basis behind the increased risk remains unknown 11. We hypothesized that
standard echocardiographic structural, systolic and diastolic measures can identify AL patients
at risk of dying on long-term follow up. The aim of our study was to determine
echocardiographic indices that have independent additive value to presenting heart failure class
in predicting long-term mortality in AL subjects.

MATERIALS AND METHODS
Patient Population

Between May 2005 and June 2009, 42 consecutive subjects with biopsy-proven diagnosis of
AL amyloidosis and elevated kappa or lambda immunoglobulin light chains on serum or urine
seen at our institution were included. The study was approved by the local Institutional Review
Board (IRB). Thirty seven subjects gave informed consent as part of a longitudinal study of
AL amyloidosis. Five subjects suspected of AL amyloidosis undergoing diagnostic workup
expired before recruitment to the study and waiver of consent authorization was obtained from
the IRB for data collection. All five had biopsy evidence of amyloidosis and elevated light
chains on serum or urine. They were included in the analysis to capture all consecutive patients
with AL seen at our institution. The survival status of subjects was verified from hospital or
outpatient clinic records as well as by Social Security Death Index 29±16 months (median 29.4
months) from the echo examination.

Echocardiography
Routine clinical echocardiography was performed using General Electric Vivid 7 (Waukesha
WI) or Philips IE 33, 7500 and 5500 (Bothell WA) echo using adult cardiac probe. The diastolic
anteroseptal and inferolateral thickness were measured from parasternal long axis view at the
level of the tips of the mitral leaflets. Left ventricular mass was derived using the formula: 0.8
[1.04{(It+LVID+At)3-LVID3}]+0.6 15 and indexed to body surface area. Left atrial volume
index was calculated using area length method in the four and two chamber views 16. Ejection
fraction was obtained using area length method from the 4 chamber view 16. ET was measured
as the duration of flow using standard pulsed wave Doppler with sample volume in the left
ventricular outflow tract just below the aortic valve leaflets 11. ET corrected to cycle length
was obtained by dividing ET with cycle length. Preejection period (PEP) was measured as the
time interval between R wave on ECG and beginning of left ventricular outflow tract flow.
The ratio of PEP to ET was also obtained. Diastolic function was evaluated using pulsed
Doppler of mitral inflow velocity measuring peak early mitral inflow velocity (E), peak late
mitral inflow velocity during atrial contraction (A), E/A ratio and time from peak early mitral
inflow velocity (E) to zero baseline (deceleration time, DT). Pulsed-wave tissue Doppler was
performed at the lateral mitral annulus using a sample volume gate of 0.4 cm in the apical four
chamber view to measure the early annulus velocity E’. The ratio of peak early mitral inflow
velocity (E) and mitral annular velocity (E’), or E/E’ was calculated. Mitral annular peak
systolic velocity (S’) was also obtained. The images were loaded into an Xcelera workstation
(version 1.2 L4-1.2.4 140, Philips Medical, Bothell WA) for offline analyses. It is standard
clinical practice in our laboratory to obtain at least 3 Doppler waveforms for patients in sinus
rhythm and 5-10 in patients with atrial fibrillation. For the purpose of this study, Doppler
measurements were performed in 1 representative beat (except in 4 patients with atrial
fibrillation where 5 measurements were averaged). To determine consistency of Doppler
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measurements, 15 AL patients in sinus rhythm were randomly selected and reanalyzed. For
left ventricular ejection time, the coefficients of variability were as follows: beat to beat per
patient 0.3%, intraobserver 0.7% and interobserver 2.9%.

Clinical Parameters
Presenting New York Heart Association heart failure class (I-IV) was assessed at the time of
echocardiography and adjudicated by a cardiologist based on presenting symptoms and signs
according to established clinical standards 17. Data on age, gender, systolic blood pressure,
heart rate, creatinine, alkaline phosphatase, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were obtained.

Data Analyses and Statistics
Data are expressed as mean ±standard deviation. Continuous variables were compared between
groups using Student’s t-test (for normal distribution) or Mann-Whitney rank sum test (for
non-normal distribution) using SigmaStat 3.5 software (Systat Software, Inc., Point Richmond
CA). Categorical variables were compared using Fisher’s exact test. Significant p-value was
set at 0.05. Stratified estimates of survival probabilities were computed using Kaplan-Meier
estimators 18, with log-rank tests used to test for group differences in survival curves (MedCalc
9.6.4.0, Mariakerke, Belgium). Primary analysis involved all-cause mortality but cardiac
mortality (heart failure, arrhythmia, heart block and myocardial infarction) was also used as
another outcome. Cox stepwise multivariable analysis was performed and echocardiographic
and clinical indices with univariate p<0.1 and heart failure class were included in the model
using SAS 9.2 (The SAS Institute, Cary NC). Receiver operating characteristic curve analysis
was performed to determine the sensitivity, specificity and likelihood ratio of ejection time in
predicting 1-year mortality among patients who were censored or alive after 1-year follow up
(MedCalc 9.6.4.0, Mariakerke, Belgium). Likelihood ratio analysis was used to determine the
ejection time cutoff that would optimally provide the best combination of sensitivity and
specificity. For observer variability, coefficient of variability was calculated as mean difference
between readings divided by mean of all readings multiplied by 100%.

The authors had full access to the data and take responsibility for its integrity. All authors have
read and agree to the manuscript as written.

RESULTS
There were 18 females and the mean age was 61±12 years old. Biopsy was positive for amyloid
in the heart (N= 6), kidneys (N=20), bone marrow (N=12), abdominal fat pad (N=6), liver, hip
bone and gastrointestinal tract (N= 2 each), tongue, clavicle and axillary mass (N=1 each). All
subjects had abnormal elevation of lambda or kappa light chains in serum, urine or bone
marrow. New York Heart Association functional classes were as follows: I: 18 (43%), II: 13
(31%), III: 3 (7%) and IV: 8 (19%). Thirty eight (90%) received chemotherapy and 13 (31%)
received autologous stem cell transplantation. Two patients refused chemotherapy while two
subjects were ineligible for chemotherapy due to advanced heart failure.

Echocardiographic and clinical parameters are shown in Table 1. Overall left ventricular
systolic function (ejection fraction) was preserved. Similarly, mitral annular peak systolic
velocity (S’) showed values closer to published values in normal subjects than subjects with
heart failure from systolic dysfunction 19, 20. There was moderate thickening of the left
ventricle and increased estimated left ventricular mass index. There was evidence of diastolic
dysfunction in the cohort. There was increased left atrial volume index, reduced peak mitral
annular early diastolic velocity (E’) and increased ratio of peak early diastolic mitral inflow to
peak mitral annular early diastolic velocity (E/E’) suggesting elevated left atrial pressure.
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Overall the cohort had reduced renal function while mean alkaline phosphatase, aspartate and
alanine aminotransferase were within normal limits.

On follow-up, 23 subjects died with 1-year mortality rate of 44% (Table 2, Figure 1). The most
frequent cause of death was heart failure or arrhythmias. Fifteen (71%) of the known causes
of death involved a cardiac cause. Heart failure class was a significant predictor of mortality
from univariate and multivariate analyses (Table 3, Figure 1).

Liver function tests, heart failure class presentation and ET were significant univariate
predictors of mortality (Table 3). Among echocardiographic indices, only ET was a univariate
predictor of mortality. When comparing echocardiographic indices between AL patients who
did not present with heart failure (NYHA Class I) versus those who did (NYHA Class II-IV),
E’, deceleration time, E/A ratio, left atrial volume index, left ventricular mass index and
inferolateral wall thickness were different between the two groups. ET, on the other hand, was
not significantly different between the two groups with a trend towards lower ET in Class II-
IV (Table 1). On multivariable analysis, heart failure class, ET and alkaline phosphatase were
the only independent predictors of mortality in AL (Table 3). AL subjects with ET≤240 ms
had significantly higher all-cause mortality as well as cardiac death than those with ET>240
ms (Figure 1). On receiver operating characteristic curve analysis, ET≤240 ms had 61%
sensitivity and 90% specificity for predicting 1-year all-cause mortality in AL subjects
(p<0.001, Figure 2). Using different cutoff values, the sensitivity and specificity are 67/80%
(ET≤250 ms) and 72/70% (ET≤260 ms), respectively. For predicting 1-year cardiac death,
ET≤240 ms had 73% sensitivity and 90% specificity (p<0.001, Figure 2).

Patients with ET≤240 ms had significantly higher ventricular thickness and left ventricular
mass index compared to those with ET>240 ms (Table 4). Ejection fraction and diastolic
function indices were similar between the two groups.

DISCUSSION
In this cohort of light chain amyloidosis subjects, presenting heart failure class was a strong
and independent predictor of mortality. Among echocardiographic structural, systolic and
diastolic functional indices, only left ventricular ejection time had additive independent
prognostic value to heart failure class. Ejection time of ≤240 ms was associated with increased
mortality and had good sensitivity and specificity for predicting 1-year all-cause mortality as
well as 1-year cardiac death. Liver function assessed by alkaline phosphatase level was also
an independent predictor of mortality in AL.

Our findings are consistent with prior studies that reported adverse consequences in the
presence of heart failure, with median survival of less than 5 months 4, 21. In AL, extent of
cardiac involvement is the most important determinant of clinical outcome 22. Cardiac
involvement is thought to be present in ~50% of light chain amyloidosis cases 2, but recent
studies using late gadolinium enhancement magnetic resonance imaging suggest cardiac
involvement could be as high as 70% or more 23, 24. Echocardiography is an established
noninvasive means to evaluate the presence and extent of cardiac involvement. On 2D echo,
thickened myocardium with “granular sparkling” appearance and reduced left ventricular
systolic function are seen in amyloid patients 8. Doppler echo demonstrate diastolic dysfunction
with increased E/A ratio as a result of impairment in ventricular compliance leading to shorter
deceleration time, reduced pulmonary vein peak systolic velocity and progressively more
restrictive physiology 6, 7. Pulsed tissue Doppler also show impaired longitudinal myocardial
velocity 9, 10. More recently, early systolic dysfunction has been reported in AL patients in the
form of intraventricular regional dyssynchrony measured by strain 11 or 3-dimensional
echocardiography 12.
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The prognostic value of Doppler assessment of diastolic function has been described by Klein
and colleagues when they reported increased cardiac mortality in AL patients with deceleration
time less than 150 ms (mean duration of follow-up of 18 months) and found that reduced
deceleration time together with increased E/A ratio were stronger prognosticators than
ventricular thickness and fractional shortening using bivariate analyses 13. Their findings were
consistent with studies showing the lack of prognostic value of ventricular thickness and
ejection fraction 5. Mitral annular peak systolic velocity is a measure that parallels left
ventricular ejection fraction; the values obtained in our cohort is closer to the values reported
by previous investigators in normal subjects than to the values in subjects with systolic
dysfunction and heart failure 19, 20, in parallel to the normal ejection fraction observed in the
group. Our results from a longer duration of follow-up were similar to Klein and colleagues’
findings in terms of the importance of heart failure class in prognostication but also differ
because deceleration time and E/A were not found to be independent predictors of mortality
on multivariable analysis. This difference can perhaps be explained by the fact that abnormal
deceleration time and E/A were associated with degree of heart failure (Table 1); when placed
in a multivariable model, these diastolic indices fell out as having any additive prognostic value
to presenting heart failure class. In contrast, ET did not differ significantly in patients without
and with heart failure (Table 1) and multivariable analysis confirmed its independent and
additive valu e to heart failure class. Among 18 patients who initially presented with no heart
failure (Class I), 3/3 (100%) with ET≤240 ms and 3/15 (20%) with ET>240 ms died during
follow up, suggesting the potential of ET for early identification of at-risk AL patients without
overt clinical heart failure.

Recently, Bellavia and colleagues followed AL subjects (median follow up 13 months) and
found that the only independent predictors of mortality were ET and level of brain natriuretic
peptide with greater reduction in ET in more advanced cases 11. Our study differs from the
study by Bellavia and colleagues in having a longer median time to follow-up (29.4 months);
our study therefore complements the previous work in showing the robustness of ET as an
independent predictor of AL mortality for both short term and long term follow-up. Our study,
together with the study of Klein and colleagues 13 point to heart failure class as the strongest
predictor of adverse outcome in this disease. This differs from the finding of Bellavia and
colleagues showing heart failure class did not predict mortality. This difference may be related
to two things: one, brain natriuretic peptide is potentially correlated to heart failure class and
multivariable analysis may have resulted in this surrogate marker of heart failure to come out
instead of heart failure class as an independent factor. Second, a greater proportion of AL
patients in our cohort had advanced heart failure (NYHA Class II-IV, 57% versus 33% from
previous study) and this may account for some of the study differences. Our results taken
together with the previous study strengthen the robustness of ET as a predictor of mortality in
both advanced and less advanced forms of AL. We similarly demonstrated that compared to
conventional echo indices of cardiac amyloidosis (mass, thickness, ejection fraction, degree
of diastolic function), ET is the most important predictor of adverse outcome. In the current
study, ET ≤240 ms had good sensitivity (61%) and high specificity (90%) for predicting 1-
year all-cause mortality, with even better prediction of 1-year cardiac death (73% sensitivity
and 90% specificity). It is not surprising that ET has superior ability to predict 1-year cardiac
death versus 1-year all cause mortality because it is a measure of cardiac function. AL is a
multiorgan disease and as shown by our cohort, patients’ mode of exit is frequently cardiac
plus other organ failure. From a clinical standpoint, it is useful that ET as a noninvasive measure
can predict not only cardiac mortality but also all-cause mortality. Because a 1-point change
in ET is a small change, it is expected that the change in hazard or risk is also small. However,
when we consider a 10 ms change, likely a more clinically meaningful change, an increase in
ET by this amount reduces risk of mortality by 13%. To put this into context of other
cardiovascular diseases, a recent large hypertension study involving 180,000 patients showed
that every 10 mm Hg increase in systolic blood pressure is associated with a 9% increased risk
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of death in older patients 25 and health professionals consider this degree of risk sufficient to
warrant aggressive public health promotion program aimed at lowering blood pressure. In a
disease such as AL that is associated with >40% 1-year mortality, a noninvasive test that can
predict 13% reduction in risk is extremely relevant.

The utility of ET may also potentially be applicable to other forms of cardiac amyloidosis. In
a retrospective study of 45 patients with cardiac amyloid (6 of whom had senile or familial
amyloidosis), the Tei index which incorporated ET together with isovolumetric contraction
and isovolumetric relaxation time was shown to be the only parameter aside from heart failure
class that was independently predictive of survival 14.

The mechanism underlying the adverse prognostic consequence of reduced left ventricular
ejection time is unknown and our prospective observational study is limited in providing
mechanistic insight. Left ventricular ejection time is an old established measure of ventricular
performance and is known to be sensitive to changes in inotropic state although it is also
affected by preload and afterload 26-28. It has been used in the diagnosis and assessment of
valvular disease, coronary artery disease, pericardial disease and hypertensive heart disease
27. The severity of ET abnormality paralleled the increase in functional class and reduction of
resting cardiac index 29. Decreased ET was noted in subjects with hypovolemia 30. In cardiac
amyloidosis, reduced ET was described using phonocardiogram and carotid pulse wave tracing
31 as well as Doppler echocardiography 14. The physiologic basis may be related to the fact
that since systole is fixed in duration, myocardial dysfunction from amyloidosis can prolong
preejection period leading to reduced ejection time. Indeed, prior studies on amyloid patients
demonstrated both prolonged preejection period and decreased ejection time 14, 31. In addition,
it has been postulated that the inability of the infiltrated myocardium to increase end-diastolic
volumes shortens ejection time leading to reduced stroke volume and adverse clinical outcomes
14. A reduction in ET was recently found useful in identifying abnormal ventriculoarterial
coupling in stable heart failure subjects 32. Reduced ET was also found in advanced AL subjects
who demonstrate hypersynchronization of regional systolic function, in contrast to
dyssynchrony in less advanced stages of the disease 11. These recent studies suggest that ET
may be a sensitive marker of dysfunction in contractile synergy among ventricular segments
and between atria and ventricles and that mechanical synchrony may play an importa nt role
in the pathophysiology of AL amyloidosis.

It remains to be seen whether ET can be used to risk-stratify AL subjects in terms of aggressive
treatment that currently includes chemotherapy, autologous stem cell transplantation or cardiac
transplantation. Ejection time is currently not used to evaluate candidacy for stem cell
transplantation (patients with advanced cardiac involvement are often ineligible for stem cell
transplantation because of increased transplant related mortality 33-35). Therefore its role in
the risk-adapted approach 33, 36 that is currently utilized by oncologists to determine eligibility
for stem cell transplantation needs to be further studied. Similarly, ET may have potential
usefulness in evaluating physiologic response to treatment on serial follow up.

Limitations
A major limitation of the study was the small sample size. Light chain amyloidosis, although
increasingly recognized clinically, nevertheless remains a comparatively rare disease 2. The
longer follow up period of the study and frequency of outcome mitigated the relatively small
sample size. The sample size limited the ability to add more clinical variables to test in a Cox
model because of resulting unstable parameter estimates. Furthermore the small sample size,
the temporal delay between echocardiography and chemotherapy/stem cell transplantation and
the risk-adapted approach that oncologists use to decline stem cell transplantation in patients
with advanced cardiac involvement due to excessive risk 33, 36 precluded performing
sophisticated and complicated multivariable modeling to assess the independent role of
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treatment options in patients’ survival. The results of this study therefore need to be validated
further in a larger prospective study. We also lack data on myocardial strain that was shown
to be abnormal in light chain amyloidosis 9, 10, 37 as well as right ventricular diastolic function,
so these variables were not included in the multivariable analysis. However, a prior study
revealed that myocardial strain was not an independent predictor of outcome in AL in a
multivariate analysis that included ET; the latter, on the other hand, was found to be prognostic
of outcome 11.

Summary and clinical implications
Light chain amyloidosis in this cohort was associated with high 1-year and long-term mortality.
Left ventricular ejection time measured by pulsed Doppler echocardiography predicted long-
term mortality in light chain amyloidosis independent of heart failure status. It was a sensitive
and specific test in assessing 1-year all-cause mortality as well as cardiac death. Ejection time
may be useful in risk-stratification of AL amyloid subjects by identifying vulnerable patients
who may benefit from aggressive treatment or enhanced surveillance.
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Figure 1.
Kaplan-Meier survival curves. A. Overall survival demonstrating 41% 1-year mortality. B.
There is significant difference in survival in AL subjects presenting with NYHA Class I heart
failure compared to those with Class II-IV. C-D. There is a significant increase in all-cause
mortality as well as cardiac death in AL subjects with left ventricular ejection time ≤ 240 ms
versus those with >240 ms.
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Figure 2.
Receiver operating characteristic curve analysis of ejection time. The graph demonstrates good
sensitivity and specificity in predicting 1-year all-cause mortality (A) and 1-year cardiac death
(B) in AL subjects when using left ventricular ejection time.
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Table 1

Clinical and echocardiographic parameters by heart failure classification
Variable All NYHA HF Class I

(N=18)
NYHA HF Class II-IV

(N=24)
p-value (I vs. II-IV)

Heart rate (beats per minute) 81±20 80±24 81±16 0.9
Systolic blood pressure (mm Hg) 122±23 126±28 119±18 0.7
Chemotherapy (N/%) 38 (90) 16 (89) 22 (92) 1
Stem cell transplant (N/%) 13 (31) 10 (56) 2 (8) 0.001
Left ventricular ejection fraction (%) 57±13 59±12 56±13 0.4
Mitral annular peak systolic velocity (cm/s) 8.8±3.6 9.8±3.1 8.2±3.9 0.056
Anteroseptal thickness (cm) 1.6±0.4 1.5±0.4 1.6±0.3 0.1
Inferolateral thickness (cm) 1.5±0.3 1.3±0.3 1.6±0.4 0.047
Left ventricular mass index (g/m2) 119±50 107±56 127±44 0.049
Left atrial volume index (mL/m2) 34±11 30±10 37±10 0.03
E/A ratio* 1.3±0.6 1±0.4 1.6±0.7 0.02
E’ (cm/s) 7±3 8.6±3 5.8±3 0.006
E/E’ 18±15 15±14 20±15 0.05
Deceleration time (ms) 216±76 246±88 194±59 0.03
Left ventricular ejection time (ms) 266±49 282±42 254±51 0.07
Ejection time/cycle length 0.35±0.09 0.37±0.08 0.33±0.1 0.2
Preejection period (ms) 61±27 68±24 56±29 0.1
Preejection period/ejection time 0.24±0.12 0.22±0.1 0.23±0.1 0.6
Creatinine (mg/dL) 1.6±1.1 1.3±0.7 1.8±1.3 0.2
Alkaline phosphatase (IU/L) 133±134 83±25 171±168 0.1
Aspartate aminotransferase (IU/L) 41±67 27±15 51±88 0.4
Alanine aminotransferase (IU/L) 39±61 30±20 45±80 0.9
*
4 patients with atrial fibrillation did not have E/A data
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Table 2

Causes of mortality in AL subjects
Subject Cause Interval from Echo

(months)
1 Multiorgan failure 0.9
2 Renal failure 1.0
3 Sudden cardiac death 2.8
4 Pulmonary and heart failure 18.7
5 Multiorgan failure 1.4
6 Electromechanical dissociation, heart failure 2.5
7 Refractory multiple myeloma 18.5
8 Multiorgan failure 47.7
9 Unknown* 4.5
10 Heart failure 6.4
11 Sudden cardiac death 1.1
12 Pulseless electrical activity 36.8
13 Heart failure, ventricular tachycardia, pneumonia 1.4
14 Heart failure, ventricular tachycardia 0.1
15 Unknown* 14.1
16 Progressive multiple myeloma 9
17 Sepsis 3.5
18 Heart failure, ventricular tachycardia, sepsis 3.2
19 Ventricular tachycardia, heart block 1.4
20 Multiorgan failure, polymicrobial sepsis 4.4
21 Multiorgan failure 3.4
22 Multiorgan failure 2.3
23 Multiorgan failure 0.9

*
death verified from Social Security Death Index
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Table 3

Univariate and multivariable analysis of predictors of mortality
Variable χ2 Hazard Ratio

(95% C.I.)
p-value

NYHA Heart Failure Class (1 df, linear) 12.8 1.89 (1.33-2.68) <0.001
NYHA Heart Failure Class (1 df, binary II, III, IV vs. I)* 10.2 5.31 (1.91-14.8) 0.001
Left ventricular ejection time 9.2 0.985 (0.975-0.995) 0.002
Left ventricular ejection time (by 10 ms change)* 9.2 0.857 (0.78-0.95) 0.002
Alkaline phosphatase 16.5 1.006 (1.003-1.009) <0.001
Alkaline phosphatase (by 10 IU change)* 16.5 1.059 (1.03-1.09) <0.001
Aspartate aminotransferase* 8.96 1.008 (1.003-1.014) 0.003
Alanine aminotransferase* 8.4 1.009 (1.003-1.015) 0.004
Left atrial volume index* 3.4 1.04 (1.0-1.08) 0.07
Male gender* 3.4 2.4 (0.94-6.2) 0.07
Systolic blood pressure* 3.0 0.98 (0.96-1.0) 0.08
Deceleration time* 2.7 0.995 (0.99-1.0) 0.1
Anteroseptal thickness 2.2 2.2 (0.78-6.1) 0.14
E/E’ 1.9 1.0 (0.99-1.04) 0.17
Inferolateral thickness 1.8 2.2 (0.68-7.4) 0.18
E/A ratio 1.8 1.61 (0.8-3.3) 0.18
Heart rate 1.0 1.0 (0.99-1.03) 0.3
Lateral E’ 0.89 0.94 (0.82-1.07) 0.34
Left ventricular mass index 0.5 1 (0.996-1.0009) 0.5
Left ventricular ejection fraction 0.4 0.99 (0.96-1.02) 0.5
Preejection period/ET 0.2 0.5 (0.01-17.7) 0.7
Age 0.1 1.0 (0.97-1.04) 0.7
Creatinine 0.1 1.07 (0.7-1.6) 0.7
Mitral annular peak systolic velocity 0.1 0.98 (0.87-1.1) 0.7
ET/cycle length 0.01 0.8 (0.008-72) 0.9

Multivariable model
NYHA Heart Failure Class (binary, II,III,IV versus I) 7.7 4.9 (1.58-14.9) 0.006
Left ventricular ejection time (by 10 ms change) 6.5 0.87 (0.775-0.967) 0.01
Alkaline phosphatase (by 10 IU change) 6.0 1.036 (1.007-1.065) 0.01
*
variables included in multivariable model; NYHA-New York Heart Association; E’ mitral annular velocity; E/E’ ratio of mitral inflow to mitral annular

velocity
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Table 4

Clinical and echocardiographic characteristics by left ventricular ejection time
Variable ET ≤240 (N=15) ET > 240 (N=27) p-value
Age (years) 58±12 62±12 0.3
Gender (females, %) 6 (40) 12 (44) 1.0
Heart rate (beats per minute) 89±20 76±18 0.03
Systolic blood pressure (mm Hg) 118±17 124±26 0.7
NYHA Heart Failure Class (N/%) 0.08
I 3 (20) 15 (56)
II 5 (33) 8 (30)
III 2 (13) 1 (4)
IV 5 (33) 3 (11)
Chemotherapy (N/%) 13 (87) 25 (92) 0.6
Stem cell transplant (N/%) 2 (13) 10 (37) 0.2
Anteroseptal thickness (cm) 1.8±0.3 1.5±0.4 0.02
Inferolateral thickness (cm) 1.6±0.2 1.4±0.4 0.01
Left ventricular mass index (g/m2) 136±43 109±52 0.02
Left ventricular ejection fraction (%) 55±16 58±11 0.5
Left atrial volume index (mL/m2) 38±11 32±10 0.09
E’ (cm/s) 6.2±3 7.4±3 0.3
E/E’ 19±10 18±17 0.3
Deceleration time (ms) 193±82 230±71 0.1
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