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Abstract

 Background—ATTR cardiac amyloidosis can result from a mutated variant of transthyretin 

(eg, V122I) or wild-type variant (ATTRwt). We evaluated pressure-volume (PV) indices at 

baseline and over time to further characterize abnormal pump function in these subjects.

 Methods and Results—Twenty-nine subjects (18 with ATTRwt and 11 with ATTRm 

(V122I) had 2-dimensional echocardiograms with complete Doppler measures at baseline and 

every 6 months for up to 2 years. PV indices were derived from echocardiographic measures of 

ventricular volume coupled with sphygmomanometer-measured pressure and Doppler estimates of 

filling pressure. The end-systolic and end-diastolic PV relations and the area between them as a 

function of end-diastolic pressure, the isovolumic PV area (PVAiso), were calculated. Clinical, 

demographic, and PV indices were compared between V122I and ATTRwt subjects and between 

survivors and nonsurvivors at baseline and over time. Cox proportional hazards model identified 

correlates for mortality. Stroke volume decline was associated with alterations in ventricular-

vascular coupling and a decrease in ventricular capacitance with significant decrement in ejection 

fraction (56 ± 12% to 48 ± 14%, P = 0.0001) over 18 months. PVAiso was lower in V122I subjects 

compared with wild-type at baseline and declined over time. Twelve (41%) subjects died or 

underwent a cardiac transplant after a mean follow-up of 478 days (range, 31 to 807). 

Multivariable survival analysis demonstrated that initial ejection fraction (a measure of 

ventricular-vascular coupling) <50% was associated with increased mortality (hazard ratio, 6.6; 

95% confidence interval, 1.1 to 40.3).
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 Conclusions—In ATTR cardiac amyloidosis secondary to a V122I mutation and wild-type 

transthyretin, PV analysis reveals alterations that are associated with reductions in the ability of 

the ventricle to perform work and, ultimately, with reduced survival in these subjects.
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Transthyretin (ATTR) cardiac amyloidosis is an insidious disease caused by extracellular 

deposition of insoluble fibers of the plasma protein transthyretin, resulting in an infiltrative 

cardiomyopathy.1 Cardiac amyloidosis can result from a mutated variant of transthyretin 

(ATTRm), one of which is substitution of isoleucine for valine at position 122 (V122I) 

occurring almost exclusively in blacks, or wild-type variant (ATTRwt) leading to senile 

systemic amyloidosis (SSA) occurring predominantly in elderly men.2,3 Although it is 

believed to be a rare disease, studies reveal that the prevalence of ATTR may be more 

common because ≈4% of blacks are heterozygous for the V122I mutation and up to 25% of 

the elderly have cardiac amyloid deposits because of SSA found in autopsy studies.1,4–6 

There are currently few definitive treatment options available. The mainstay is liver and/or 

cardiac transplant in the mutant form of ATTR, and cardiac transplant in SSA.

 Clinical Perspective on p 128

The outcome of patients with ATTR cardiac amyloid secondary to mutant transthyretin or to 

wild-type transthyretin is better than for patients with cardiac amyloid secondary to AL 

amyloid.2,7,8 One of these studies8 found that subjects with ATTRwt, who have the greatest 

left ventricular wall thickness, have a less aggressive course than those with ATTRm, despite 

the older age of wild-type subjects. However, these data did not include any subject with the 

V122I mutation, the most common inheritable form of the disease in the United States. This 

mutation is associated with a primary cardiac phenotype that penetrates late in life and has 

not, to our knowledge, been contrasted clinically with ATTRwt.

Markers of abnormal cardiac function and risk factors of poor outcome in patients with 

cardiac amyloid secondary to light-chain deposition (AL amyloid) have included Doppler 

measures of diastolic function9–11 and other less commonly performed echocardiography 

measures.12 The prognosis in ATTR cardiac amyloidosis depends on the severity of cardiac 

involvement, which is related to the duration of disease. However, because of the presumed 

indolent course of ATTR2 and its occurrence in a patient population with a high prevalence 

of other common cardiac conditions such as heart failure with a preserved ejection fraction 

and atrial fibrillation, diagnosis is often delayed and it is often difficult to ascertain the 

precise onset of disease. In addition, the mechanisms by which deposition of transthyretin 

amyloidosis results in altered left ventricular chamber function have not been fully 

characterized, evaluated over time, or compared with the V122I mutation and wild-type 

disease. Accordingly, we evaluated the end-diastolic pressure-volume relation (EDPVR) 

using a validated noninvasive method13 and other pressure-volume indices in patients with 

ATTR cardiac amyloidosis to determine how these indices change over time and whether 
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abnormal pressure-volume relations and indices of pump function are associated with 

reduced survival.

 Methods

 Study Subjects

Subjects with ATTR cardiac amyloid associated with a V122I mutation (ATTRm) or wild-

type transthyretin (ATTRwt) were enrolled. Baseline data from 29 subjects enrolled in the 

TRACS study were collected after obtaining informed consent according to a protocol 

approved by the institutional review boards of participating centers, including Columbia 

University Medical Center (n = 8), Mayo Clinic (n = 6), Johns Hopkins Medical Center (n = 

6), Boston University Medical Center (n = 5), and The University of Chicago (n = 4). 

Subjects had either a cardiac biopsy with amyloid determined by the presence of Congo Red 

or Alcian blue staining, immunohistochemical staining, or mass spectrometry to detect 

serum TTR protein, or noncardiac biopsy confirming the presence of ATTR amyloid in 

conjunction with echocardiographic features that were consistent with the diagnosis of 

cardiac amyloidosis.14 All subjects underwent full DNA sequencing to confirm the presence 

of V122I or wild-type transthyretin before inclusion in the study. Subjects were excluded 

from enrollment if they had confirmed primary amyloidosis (AL) or secondary amyloidosis 

(AA), potential left ventricular hypertrophy because of hypertension or valvular disease, 

prior liver or heart transplantation, prior nonamyloid cardiac disease causing symptomatic 

left ventricular dysfunction, active malignancy or nonamyloid disease with expected survival 

of <2 years.

 Echocardiography

Standard 2-dimensional transthoracic echocardiograms with full Doppler studies were 

performed on each subject during their baseline visit and every 6 months for up to 2 years 

and were sent to an echocardiography core laboratory for centralized interpretation (data up 

to 18 months are presented because of the small number of assessments at 24 months). Two-

dimensional measurements of systolic and diastolic chamber dimensions and wall thickness 

were obtained according to the recommendations of the American Society of 

Echocardiography,15 and left ventricular mass was derived from a formula described by 

Devereux et al16 and indexed to body surface area. Valvular regurgitation and stenosis were 

assessed by standard techniques. Left ventricular end-diastolic and end-systolic volumes and 

left ventricular ejection fraction (EF) were calculated with the modified Simpson biplane 

method. Transmitral Doppler left ventricular filling recordings were performed from the 

apical 4-chamber view and analyzed for diastolic filling indices, including peak E- and A-

wave velocities and their ratio, along with deceleration time. Tissue Doppler imaging was 

performed in the apical 4-chamber view, and a 1.5-mm sample volume was placed at septal 

position of the mitral annulus (Em) to obtain peak regional early diastolic velocities. Stroke 

volume was calculated as the difference between the end-diastolic volume and end-systolic 

volume. Left ventricular end-diastolic pressure was estimated by the formula end-diastolic 

pressure = 11.96 + 0.596 × E/Em.17 All measures were performed in a core laboratory 

blinded to all clinical information.
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 Indices of Chamber Properties

Effective arterial elastance (Ea), a measure of vascular load dependent on total peripheral 

resistance and heart rate, was estimated by Ea = Pes/SV, where Pes is the left ventricular 

end-systolic pressure estimated as 0.9 × systolic blood pressure and SV is stroke volume.18 

Ventricular end-systolic elastance (Res) was estimated as Pes/end systolic volume, assuming 

the volume axis intercept is set to 0 mm Hg.19 To characterize the EDPVR (where EDP = 

αEDVβ; α is a scaling constant and β is a diastolic stiffness constant), a validated single-beat 

approach was used.13 To account for covariance in α and β, both of which impact the shape 

and position of the EDPVR, the values of these parameters derived from each subject were 

used to predict the EDV at a common EDP of 30 mm Hg, an index of ventricular 

capacitance (EDV30). Stroke work, which is determined by both the end-systolic and end-

diastolic pressure-volume relations (ESPVR and EDPVR, respectively) was calculated as 

mean arterial pressure × stroke volume and was indexed to left ventricular mass. The area 

between the EDPVR and the ESPVR measured as a function of EDP was used to index 

overall pump function.20,21 This specific area, called the isovolumic pressure-volume area 

(PVAiso), 3is independent of afterload and can be calculated analytically as a function of left 

ventricular EDP following curve fitting of the EDPVR and the Res: PVAiso(V) = ∫[Pes(V) − 

Ped(V)]dV = 0.5Res (V − Vo)2 − Vm(β/α) eα × (V/Vm), where Pes(V) and Ped(V) are the end-

systolic and end-diastolic pressures, respectively, as a function of volume.

 Statistics

Results for continuous variables are expressed as mean ± standard deviation unless 

otherwise noted. Baseline demographic features, clinical features, echocardiography, and 

pressure-volume relation indices were compared between V122I and SSA using Wilcoxon 

rank-sum test for continuous variables and the Fisher exact test for categorical variables (eg, 

sex, race) comparing proportions between the 2 groups. Changes in echocardiographic 

features and pressure-volume parameters over time between wild-type and V122I were 

compared to determine whether significant changes occurred after 6, 12, or 18 months 

compared with baseline using generalized estimating equation analysis with fitting terms 

month and baseline in the model. The “first-order autoregressive” correlation structure was 

specified in the model to account for the within-patient variability. Pearson correlations for 

the determinants of changes in EF, including stroke volume and end-diastolic volume, were 

calculated. Survival analysis was conducted using a Cox proportional hazards model to 

identify risk factors for mortality. Hemodynamic, echocardiographic, pressure-volume 

indices, and genotype variables identified as significantly associated with survival in 

univariate analysis (P < 0.05) were included in a forward stepwise selection model. A 

probability value of ≤0.05 was considered to be statistically significant. SAS was used for all 

analysis (SAS, Version 9.1, Cary, NC).

 Results

Overall, the population was composed of older adults (74 ± 6 years), almost exclusively men 

(93%). All of the subjects with the V122I mutation (n = 11) were black, whereas all of the 

wild-type subjects (n = 18) were white. Subjects with V122I mutation tended to be younger 

than wild-type subjects (71 ± 5 versus 75 ± 6 years, P = 0.0621) but did not differ from wild-
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type in sex (100% versus 82% men, P = 0.1355) nor in New York Heart Association class. 

Subjects had normal blood pressure despite their advanced age and chronic renal 

insufficiency. On average, EFs were in the normal range with evidence of severe concentric 

increase in wall thickness (elevated left ventricular [LV] mass to volume ratio). Filling 

pressures estimated from Doppler echocardiography were high (Table).

Over an 18-month period, the LVEF declined from 56 ± 12% to 48 ± 14% absolute units (P 
= 0.0001) in the entire cohort and at a faster rate in subjects with wild-type disease than 

V122I (P = 0.0473) (Figure 1). There were significant decrements in stroke volume and 

stroke work and alterations in ventricular-vascular coupling with a trend toward reductions 

in ventricular capacitance (Figure 2). The declines in EF were of a lower magnitude than the 

decrease in stroke volume because of concomitant reductions in end-diastolic volume over 

time. Declines in EF were strongly correlated with declines in stroke volume (r = 0.769, P = 

0.0093), but not with declines in end-diastolic volume (r = −0.306, P = 0.389). The changes 

in pressure-volume relationships from baseline to 18 months are shown in Figure 2, left, 

demonstrating a reduction in chamber contractility and increases in Ea—the latter mediated 

by increases in total peripheral resistance and reductions in ventricular capacitance over this 

time period. As a result, there was a significant reduction in the PVAiso as a function of EDP, 

indicating a reduction in overall pump function over time. Overall elevations in N-terminal 

pro-B–type natriuretic peptide were present and tended to increase over the study period, but 

these changes did not reach statistical significance (P = 0.0594).

Twelve subjects either died (n = 11) or underwent a cardiac transplant (n = 1) after a mean 

follow-up of 478 days (range, 31 to 807). In the SSA group, 14 of 18 survived, whereas in 

the V122I group, only 3 of 11 survived. Pressure-volume analyses reveal significant 

differences between V122I and ATTRwt subjects (Table and Figure 2). The data comparing 

V122I and ATTRwt subjects are graphically represented in Figure 2, right. Subjects with 

ATTR secondary to V122I mutations had a reduced ability to perform work (eg, downward 

shift in the PVAiso as a function of EDP relation) in part because of reduced chamber 

contractility and increased Ea, resulting in altered ventricular-vascular coupling.

Univariate analysis using a time-to-event analysis demonstrated that age, blood pressure, 

heart rate, and LV mass were not significantly associated with reduced survival in this 

cohort. However, V122I versus wild-type (hazard ratio [HR] 3.7; 95% confidence interval 

[CI] 1.1 to 12.6) and Ea (HR 2.3, 95% CI 1.1 to 5.0 per mm Hg/mL) were associated with a 

higher risk of mortality, as was the Ea/Res ratio (HR 2.6, 95% CI 0.85 to 7.8). Because EF is 

a measure of ventricular-vascular coupling, we evaluated the outcomes of subjects stratified 

by a normal or reduced EF. Subjects with a baseline EF of <50% had significantly higher 

risk of mortality than those with an EF ≥50% (HR 4.1, 95% CI 1.2 to 13.6). Baseline LVEF 

differences approached significance between wild-type (59 ± 12%) and V122I (50 ± 12%) 

mutation status (P = 0.06). In a Cox proportional hazards model with a stepwise selection 

including mutation, ejection fraction, and Ea, only EF retained independent prognostic 

significance for mortality (HR 6.6, 95% CI 1.1 to 40.3) (Figure 3).
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 Discussion

This prospective cohort study demonstrates that, contrary to the generally held dictum that 

patients with ATTR cardiac amyloidosis have indolent disease, progressive declines in LV 

systolic and diastolic function occur, resulting in worsening pump function with a high 

mortality among subjects studied (41%) in a relatively short time period (≈2 years). Similar 

to other disease states, EF had significant independent prognostic capacities in this 

population.

Cardiac involvement in ATTR amyloid results in diastolic dysfunction progressing to 

restrictive cardiomyopathy and congestive heart failure. ATTR cardiomyopathies secondary 

to V122I and wild-type transthyretin are late-onset diseases with symptoms typically 

occurring in patients over age 60. The pathogenesis of the disorders is believed to be related 

to instability of the TTR tetramer, resulting in deposition of amyloid fibrils primarily in heart 

tissue and leading to diastolic dysfunction, restrictive cardiomyopathy, and heart 

failure.22–25 Once there is cardiac involvement, patients can present with conduction system 

disease (sinus node or atrioventricular node dysfunction) or symptoms of heart failure, 

including shortness of breath, peripheral edema, syncope, exertional dyspnea, or generalized 

fatigue. The echocardiographic findings include thickened ventricular walls (both right and 

left) with a normal to small LV cavity, increased myocardial echogenicity, normal or mildly 

reduced EF, often with evidence of diastolic dysfunction and severe impairment of 

contraction along the longitudinal axis, and biatrial dilation with impaired atrial contraction. 

The voltage on the ECG can be either normal or low, despite the increased wall thickness on 

echocardiography. Marked axis deviation, bundle branch block, and AV block are common, 

as is atrial fibrillation.1,8,26

Despite the presumed similarity at the molecular level,27,28 previous reports have 

highlighted significant differences in the phenotype and prognosis between subjects with 

ATTR cardiac amyloid secondary to various mutations compared with subjects with wild-

type disease (SSA), which are dependent on geographical location, age, sex, degree of 

cardiac involvement, involvement of other noncardiac systems, and other factors presently 

unknown or yet to be defined.8,23,29 Most previous studies have not focused on the V122I 

mutation, the most common inheritable form of the disease in the United States, despite the 

fact that it is associated with a primary cardiac phenotype that appears with advancing age 

and is often difficult to distinguish clinically from wild-type TTR.

ATTR cardiac amyloidosis is believed to have a relatively indolent course, with a median 

survival of ≈5 to 10 years from heart failure symptoms2,30; however, no data exist as to the 

rate of progression after disease diagnosis. One recent study by Connors et al,7 which 

compared AL patients with V122I subjects, reported a median survival of 27 months in the 

ATTR V122I, which was consistent with the present study in which median survival was 21 

months in our cohort. The data presented from this multicenter cohort study demonstrate 

that, in subjects with ATTR cardiac amyloidosis, impairments in ventricular filling and 

alterations in ventricular vascular coupling are observed that result in progressive pump 

dysfunction and are associated with decreased survival. In addition, prior studies of 

ventricular-vascular coupling31 have provided quantitative understanding of the dependence 
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of stroke volume on contractility, preload and afterload, with stroke volume = (EDV − Vo)/ 

(1 + Ea/Ees). This equation, combined with our data, suggests that, on a physiological basis, 

amyloid cardiomyopathy is associated with impaired ventricular filling and alterations in 

ventricular-vascular coupling—the latter resulting from declines in chamber contractility and 

increases in Ea. These changes delineate a complex physiological cascade of events 

occurring over time in patients with advanced ATTR cardiac amyloidosis that is not simply 

impairment in diastolic function, but involves changes in systolic function as well.

The higher heart rate that we observed in V122I compared with wild-type subjects could 

result in several physiological effects that might have contributed to the observed difference 

in phenotype. Increases in heart rate can impair LV filling and result in a reduced end-

diastolic volume. However, such an effect occurs with very fast heart rates (eg, > 110 beats 

per minute) and are magnified in the presence of marked prolongation in the time constant 

of relaxation (eg, tau). However, the differences in heart rates that we observed between 

subgroups studied averaged ≈10 to 15 beats per minute, significantly lower than would 

affect ventricular filling. In addition, differences in heart rate could affect Ea, because Ea is 

in part determined by both heart rate and total peripheral resistance. Whereas the differences 

in Ea at baseline between subgroups studied were in part due to a higher heart rate in 

subjects with V122I compared with wild-type, the increases in Ea over time were because of 

increases in TPR and not heart rate (Figure 1). Accordingly, we do not believe that heart rate 

is a major reason for the observed differences in pressure-volume indices.

The observed changes in various echocardiographic features and pressure-volume relations 

that we observed may be attributed to further transthyretin deposition or the natural 

progression of heart failure in these subjects, and we are unable to delineate which 

mechanism(s) are operative. These physiological changes can be identified and quantified by 

routine echocardiographic imaging combined with estimates of LV systolic and diastolic 

pressure and may be used to evaluate the severity of disease and provide prognostic 

information.

The previous literature on prognostic features of patients with cardiac amyloidosis has 

variably reported on different measures to risk stratify patients with cardiac amyloidosis. 

This is probably the result of several factors, including the small sample size of various 

studies, the variable criteria used to define the presence of cardiac amyloidosis, the use of 

histopathologic documentation in some, but not all studies, and the inclusion of patients with 

both light-chain and ATTR cardiac amyloidosis simultaneously, despite the known 

difference in outcomes between these two conditions.2,8 Despite these limitations, multiple 

variables, including functional class, abnormal deceleration time, wall thickness and 

progression of wall thickness, myocardial echogenicity, decreased systolic function, right 

ventricular dilatation, natriuretic peptides and troponins, and low voltage, have been 

described as being associated with an adverse prognosis.9,11,32–38 Of note, a significant 

majority of the patients in these studies had primary AL amyloidosis and cardiac 

involvement. Our study is the first to specifically focus on subjects with ATTR cardiac 

amyloidosis and to use noninvasive indices of pressure-volume relations to further elucidate 

underlying mechanisms of abnormal ventricular function in patients with cardiac amyloid. 

The results of this study demonstrate that abnormalities in passive ventricular filling and 
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altered ventricular-vascular coupling are associated with a reduced ability of the ventricle to 

perform work, and, ultimately, reduced survival in patients with ATTR cardiac amyloidosis. 

Identifying prognostic factors associated with improved survival is important, especially if 

potential therapies currently undergoing evaluation are effective.39

This study has several limitations. First, the relatively small sample size limits the statistical 

power of the study. Accordingly, we are unable to definitively establish which of the 

multiple mechanisms (eg, declines in chamber contractility, increased Ea, and/or reduced 

chamber capacitance) are independently associated with reduced survival. In addition, we 

cannot determine definitively whether the observed changes over time are because of further 

deposition of amyloid or the progression of heart failure, although the lack of an increase in 

LV mass over time is suggestive of the latter. However, this remains one of the largest 

studies to date among patients with ATTR cardiac amyloidosis and the only one to perform 

serial measures over time using a core laboratory that was blinded to mutation status and the 

timing of echocardiograms. The population studied had advanced amyloid cardiomyopathy 

as evidenced by the echocardiographic phenotype and high mortality. The analyses were 

performed on estimates of pressure-volume relations derived noninvasively, and we did not 

directly measure the EDPVR or ESPVR. Invasive measurements are the gold standard, but 

are difficult to perform in large patient populations and even more difficult to justify for 

serial measurements to evaluate changes over time. Accordingly, we estimated a single end-

systolic pressure-volume point and relied on Res (the end-systolic pressure-volume ratio) to 

quantify contractility. Res is simple to measure and has the advantage of combining changes 

in Ees and/or Vo into a single measure for assessing changes in contractility. However, Res is 

insensitive to changes in Vo, which can occur over time and affect this estimate of 

ventricular elastance. We performed sensitivity analyses (data not shown) that demonstrate 

that the conclusions about comparisons of pump function between groups are not critically 

dependent on an accurate choice of Vo or whether Vo is constant between time points.

 Conclusions

In ATTR cardiac amyloidosis secondary to a V122I mutation and wild-type transthyretin, 

despite reports of a relatively indolent course, pressure-volume analysis reveals alterations 

that are associated with reductions in the ability of the ventricle to perform work that 

progress over time and are associated with reduced survival in these subjects.
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CLINICAL PERSPECTIVE

The two most common forms of transthyretin (ATTR) cardiac amyloidosis in the United 

States include a mutated variant of transthyretin (ATTRm) in which isoleucine is 

substituted for valine at position 122 (V122I) and a wild-type variant (ATTRwt) leading 

to senile systemic amyloidosis (SSA). Although believed to be a rare and indolent 

disease, studies reveal that ≈4% of blacks are heterozygous for the V122I mutation and 

up to 25% of elderly people have cardiac amyloid deposits because of the SSA found in 

autopsy studies. In this study, 18 subjects with ATTRwt and 11 with ATTRm (V122I) had 

noninvasive pressure-volume (PV) indices, including the end-systolic and end-diastolic 

pressure-volume relations and the area between them as a function of end-diastolic 

pressure, the isovolumic pressure-volume area (PVAiso), calculated at baseline and every 

6 months for up to 18 months. Stroke volume declined along with a significant decrement 

in ejection fraction (56 ± 12% to 48 ± 14%, P = 0.0001) over 18 months. PVAiso was 

lower in V122I subjects compared with wild-type, at baseline, and declined over time. 

Multivariate survival analysis demonstrated that initial ejection fraction (a measure of 

ventricular-vascular coupling) <50% was associated with increased mortality (HR 6.6, 

95% CI 1.1 to 40.3). In ATTR cardiac amyloidosis, pressure-volume analysis reveals 

alterations that are associated with reductions in the ability of the ventricle to perform 

work and associated with reduced survival in these subjects.
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Figure 1. 
Changes in echocardiographic and pressure-volume parameters. Mean changes with 

standard error for each parameter are shown stratified by V122I and wild-type disease. 

There are significant changes in EF, stroke volume, TPR, Ea, and Res in the overall group at 

various time points compared with baseline (noted with asterisk for wild-type and cross for 

V122I above time point) as determined by the generalized estimating equation (see 

Methods).
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Figure 2. 
Pressure-volume relations (top) and isovolumetric pressure-volume area (PVA-iso, bottom). 

Baseline to 18-month follow-up (left) and V122I versus wild-type at baseline (right). There 

were significant (eg, P < 0.05) increases in Ea, declines in Res, and altered Ea/Res ratio from 

baseline to 18 months (left) and differences in baseline in Ea and Ea/Res ratio between wild-

type and V122I (right). In addition, significant differences in PVA-iso curves were noted for 

both comparisons. See text for details.
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Figure 3. 
Kaplan–Meier survival curve stratified by the presence of a normal (eg, EF ≥50%) or 

reduced (<50%) ejection fraction at baseline. The numbers at the bottom indicate those 

subjects at risk at each time point.
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Table

Clinical, Echocardiographic, and Pressure-Volume Indices at Baseline Among Subjects With ATTR Cardiac 

Amyloid Overall and Stratified by Mutation Status

Parameter
Overall
(n = 29)

Wild-Type
(n = 18)

V122I
(n = 11)

P
Value*

Clinical features

  Duration of disease (months) 10 ± 12 10 ± 7 12 ± 17 0.4860

  NYHA class (I/II/III)† 9/12/7 5/8/4 4/4/3 0.8915

  Height (m) 1.74 ± 0.06 1.73 ± 0.06 1.75 ± 0.07 0.5268

  Weight (kg) 77 ± 11 75 ± 11 81 ± 11 0.0881

  BSA (m2) 1.93 ± 0.17 1.90 ± 0.17 1.99 ± 0.16 0.1643

  BMI (kg/m2) 25.5 ± 3.2 25.0 ± 2.9 26.5 ± 3.7 0.3375

  SBP (mm Hg) 112 ± 15 112 ± 17 111 ± 12 0.7870

  DBP (mm Hg) 69 ± 9 67 ± 10 73 ± 6 0.0323

  MAP (mm Hg) 83 ± 10 82 ± 12 86 ± 7 0.1565

  HR (bpm) 72 ± 12 67 ± 10 82 ± 11 0.0017

  Renal insufficiency (%)‡ 67% 67% 67% 1.000

Echocardiography

  EDV (mL) 82 ± 23 83 ± 24 81 ± 24 0.8208

  ESV (mL) 37 ± 17 33 ± 14 44 ± 21 0.1737

  EF (%) 56 ± 12 59 ± 12 50 ± 12 0.0555

  SV (mL) 45 ± 16 50 ± 18 37 ± 8 0.0943

  LV mass (g) 342 ± 76 352 ± 74 326 ± 81 0.4055

  Estimated EDP (mm Hg) 25 ± 5 25 ± 5 25 ± 5 0.9674

Pressure-volume analyses

  Ea (mm Hg/mL) 2.48 ± 0.89 2.28 ± 0.89 2.85 ± 0.83 0.0949

  Res (mm Hg/mL 3.28 ± 1.49 3.61 ± 1.56 2.71 ± 1.22 0.1569

  Ea/Res 0.91 ± 0.53 0.73 ± 0.39 1.24 ± 0.59 0.0188

  SW (mL × mm Hg) 3783 ± 1456 4154 ± 1656 3124 ± 672 0.1335

  SW/LVM (mL × mm Hg/g) 11 ± 5 13 ± 6 9 ± 2 0.2458

  EDV-30 (mL) 81 ± 21 84 ± 21 76 ± 23 0.3408

NYHA indicates New York Heart Association; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean 
arterial pressure; HR, heart rate.

*
P value comparing wild-type and V122I.

**
P value comparing survivors and nonsurvivors.

The Fisher exact test was used for categorical variables (eg, race, sex), and the Wilcoxon rank-sum test was used for continuous variables.

†
Absolute number of subjects in each class are displayed. Data missing in NYHA class for 1 subject.

‡
Based on estimated glomerular filtration rate <60 mL · min−1 · m−2, data for 2 subjects with V122I mutation not available because of missing 

weight and/or serum creatinine.
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