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ABSTRACT 

Background: Cardiovascular involvement among pa- 
tients with primary systemic amyloidosis (AL) is 
common and predicts poor prognosis. Different pa- 
rameters have been used to predict outcome. We 
studied the prognostic significance of clinical, ECG 
and echocardiographic parameters of 60 patients 
with tissue proven primary cardiac amyloidosis. 
Method and Results: Records of 60 patients with 
primary amyloidosis and cardiac involvement docu- 
mented by endomyocardial tissue biopsy were retro- 
spectively evaluated. Patients mean age was 57.9 ± 
10.2 years. 71.6% were male and 86.6% Caucasian. 
Patients’ median survival was 12.2 ± 4.4 months with 
only 50% of patients survived for more than 1 year. 
60% of patients had CHF (NYHA II-IV). CHF 
(NYHA II-IV), IVS, LVPW and LVEF were signifi- 
cant on univariate survival analysis (p < 0.05). On 
multivariate analysis only CHF (p = 0.027, HR 3.04 
[95% CI: 1.1 - 8.1]) and IVS < 1.5 cm (p = 0.012, HR: 
3.51 [95% CI: 1.3 - 9.3]) were predictors of survival. 
Patients with CHF had a median survival of 7.58 ± 
1.74 months contrary to those without CHF who had 
a median survival of 31.2 ± 11.41 months. Patients 
with IVS ≥ 1.5 cm had a median survival of 7.0 ± 1.1 
months, contrary to those with an IVS < 1.5 cm who 
had a median survival of 31.9 ± 12.4 months. Conclu- 
sion: In patients with primary amyloidosis and car- 
diac involvement, length of survival is strongly asso- 
ciated with CHF (NYHA II-IV) and IVS compared to 
other electrographic and echocardiographic parame- 
ters 
 
Keywords: Amyloidosis; Cardiomyopathy 

1. INTRODUCTION 

Light chain or primary systemic amyloidosis (AL) is a  

plasma cell dyscrasia that involves extracellular patho- 
logical deposition of insoluble fibrillar proteins in organs 
and tissues leading to multiple organ failure and death 
[1]. The age adjusted incidence of primary systemic 
amyloidosis is estimated to be 5.1 to 12.8 per million 
person-years [2]. Cardiovascular involvement is common 
among patients with primary systemic amyloidosis with 
50% of patients experiencing some cardiac manifesta- 
tions [1]. Infiltration of the heart by insoluble protein de- 
posits in amyloidosis often results in restrictive cardio- 
myopathy that manifests late in its course with heart 
failure and conduction abnormalities [3,4]. It is estimated 
that more than 25% of patients with primary amyloidosis 
will have congestive heart failure [5]. 

Amyloid fibrils may also deposit in myocardial vessels 
and valves causing local ischemia and valvular dysfunc- 
tion [1,6]. Cardiac amyloidosis is associated with a vari- 
able but generally poor prognosis with an estimated sur- 
vival of less than 6 months in untreated patients with 
heart failure [5,7]. 

Recognition of important prognostic factors is useful 
to counsel patients with regard to realistic expectations 
for the future, both in terms of survival and supportive 
care that will ultimately be required. With the introduc- 
tion of organ transplantation, aggressive chemotherapy 
and bone marrow transplantation for amyloidosis, strati- 
fication for patient risk also becomes important in selec- 
tion for participation in treatment studies. Nevertheless, 
various parameters have been proposed for risk stratifi- 
cation, but failed consistently in the identification of high 
risk patients.  

The purpose of this study is to look for useful clinical, 
echocardiographic and electrocardiographic features that 
will help to determine prognosis in patients with primary 
cardiac amyloidosis.  

2. METHODS 

2.1. Study Population 

This was a retrospective observational study of 60 pat- *Authors contributed equally to the manuscript. 
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ients who were referred to Indiana University Medical 
Institutions between January 1980 and January 2007 for 
management of histologically proven primary systemic 
amyloidosis. Cardiac amyloidosis in those patients was 
ascertained with an endomyocardial biopsy (EMB) in 32 
patients and with autopsy in 28 patients. 

Approval for this study was obtained from Indiana 
University Institutional Review Board. Patients were 
referred for evaluation of cardiac involvement in the set- 
ting of established primary AL amyloidosis. Patients with 
secondary amyloidosis or with localized, familial, or 
senile amyloidosis were excluded. Cardiac amyloidosis 
in those patients was ascertained either with an endo- 
myocardial biopsy or with autopsy. A detailed exami- 
nation of patients’ medical records was performed to 
determine accurate mortality information. In case of 
missing or unclear data, the National Death Registry was 
used to confirm the status of the remainder.  

A review of the medical records was performed by a 
team of physicians blinded to the patient outcome. The 
following information was reviewed and recorded: 
demographic data, New York Heart Association (NYHA) 
heart failure class, ECG findings, and echocardiographic 
results. Patients were followed up until death or for at 
least 1 year after the diagnosis of cardiac amyloidosis. 

The electrocardiograms of patients who visited India- 
na University hospitals were analyzed for the following 
characteristics: rhythm, conduction abnormalities (i.e., 
AV block, right or left bundle branch block), a low- 
voltage pattern (defined by total height of the QRS com-
plex in the limb leads <5 mm and <10 mm in the pre-
cordial leads), a pseudo-infarction pattern (pathologic Q 
waves on the ECG, but no coronary artery disease by 
angiography), and a left or right atrial abnormality. The 
echocardiograms were analyzed for the following char- 
acteristics: inter-ventricular septal (IVS) thickness, pos- 
terior wall thickness (LVPW), left ventricular (LV) dia- 
stolic diameter, LV systolic diameter, atrial size, pericar- 
dial effusion size (if present), left ventricular ejection 
fraction (LVEF), and granular/sparking appearance of the 
myocardium by visual inspection.  

Endomyocardial biopsies were obtained in the stand- 
ard fashion from patients with suspicion of cardiac amy- 
loidosis. The biopsies were analyzed with a standard 
hematoxylin-eosin preparation. All biopsies were also 
stained with Congo red to confirm the presence of amy- 
loidosis. If the Congo red staining was equivocal, the 
biopsy was reviewed by electron microscopy to confirm 
the diagnosis. Finally, all biopsies with amyloidosis un-
derwent immune-histochemical staining to help ascertain 
the exact etiology of the amyloid.  

2.2. Statistical Analysis 

Baseline demographic and clinical variables are descrip-

tively summarized. Continuous variables are expressed 
as mean ± SD. Categorical data are presented as percent 
frequency. Student’s t test was used to compare differ-
ences between 2 groups for continuous variables and 
chi-square test was used for categorical variables. Sur-
vival analysis was performed using univariate and mul-
tivariate Cox proportional hazards and hazards ratio of 
the individually tested variables were calculated. Uni-
variate survival analysis is graphically demonstrated us-
ing Kaplan-Meier curves. Data collection and analysis 
was performed using STATA 12. A p value < 0.05 was 
considered statistically significant.  

3. RESULTS 

A total of 60 patients with histologically proven primary 
cardiac amyloidosis were studied. Cardiac amyloidosis in 
those patients was ascertained with an EMB in 32 pa- 
tients and with autopsy in 28 patients. Mean age was 
57.9 ± 10.2 years, 70% were male and 86.6% were Cau- 
casians. 71.6% of patients had multiorgan involvement 
(defined as two or more organs affected by amyloidosis) 
with 72.3% having a positive pyrophosphate scan. Con- 
gestive heart failure (NYHA II-IV) was present in 60% 
of patients (Table 1). 

Electrocardiographic analysis revealed a low voltage 
among 54.2% of patients. 57.6% of patients had an ab- 
normal QRS axis and 51.7% of patients had a pseudo 
infarct pattern with no previous history of a myocardial 
infarct with 17.2%, 27.5%, 3.4%, 15.5% and 1.7% hav- 
ing a septal, inferior, anterior, antero-septal and an-  

 
Table 1. Demographic of patients with primary cardiac amy- 
loidosis. 

Summary of demographic 

Mean age (years) 57.94 ± 10.22 

Gender  60 

Male 42 (70%) 

 female 18(30%) 

Race  

Caucasian 52 (86.6%) 
 

African American 8 (13.3%) 

CHF* (NYHA II-IV)†  

NYHA II 20 (33.3%) 

NYHA III 6 (10%) 

 NYHA IV 10 (16.6%) 

Multi-organ involvement  

Yes 43 (71.6%) 

 No 17 (28.3%) 

Pyrophosphate scan 34 (72.3%) 

*CHF: Congestive Heart failure, †NYHA: New York Heart Association 
classification for heart failure. 
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tero-lateral infarct pattern respectively. 80.3% of patients 
were in normal sinus rhythm with 71.6% of patients had 
conduction abnormalities. 21.6% of patients having a 
first degree block and 6.6% of patients having a second 
degree AV block. Right bundle branch block, left bundle 
branch block, intraventricular conduction delay and left 
anterior hemiblock were present among 13.3%, 3.3%, 
3.3% and 30% of patients respectively. Average QTc was 
448.6 ± 37.6 ms with 58.9% of patients having a QTc > 
440 ms. Abnormal T wave was present among 50% of 
patients with 25.8% and 32.7% of patients having low 
flat and inverted T wave respectively (Table 2). 

2D echocardiogram analysis revealed left ventricular 
hypertrophy (LVH) in 82.7% of patients. LVEF and 
RVSP were 0.47 ± 0.13 and 40.8 ± 10.3 mmHg respec- 
tively. The mean interventricular thickness and left pos- 
terior wall thickness were 1.46 ± 0.34 and 1.43 ± 0.33 
cm respectively. Mitral regurgitation (MR), left atrial 
enlargement, speckled appearance and pericardial effu- 
sion were present among 62%, 63.1%, 8.7% and 42.1% 
of patients respectively (Table 3). 

Although congestive heart failure, IVS, LVPW and EF 
were significant on univariate survival analysis, only 
New York Heart Association Class and interventricu-
larseptal wall thickness were significant predictors of 
mortality during follow-up on multivariate analysis (Ta-
ble 4, Figures 1 and 2). 

First degree AV block, abnormal flat T wave , left and 
right atrial dilatation, LVEF < 50%, IVS ≥ 1.5 cm, 
LVPW thickness > 1.1 cm and mitral regurgitation were 
statistically more common among patients with CHF 
(NYHA II-IV) (p < 0.01).  

The median survival for patients with cardiac amylo- 
idosis was 12.2 ± 4.4 months, 50% of patients survived 
for more than 1 year. Patients with CHF (NYHA II-IV) 
had a median survival of 7.5 ± 1.7 months contrary to 
those without CHF who had a median survival of 31.2 ± 
11.4 months. Moreover, patients with IVS ≥ 1.5 cm had a 
median survival of 7.0 ± 1.1 months, contrary to those 
with an IVS < 1.5 cm who had a median survival of 31.9 
± 12.4 months. 

4. DISCUSSION 

In our study we examined clinical, electrocardiographic 
and echocardiographic variables in relation to survival in 
a cohort of 60 patients with histologically-proven pri- 
mary cardiac amyloidosis with the finding that only New 
York Heart Association class and interventricularseptal 
wall thickness as independent predictors of mortality.  

Prognosis of patients of primary amyloidosis is poor. 
In three series published in 1980’s, comprising almost 
500 cases of primary systemic amyloidosis (AL) from 
the Mayo Clinic, the median survival was 14.7 months or 
less [8-10]. Since then few studies assessed median sur-  

Table 2. Electrocardiographic findings in patients with primary 
cardiac amyloidosis. 

Electrocardiogram Findings  

Low voltage EKG* 32 (54.2%) 

Pseudo-infarction 30 (51.7%) 

Yes 28 (48.2%) 

No  

Septal 10 (17.2%) 

Inferior 16 (27.5%) 

Anterior 2 (3.4%) 

Anteroseptal 9 (15.5%) 

 

Anterolateral 1 (1.7%) 

Normal conduction  

Yes 43 (71.6%) 

No 17 (28.3%) 

1st degree AV† block 13 (21.6%) 

2nd degree AV† block 4 (6.6%) 

 

3rd degree AV† block 0 (0%) 

Right bundle branch block 8 (13.3%) 

Left bundle branch block 2 (3.3%) 

Interventricular conduction delay 2 (3.3%) 

Left anterior hemiblock 18 (30.0%) 

left posterior hemiblock 0 (0%) 

QTc  448.6 ± 37.6 

QTc > 440ms 33 (58.9%) 

sinus rhythm 50 (83.3%) 

sinus tachycardia 9 (15.0%) 

sinus bradycardia 3 (5.0%) 

Atrial fibrillation or flutter 8 (13.3%) 

PVC‡  4 (6.6%) 

APC§  3 (5.0%) 

Abnormal T wave 

Yes  29 (50%) 

No  29 (50%) 

Low flat  15 (25.8%) 

Inferior 14 (24.1%) 

Lateral 7 (12.1%)  

Anterior 4 (6.9%) 

Inverted  19 (32.7%) 

Inferior 7 (12.1%) 

Lateral 15 (25.8%)  

Anterior 7 (12.1%) 

Abnormal QRS axis  

Yes 34 (57.6%) 
 

No 25 (42.3%) 

*EKG: Electrocardiogram, †AV: Atrio-ventricular, ‡: PVC: Premature ven-
tricular contraction, §APC: Premature atrial contraction 

 
vival and predictors of survival among patients with AL 
amyloidosis and cardiac involvement [11-15]. Further- 
more, the exact incidence of cardiac amyloidosis is dif-  
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Table 3. Echocardiographic findings in patients with primary 
cardiac amyloidosis. 

Echocardiographic finding   

LV end diastolic diameter (cm) 4.0 ± 0.6 

LV end systolic diameter (cm) 2.8 ± 0.7 

Left atrial size (cm) 4 ± 0.8 

IVS tickness (cm)* 1.4 ± 0.3 

Left posterior wall thickness 1.4 ± 0.3 

Speckled appearance of myocardium 5 (8.7%) 

LVEF† 0.47 ± 0.12 

Left atrial dilatation (echo) 36 (63.1%) 

Right atrial dilatation (echo) 8 (14.2%) 

Left ventricular dilation (echo) 2 (3.5%) 

Right ventricular dilatation (ech0) 3 (5.3%) 

Left ventricular hypertrophy ( echo) 48 (82.7%) 

RVSP‡ 40.8 ± 10.3 

mitral regurgitation 31(62.0%) 

pericardial effusion 24 (42.1%) 

*IVS: Interventricular thickness, †LVEF: Left ventricule ejection fraction, 
‡RVSP: Right ventricular systolic pressur 

 
ficult to establish; it is under-diagnosed in the elderly and 
most patients are asymptomatic in early stages. Few 
studies assessed prognostic markers in patients with his- 
tologically proven primary cardiac amyloidosis [16]. En- 
domyocardial biopsy remains the gold standard diagnos- 
tic test, however cardiac amyloidosis has been more fre- 
quently diagnosed indirectly by echocardiographic evi- 
dence of amyloidosis and histological confirmation of 
amyloid on non-cardiac tissue [16]. Cardiac involvement 
affects patients’ performance and limits therapeutic op- 
tions. Patients can rapidly deteriorate and usually have a 
poor prognosis. Previous reports estimated the median 
survival for cardiac amyloidosis as less than one year [7] 
and the reported mean survival after heart failure onset is 
6 months [7] which is similar to what is reported in our 
study.  

Multiple studies assessed different variables being ass- 
ociated with adverse outcome such as CHF, LVPW thick- 
ness, right ventricular dilatation, low EF, LA enlargement 
among other variables [12-15,17].  

The absence of heart failure and an IVS < 1.5 cm were 
the only factors associated with better survival in our 
study.  

LA enlargement, abnormal flat T wave, left/right atrial 
dilatation, LVEF, LVPW and MR were more common 
among patients with CHF (II-IV) but failed to predict a 
better survival outcome on multivariate analysis. 

IVS has been used as a non-invasive marker for the 
diagnosis of cardiac amyloidosis [18]. In a recent study 
conducted by Austin et al., IVS failed to predict long 
term mortality [11]. In another study conducted by Kris- 
ten et al. [14], IVS thickness was a predictor of outcome  

on univariate analysis but not on multivariate analysis. 
Among the echocardiographic findings in our study 

which might prove to be useful in risk stratification is the 
magnitude of IVS thickness. Those patients with IVS 
thickness less than 1.5 cm were more likely to survive 
for a longer period of time. Moreover, LVPW thickness 
was a predictor of mortality on univariate analysis but 
this failed to be true on multivariate analysis. This is in 
contrast to what is reported in the literature where LVPW 
thickness was a strong predictor of clinical outcomes [13, 
14]. 

Kristen et al. reported that left ventricular ejection 
fraction is a predictor of mortality on multivariate analy- 
sis [14]. In our study LVEF univariate analysis was a 
predictor of a better survival but failed to predict any sur- 
vival benefit on multivariate analysis.  

Pericardial effusion may suggest a restrictive cardi- 
omyopathy or cardiac amyloidosis; its presence might 
even result in low voltage on EKG [19]. In our study, 
around 42% of patients had pericardial effusion, this is 
less than what is reported by Piper et al. where 63% of 
patients had pericardial effusion [19]. Absence of peri-
cardial effusion failed to predict survival benefit.  

Left atrial dilatation a surrogate marker of diastolic 
dysfunction was present in 63% of our patients. In con- 
trary to what is reported in the literature, absence of left 
atrial dilatation failed to predict any survival benefit [15].  

Despite the presence of a variety of EKG findings 
which might be helpful in diagnosing cardiac amyloido- 
sis, low voltage and pseudo infarct were more common 
than what Murtagh [20] and less than what Dubrey [5] 
reported in their studies. The variety of abnormal EKG 
findings did not have prognostic significance in our 
study or in other prior studies. 

There are several reasons why different electrocardi- 
ographic and echocardiographic parameters have been 
associated with survival in some studies but not others 
including our study. First, study populations have been 
variable, with most subjects being diagnosed with car- 
diac amyloidosis based on noncardiac biopsy, electrocar- 
diographic and echocardiographic changes suggestive of 
cardiac involvement. It is well documented that many of 
those parameters like ejection fraction, diastolic dysfunc- 
tion, and low voltage among others may be present in pa- 
tients with amyloidosis without cardiac involvement and 
may affect survival. On the other hand many patients 
with AL amyloidosis with typical non-invasive diagnos- 
tic tests suggestive of cardiac involvement were not re- 
ferred for an EMB which limit the number of patients 
being analyzed in many of the cardiac amyloidosis stud- 
ies. Moreover the use of echocardiographic measures 
like ejection fraction to predict prognosis might not be 
very accurate because its estimation depends on operator 
experience, technique used and presence of other medi-  
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Table 4. Univariate and multivariate predictors of survival in patients with primary cardiac amyloidosis. 

 Univariate analysis  Multivariate analysis  

Variable Hazard ratio [95% CI] P value Hazard ratio [95% CI] p value 

Sex 0.78 [0.61 - 1.86] 0.833   

Race 0.78 [0.37 - 1.67] 0.5365   

CHF* (NYHA II-IV)† 2.66 [1.50 - 4.74] 0.0005 3.04 [1.135 - 8.187] 0.027 

Low voltage limb leads 1.43 [0.84 - 2.46] 0.1794   

Q Wave 1.42 [0.84 - 2.42] 0.191   

Conduction abnormalities 1.47 [0.82 - 2.62] 0.2022   

Rhythm abnormalities 0.86 [0.43 - 1.72] 0.6735   

T wave abnormalities 1.44 [0.85 - 2.44] 0.1727   

IVS‡ 3.68 [1.64 - 8.26] 0.0024 3.51 [1.31 - 9.39] 0.012 

LVPW§ thickness 3.32 [1.36 - 8.16] 0.0099 0.86 [0.20 - 3.77] 0.845 

Speckled appearance 0.68 [0.27 - 1.73] 0.3982   

LVEF|| (45%) 0.47 [0.24 - 0.94] 0.0397   

LVEF|| (50%) 0.39 [0.20 - 0.78] 0.0092 1.18 [0.47 - 2.96] 0.724 

Left atrial dilatation 1.47 [0.85 - 2.57] 0.1572   

QTc prolongation 1.06 [0.62 - 1.83] 0.8183   

Mitral regurgitation 1 [0.56 - 1.80] 0.9751   

Pericardial effusion 1.28 [0.94 - 1.75] 0.1304   

Pyrophosphate scan 1.25 [0.66 - 2.40] 0.488   

Multiorgan involvement 0.82 [0.46 - 1.47] 0.5186   

*CHF: congestive heart failure, †NYHA: New York Heart association classification, ‡IVS: Interventricular septum thickness, §LVPW: Left ventricular posterior 
wall, ||LVEF: Left ventricle ejection fraction. 

 

 
 Figure 1. Kaplan-Meier survival curve by congestive heart 

failure (CHF) status for all-cause mortality. Figure 2. Kaplan-Meier survival curve by interventricularsep-
tal thickness (IVS) for all-cause mortality.  

cal/co-morbid conditions [21].   
Among the clinical data, only the presence of CHF 

reflected poor prognosis and predicted a survival of less 
than one year. The presence of multi-organ involvement 
was not a useful predictor of survival.  

mortality [11].  
In our study the median survival for patients with 

cardiac amyloidosis was 12.23 ± 4.43 months, 50% of 
patients survived for more than 1 year. Our results are in 
accordance to what is published in the literature [5,11, 
14,24]. Our group of patients with heart failure did better 
than what Kyle et al. reported [7]. This discrepancy in 
survival might be due to the advances in amyloidosis and 
heart failure therapy.  

Functional status, defined by NYHA class, is a strong 
predictor of outcome in patients with depressed or 
preserved LV function [22,23]. This applies to patients 
with cardiac amyloidosis. Our study, similar to other 
studies, has shown that NYHA is a strong predictor of  
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Our study was able to identify one clinical and one 
echocardiographic parameter that can be used to identify 
patients at high risk for disease progression. Identifica- 
tions of such markers early before clinical deterioration 
might help in prompt institution of therapy whether it is 
chemotherapy, bone marrow and heart transplantation 
[25].  

The strength of our study lies in the fact that it invo- 
lved 60 patients with histologically proven cardiac amy- 
loidosis.  

A limitation of this study is that it is a retrospective, 
single centered cohort study that included 60 patients 
over a long period of time. This might be due to the fact 
that amyloidosis is a rare disease and cardiac involve- 
ment with cardiac tissue documentation is even rarer. 
Moreover, other variables like troponin I/T, proBNP, 
cardiac MRI, E/A ratios and strain in addition to others, 
have been associated with mortality were missing and 
were not included in our study.  

5. CONCLUSIONS 

Our study indicates that patients with cardiac amyloid- 
osis have similar outcome to what is reported in the lit- 
erature. Long term survival is strongly associated with 
CHF (NYHA II-IV) and septal thickness compared to 
other electrographic and echocardiographic parameters.  

Moreover, our study indicates that NYHA and IVS 
may be used to detect patients at high risk of mortality 
and help early initiation of aggressive management and 
treatment. 
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