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Long-Term Clinical Outcomes in Patients With Transthyretin
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Abstract

Background: We sought to compare the long-term outcomes in pa-
tients with transthyretin cardiac amyloidosis (CA) compared to those
with non-ischemic cardiomyopathy (NICM) from a large healthcare
system database.

Methods: Patients with CA or NICM were identified from SSM
Healthcare System’s data warehouse using ICD codes. Inclusion cri-
teria included at least 6 months of follow-up. Outcomes studied were
heart failure hospitalization (HFH), ventricular tachyarrhythmias
(VTA), implantable cardiac defibrillator (ICD) and pacemaker (PM)
placement. Multivariate logistic analysis and Kaplan-Meier survival
curves were constructed.

Results: We identified 231 patients with CA and 462 with NICM,
matched for age, race, and gender. CA patients had higher incidence
of peripheral vascular disease (48.5% vs. 35.5%) and coronary artery
disease (10.4% vs. 6.1%). Mean follow-up was 48.1 + 33.1 months.
CA patients had a higher rate of HFH (57.6% vs. 46.1%) and a lower
rate of ICD (1.7% vs. 5.9%). In the multivariate model, CA patients
had significantly higher odds for HFH (odds ratio: 1.86; 95% con-
fidence interval: 1.29 - 2.68). Kaplan-Meier survival curves showed
a trend toward earlier HFH and later PM or ICD implantation in CA
patients.

Conclusions: In this retrospective study from a large healthcare
system database, compared to NICM, transthyretin CA patients had
significantly higher rates of HFH, similar odds of VTA, and a lower
likelihood of receiving an intracardiac device.
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Introduction

Cardiac amyloidosis (CA) is a form of restrictive cardiomyo-
pathy caused by amyloid fibril deposition in the extracellular
space of the heart. Among patients who have CA, approxi-
mately 95% of cases are caused by the deposition of transthyre-
tin (ATTR amyloidosis) or immunoglobulin light chains (AL
amyloidosis). CA is associated with both systolic and diastolic
heart failure (HF), which has significant morbidity and mortal-
ity [1] and should be managed differently from other forms
of non-ischemic cardiomyopathy (NICM) [2]. While there has
been an increase in prevalence over the last 20 years, the inci-
dence of CA has remained relatively stable [3, 4]. NICM is a
broad term that includes patients whose cardiomyopathy is not
primarily caused by obstructive coronary artery disease. The
most common form of NICM is dilated cardiomyopathy with a
reduced left ventricular ejection fraction (LVEF). Other com-
plications of CA, other than HF, include atrial arrhythmias,
ventricular tachyarrhythmias (VTA) and valvular heart disease
[5-7]. We sought to compare the long-term clinical outcomes
in patients with transthyretin CA versus NICM patients from a
large healthcare system database.

Materials and Methods

CA and NICM patients were identified from SSM Health-
care System’s data warchouse using ICD codes. SLU-SSM
is a member site of the Health Care Systems Research Net-
work (HCSRN) [8] and the virtual data warehouse (VDW)
was created and is maintained per HCSRN specifications.
The SSM healthcare system includes locations in Missouri,
Illinois, Oklahoma, and Wisconsin. The VDW contains de-
identified clinical data for over 5 million patients dating
back to 2008. This includes ICD-9 and ICD-10 codes, pro-
cedure codes, pharmacy orders, vital signs, laboratory tests,
and demographics. The ICD codes included the most recent
ICD-10 designation specific for cardiac amyloid, E85.4, and
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Table 1. Patient Demographics and Clinical Characteristics at Baseline

Characteristics Cardiac amyloidosis (n = 231) Non-ischemic cardiomyopathy (n =462) P-value
Demographics
Age, mean (SD) 73.4 (11.8) 73.1 (11.8) -
Race/ethnicity, n (%)
White 172 (74.5%) 344 (74.5%) -
Black 50 (21.6%) 100 (21.6%) -
Other 9 (3.9%) 18 (3.9%) -
Male, n (%) 117 (50.6%) 234 (50.6%) -
Baseline clinical comorbidities
Smoker, n (%) 30.5 (48.9%) 30.6 (44.2%) 0.39
Diabetes, n (%) 80 (34.6%) 175 (37.9%) 0.17
Hypertension, n (%) 88 (38.1%) 151 (32.7%) 0.06
Dyslipidemia, n (%) 181 (78.4%) 332 (71.9%) <0.0001
Sleep apnea, n (%) 116 (50.2%) 159 (34.4%) 0.11
Atrial fibrillation, n (%) 57 (24.7%) 89 (19.3%) 0.001*
Implantable defibrillator, n (%) 61 (26.4%) 180 (39.0%) -
Pacemaker, n (%) 0 42 (9.1%) 0.001*
History of stroke, n (%) 10 (4.3%) 60 (13.0%) 0.06
History of myocardial infarction, n (%) 82 (35.5%) 132 (28.6%) 0.04*
Coronary artery disease, n (%) 24 (10.4%) 28 (6.1%) 0.001%*
Peripheral vascular disease, n (%) 112 (48.5%) 164 (35.5%) 0.02*
Chronic lung disease, n (%) 44 (19.0%) 57 (12.3%) 0.32
Chronic kidney disease, n (%) 66 (28.6%) 116 (25.1%) 0.20

*P values < 0.05. SD: standard deviation.

some who had combined ICD-9 codes including 425.7 were
also used to isolate patients with CA. Patients with the code
277.39 were excluded to isolate patients with transthyretin
CA. Because patients do not actively participate and all data
are de-identified, all studies utilizing VDW data are approved
as non-human subjects research by the Saint Louis University
Institutional Review Board.

For this retrospective cohort study, we selected patients
aged 18 or older with a new ICD-9 or ICD-10 diagnosis of
either NICM or CA after January 1, 2011. The remaining ICD
codes used for defining the studied population and outcomes
are included in Supplementary Material 1 (cr.elmerpub.com).
A list of ICD codes used to define the comorbidities is in-
cluded in Supplementary Material 2 (cr.elmerpub.com). Pa-
tients were required to have evidence of healthcare activity
in the 2 years prior to incident diagnosis and in the 6 months
after diagnosis. This ensures that patients received their care
primarily in the SSM system and available data were repre-
sentative of care received. Patients on transthyretin stabiliz-
ers, i.e., tafamidis were not included in this analysis. NICM
patients were matched 2:1 to CA patients based on age, gen-
der, and race.

The primary exposure variable was the cardiac diagnosis:
NICM or CA. Hospitalization with a HF diagnosis was identi-
fied based on inpatient encounter data with a corresponding

primary diagnosis of HF. Ventricular tachyarrhythmia (VTA)
episodes were identified using ICD-9 and ICD-10 codes and
included ventricular tachycardia or ventricular fibrillation.
Implantable cardiac defibrillator (ICD) and pacemaker (PM)
placement were defined based on procedure codes (CPT, pro-
cedure ICD-9, and procedure ICD-10). Covariates included
age at diagnosis, race, and comorbid medical conditions. De-
tailed definitions for all variables are in Supplementary Mate-
rials 1, 2 (cr.elmerpub.com).

Bivariate associations were assessed using Student’s -
tests for continuous variables and Chi-square and Fisher’s ex-
act tests for categorical variables. Separate logistic regression
models were computed to estimate the association between
cardiac diagnosis and odds of each outcome. Kaplan-Meier
curves were used to compare the time to outcome event for se-
lected outcomes. An alpha value of 0.05 was used for all tests
and SAS v9.4 (Cary, NC) was used for all analyses.

Results

Patient characteristics are listed in Table 1. After match-
ing, there were 231 and 462 patients with CA and NICM,
respectively, who fit our inclusion criteria. CA patients had
higher prevalence of peripheral vascular disease (48.5% vs.
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Table 2. Basic Laboratory Values and Cardiac Medications

CA (n=231) NICM (n = 462) P-value
Labs
BNP (median, IQR) 453 (232 - 1,135) 376 (173 - 930) 0.06
Creatinine (median, IQR) 1.20 (0.86 - 1.74) 1.09 (0.90 - 1.50) 0.07
Hemoglobin (median, IQR) 12.5 (11.0 - 13.6) 12.6 (11.1 - 14.1) 0.02*
Troponin (median, IQR) 0.03 (0.015-0.11) 0.03 (0.02 - 0.07) 0.56
Cardiac medications, n (%)
Anti-coagulant 87 (37.7%) 208 (45.0%) 0.07
Anti-platelet 68 (29.4%) 141 (30.5%) 0.77
Aspirin 155 (67.1%) 305 (66.0%) 0.77
ACE inhibitor 62 (26.8%) 92 (19.9%) 0.04*
Angiotensin receptor blocker 175 (75.8%) 287 (62.1%) 0.0003*
Beta-blocker 197 (85.3%) 394 (85.3%) 1.0
Class I anti-arrhythmic 3 (1.3%) 14 (3.0%) 0.17
Class III anti-arrhythmic 37 (16.0%) 97 (21.0%) 0.12
Calcium channel blocker 143 (61.9%) 206 (44.6%) <0.001%*
Diuretic 191 (82.7%) 345 (74.7%) 0.02*
Statin 173 (74.9%) 278 (60.2%) <0.001%*

*P values < 0.05. ACE: angiotensin-converting enzyme; BNP: B-type natriuretic peptide; CA: cardiac amyloidosis; IQR: interquartile range; NICM:

non-ischemic cardiomyopathy.

35.5%) and coronary artery disease (10.4% vs. 6.1%) at the
time of diagnosis. Patient labs and cardiac medications are
listed in Table 2. Significantly more CA patients were on
angiotensin-converting enzyme (ACE) inhibitors (26.8% vs.
19.9%), angiotensin receptor blockers (75.8% vs. 62.1%),
calcium channel blockers (61.9% vs. 44.6%), statin (74.9%
vs. 60.2%) and diuretics (82.7% vs. 74.7%), compared to
NICM patients. Mean follow-up duration was 48.6 vs. 44.3
months, respectively.

Clinical outcomes are listed in Table 3. CA patients had
significantly higher rates of HF hospitalization (HFH, 57.6%
vs. 46.1%) and lower rates of ICD placement (1.7% vs. 5.9%).
CA had a significantly higher rate of right bundle branch
blocks (10.3% vs. 3.3%). The logistic regression model data
are listed in Table 4. In the unadjusted data, CA patients had

Table 3. Cardiac Outcomes for CA vs. NICM Patients

higher odds for HFH (odds ratio (OR): 1.58, 95% confidence
interval (CI): 1.15 - 2.68) and lower odds for an ICD place-
ment (OR: 0.28, 95% CI: 0.10 - 0.81). There was no signifi-
cant difference in the odds of VTA (OR: 0.85, 95% CI: 0.51
- 1.41) or receiving a PM implantation (OR: 0.66, 95% CI:
0.35 - 1.24). After adjusting for demographics and relevant
comorbidities, CA patients still had higher odds of HFH (OR:
1.86, 95% CI: 1.29 - 2.68). HF etiology (CA vs. NICM) re-
mained unassociated with VTA (OR: 0.78, 95% CI: 0.44 - 1.4)
or PM (OR: 0.64, 95% CI: 0.24 - 1.68) after adjusting for
covariates. Due to the small number of patients receiving ICD
in the CA group, adjusted logistic models were not possible
for this outcome.

In the unadjusted survival analysis, there was no signifi-
cant difference in the hazard ratio (HR) for HFH (HR: 1.21,

CA (n=231) NICM (n = 462) P-value
Heart failure hospitalization 133 (57.6%) 213 (46.1%) 0.005%*
Right bundle branch block 23 (10.3%) 15 (3.3%) <0.001%*
Left bundle branch block 8 (3.5%) 33 (7.6%) 0.08
Second-degree heart block 2 (0.9%) 5(1.1%) 0.79
Third-degree heart block 11 (4.8%) 15 (3.4%) 0.41
Ventricular tachyarrhythmias 26 (11.9%) 58 (13.8%) 0.53
Pacemaker 15 (6.6%) 42 (9.4%) 0.19
Defibrillator 4 (1.7%) 27 (5.9%) 0.02*

*P values < 0.05. CA: cardiac amyloidosis; NICM: non-ischemic cardiomyopathy.
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Table 4. Adjusted Logistic Regression

Characteristics HFH, Defibrillator, Pacemaker, Ventricular tachyarrhythmias,
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

CA vs. NICM 1.86 (1.29 - 2.68)* 0.06 (0.01 - 0.64)* 0.64 (0.24 - 1.68) 0.78 (0.44 - 1.40)

Smoker 1.54 (0.99 - 2.39) 0.22 (0.02 - 2.19) 0.24 (0.07 - 0.83)* 1.93(0.93 -4.01)

Diabetes 0.94 (0.61 - 1.46) 11.36 (1.48 - 87.31) 1.24 (0.40 - 3.90) 0.99 (0.50 - 1.94)

Hypertension 1.06 (0.64 - 1.75) 1.03 (0.16 - 6.76) 0.91 (0.30 - 2.73) 0.80 (0.37 - 1.73)

Dyslipidemia 0.89 (0.59 - 1.36) 8.29 (1.26 - 54.58) 2.23(0.79 - 6.32) 0.89 (0.46 - 1.69)

Sleep apnea

Atrial fibrillation
Implantable defibrillator
Pacemaker

History of stroke
Myocardial infarction
Coronary artery disease
Peripheral vascular disease

Chronic lung disease

0.71 (0.4 - 1.14)
1.84 (1.19 - 2.85)
1.18 (0.62 - 2.24)
0.79 (0.37 - 1.68)
1.05 (0.48 - 2.32)
0.95 (0.48 - 1.89)
1.10 (0.64 - 1.88)
0.64 (0.40 - 1.03)
2.50 (1.50 - 4.18)

0.02 (0.00 - 0.30)*
0.65 (0.09 - 4.68)
5.98 (0.37 - 96.21)
37.5(0.95 - 1,485.6)
0.59 (0.11 - 3.31)
0.13 (0.01 - 1.91)
2.64 (0.37 - 18.65)
0.69 (0.12 - 3.96)

0.21 (0.07 - 0.65)*
2.25(0.91-5.61)
5.41 (0.75 - 38.80)
4.33 (0.69 - 27.16)
0.26 (0.04 - 1.71)
0.57 (0.09 - 3.57)
2.16 (0.69 - 6.77)
1.22 (0.45 - 3.34)

1.04 (0.50 - 2.15)
0.83 (0.41 - 1.66)
0.52 (0.18 - 1.47)
0.74 (0.19 - 2.90)
1.22 (0.34 - 4.44)
1.20 (0.35 - 4.13)
0.72 (0.33 - 1.59)
1.40 (0.63 - 3.09)
1.17 (0.56 - 2.43)

*Statistically significant (confidence interval does not include 1). CA: cardiac amyloidosis; Cl: confidence interval; HFH: heart failure hospitalization;
NICM: non-ischemic cardiomyopathy; OR: odds ratio.

95% CI: 0.93 - 1.56) or VTA (HR: 0.69, 95% CI: 0.38 - 1.23).
In the adjusted survival analysis, CA patients had a trend for
a higher HR for HFH (HR: 1.31, 95% CI: 0.97 - 1.75), lower

PM (HR: 0.56, 95% CI: 0.17 - 1.85). Kaplan-Meier survival
curves (Figs. 1-4) showed a trend for HFH to occur sooner,
and PM or ICD to be implanted later from the diagnosis in

VTA events (HR: 0.53, 95% CI: 0.25 - 1.11) and receiving a CA patients.
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Figure 1. Kaplan-Meier curve for heart failure hospitalization.
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Figure 2. Kaplan-Meier curve for ventricular tachyarrhythmia.
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Figure 3. Kaplan-Meier curve for pacemaker placement.
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Figure 4. Kaplan-Meier curve for defibrillator placement.
Discussion tem abnormalities, increasing the risk of arrhythmias, which can

In this retrospective study from a large healthcare system data-
base, our main findings were as follows. 1) Patients with tran-
sthyretin CA had significantly higher odds of HFHs. 2) CA
patients tended to have lower rates of VTA initially but similar
rates overall. 3) There was a trend for CA patients to receive a
PM or ICD later from the diagnosis.

Our results are generally in line with prior studies. Our stud-
ied population with transthyretin CA had similar demographic,
comorbidity and laboratory profile to prior studies, including el-
evated B-type natriuretic peptide and troponin levels, which have
been shown to be markers of poor prognosis [9-11]. Of note, in
our study, right bundle branch block was more prevalent in CA
patients and this finding has also been shown in previous studies
[12]. Also of note, a relatively large percentage of patients in both
groups were on calcium channel blockers even though societal
guidelines recommend caution using them in CA patients [13].

CA patients in our study had significantly higher rates of
HFHs, with a trend to occur earlier from the date of diagnosis.
This is in line with prior studies that showed significant recur-
rent HFHs and decreased survival in CA patients [14]. Patients
with ATTR-CA may experience more frequent and severe heart
failure exacerbations than those with NICM due to the specific
pathophysiology of CA. In ATTR-CA, amyloid fibrils, primarily
derived from misfolded transthyretin (TTR) proteins, accumulate
in the myocardium, leading to restrictive cardiomyopathy, stiff-
ening of the heart walls, and impaired diastolic function [15]. Ad-
ditionally, the amyloid deposition contributes to conduction sys-

further exacerbate heart failure [16, 17]. The progressive nature
of amyloid deposition, particularly when left untreated, leads to
more frequent hospitalizations due to decompensated heart failure
compared to NICM, where myocardial dysfunction may progress
more slowly, often without the added burden of systemic amy-
loid-related organ involvement [18, 19]. In a propensity-matched
analysis from the National Inpatient Sample between 2005 and
2014, patients admitted with CA had a longer length of stay (7.5
vs. 6.2 days), were less likely to be discharged home (43.6% vs.
48.7%) and were more likely to die during the hospitalization
(7.4% vs. 4.9%, P <0.001 for all) [20]. Tafamidis, which prevents
cleavage of transthyretin tetramers and may reduce deposition
of amyloid, has been approved for patients with TTR CA after
significantly reducing mortality and cardiovascular-related hos-
pitalizations in the ATTR-ACT study [19]. Patients on tafamidis
were not included in this study and this analysis would be a good
reference as ATTR stabilizers, among other newer therapies, are
expected to change the landscape of TTR CA in the near future
[21], once they have been widely utilized [22-24].

The relatively high rate of PM needed in both groups in our
study is in line with prior studies. In ATTR-CA, the deposition of
amyloid fibrils in the myocardium disrupts the normal structure
and function of the heart, particularly the conduction system. This
deposition can cause electrical conduction abnormalities such
as atrioventricular (AV) block, bundle branch block, and other
arrhythmias, which significantly increase the risk of requiring
a PM [17]. Furthermore, amyloid infiltration of the heart mus-
cle can lead to stiffness and restrictive cardiomyopathy, which
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impairs diastolic filling and increases the risk of ventricular ar-
rhythmias, including those that can trigger sudden cardiac death.
The VTA survival curves in our study initially showed a trend for
VTA to occur later in CA patients but overall the incidence was
similar to NICM; this finding is similar to prior studies [13, 25].
CA patients are known to be at high risk for electromechanical
dysregulation, and arrhythmias in CA patients are associated with
increased mortality, acute HF exacerbations, increased length of
stay, hospitalization costs [6] and sudden cardiac death [26]. In-
terestingly, even though the overall incidence of VTA was similar
between both groups, CA patients had less ICD devices placed.
The guidelines for device placement for primary prevention in
CA patients are rather unclear [26, 27]. There is also a paucity
of data showing mortality benefit to primary prevention utilizing
ICD implantation in CA patients and some case reports and small
observational studies even suggested that it may be harmful [28,
29]. This might explain the lower rate of device placements in
CA patients in our study [17, 30-32].

There are several limitations to our study. Because of the
retrospective methodology using an administrative database,
we did not have data on key clinical indicators of antecedent
disease severity including previous numbers of hospitalizations.
We were not able to include mortality data in our analysis due
to the de-identified nature of the data in the VDW. In addition,
details of management were also unavailable including thera-
pies during hospitalization, efficiency of decongestion during
hospitalization and dosage optimization of guideline-directed
medical therapies as outpatient, all of which may potentially
have affected the course and future hospitalizations. As we used
a database limited to the hospitals in the SSM network, any care
received outside of this hospital system was not captured and
not available for analysis and interpretation, leading to an under-
estimation of the results. This is somewhat mitigated by us in-
cluding only patients with a history of follow-up in our system.
Finally, we could not evaluate other pertinent variables such as
the diagnostic criteria used to diagnose the comorbid conditions,
and outcomes. The strengths of this study include a significant
number of CA patients who were assessed across multiple hos-
pitals despite the somewhat rare nature of the disease. Further
studies should assess how the management of the medical co-
morbidities in this study affect overall mortality on patients CA.
In conclusion, in this retrospective study from a large healthcare
system database, compared to NICM, transthyretin CA patients
had significantly higher odds of HFHs and lower odds of receiv-
ing ICD. There was a trend for CA patients to develop HFH
sooner and receive a PM or ICD later from the diagnosis.

Supplementary Material

Suppl 1. ICD codes used to define the studied population and
outcomes.

Suppl 2. ICD codes used for defining comorbidities.
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