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ABSTRACT

Introduction: Transthyretin amyloid car-
diomyopathy (ATTR-CM) is a progressive, fatal
and under-recognized disease. This targeted lit-
erature review assessed the extent and

consequences of diagnostic delay and misdiag-
nosis in ATTR-CM.
Methods: The Embase database was searched
together with proceedings of eight cardiology
conferences to identify publications or abstracts
on ATTR-CM. Outcomes of interest were time
from symptom onset to diagnosis, rates of
delayed diagnosis and misdiagnosis, and costs,
healthcare resource use or clinical outcomes
whilst undiagnosed/misdiagnosed.
Results: Twenty-three articles were included.
Weighted means of reported mean and median
diagnostic delays were 6.1 and 3.4 years for
wild-type (ATTRwt-CM) and 5.7 and 2.6 years
for hereditary (ATTRv-CM). Misdiagnosis
occurred in 34–57% of patients when reported.
Evaluation and misdiagnosis by multiple
healthcare providers before receiving an ATTR-
CM diagnosis was common, and there was evi-
dence that patients undergo unnecessary or
inappropriate evaluations or treatments while
misdiagnosed. Diagnostic ‘‘red flags’’ were
reported to be underused. Data on the conse-
quences of delay for patients and health systems
were sparse, but given the progressive nature of
ATTR-CM, delay is likely to have adverse
consequences.
Conclusion: ATTR-CM patients commonly
experience diagnostic delay and misdiagnosis.
Efforts are required to provide timely diagnosis
so that patients can benefit from earlier access
to new disease-modifying therapies.
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Key Summary Points

Transthyretin amyloid cardiomyopathy
(ATTR-CM) is a progressive and fatal
disease that is often delayed in its
recognition or misdiagnosed.

This study reviewed the literature on
diagnostic delay and its impact on
patients and health systems.

Mean and median diagnostic delays were
6.1 and 3.4 years for ATTRwt-CM and 5.7
and 2.6 years for ATTRv-CM (weighted
means of reported delays).

Patients reported evaluation by multiple
healthcare providers before receiving a
diagnosis of ATTR-CM, and incorrect or
incomplete diagnoses were common.

Efforts are required to provide timely
diagnosis so that patients can benefit from
earlier access to new disease-modifying
therapies.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14333732.

INTRODUCTION

Transthyretin amyloid cardiomyopathy (ATTR-
CM) is a fatal disease characterized by the
deposition of misfolded transthyretin (TTR)
amyloid fibrils in the heart muscle (my-
ocardium) [1], resulting in progressive symp-
toms of heart failure and increased risk of
arrhythmias and conduction abnormalities

[1, 2]. Patients experience increasing functional
disability and significantly impaired health-re-
lated quality of life (HRQoL) as the disease
progresses [3]. Prognosis is poor, with life
expectancy between 2 and 6 years from diag-
nosis [4]. There are two subtypes of ATTR-CM:
wild-type (ATTRwt-CM), which appears to be
associated with aging, and a hereditary form,
also known as variant (ATTRv-CM), caused by
inherited genetic mutations of TTR [5].

The prevalence of ATTR-CM is not well
characterized, and global estimates could not be
identified. A prevalence estimate for ATTRwt-
CM of 3 per 10,000 has been reported in the
European Union [6]; however, only a small
proportion of these patients are currently diag-
nosed. Increasing evidence suggests that ATTR-
CM may be found in patients with other con-
ditions that are associated with aging, such as
heart failure with preserved injection fraction
(HFpEF) and aortic stenosis [7–10]. Hereditary
ATTR-CM is a rare disease; its prevalence is
unknown, and varies between regions due to
geographical clustering of TTR mutations [7].
Little information is available on the incidence
of ATTR-CM; a study from France suggested an
incidence rate for both subtypes combined of
1.8/100,000 in 2017 [11].

ATTR-CM is often delayed in its recognition
or misdiagnosed [7, 12]. Overlap of symptoms
with other conditions and fragmented knowl-
edge, limited chiefly to specialists, are believed
to have contributed to low awareness and con-
sequent underdiagnosis, even among heart
failure specialists [7, 12]. In addition, the need
for endomyocardial biopsy with histological
testing, previously regarded as the gold standard
for diagnosis [13], is thought to have discour-
aged or delayed investigation, as it is expensive,
requires specialist expertise and carries a proce-
dural risk [12–14]. A consensus paper on a
noninvasive diagnostic algorithm involving
nuclear bone scintigraphy imaging was pub-
lished in 2016 [13], and recent multi-societal
expert consensus recommendations for nonin-
vasive diagnostic techniques [4, 5, 15] and
diagnostic ‘‘red flags’’ [7] for ATTR-CM have
contributed to greater awareness. Until the
recent introduction of tafamidis for the treat-
ment of ATTR-CM there were no Food and Drug
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Administration (FDA)- or European Medicines
Agency (EMA)-approved pharmacologic thera-
pies, which further reduced the incentive to
appropriately diagnose these patients. Now that
a proven disease-modifying therapy is available
[16], delayed diagnosis represents a missed
opportunity for timely treatment.

Although diagnostic delay and misdiagnosis
are recognized problems in ATTR-CM, no
review and synthesis of the literature on this
topic has yet been published. The objective of
this targeted literature review was to assess the
extent of diagnostic delays and errors in ATTR-
CM and their consequences for patients and
healthcare systems.

METHODS

Literature Search

This targeted review was undertaken with ref-
erence to the PRISMA-P (Preferred Reporting
Items for Systematic Review and Meta-Analysis
Protocols) guidance [17]. The Embase database
was searched via Embase/Elsevier from incep-
tion to May 6, 2020. Search strategies used
variations around terms such as ‘‘transthyretin
cardiac amyloidosis’’, ‘‘delayed diagnosis’’ and
‘‘misdiagnosis’’. In addition, proceedings of
eight major cardiology conferences from Jan-
uary 2015 to 15 May 2020 were searched,
together with the reference lists of relevant
studies, and a free-text internet search was
undertaken. Searches were restricted to English
language publications. Search strategies and
conference proceedings searched are shown in
supplementary material Tables S1 and S2,
respectively.

Studies eligible for inclusion were those
describing adult patients with ATTR-CM
(ATTRwt-CM or ATTRv-CM) and reporting out-
comes relating to the following: time from
onset of symptoms to diagnosis; rate of misdi-
agnosis or delayed diagnosis; healthcare
resource use (healthcare provider visits, hospi-
talization, medication) or indirect costs whilst
undiagnosed or misdiagnosed; and disease pro-
gression, anxiety or mental health outcomes
whilst undiagnosed or misdiagnosed.

Titles and abstracts of publications identified
by the searches were screened for eligibility by a
single reviewer. The full text of potentially eli-
gible publications was reviewed against the eli-
gibility criteria, and reasons for exclusion were
documented. Data were extracted by a single
reviewer into a bespoke extraction grid; checks
were made by a second reviewer and discrep-
ancies resolved by consensus. Data extracted
from eligible publications included patient
characteristics (including genotype, age at onset
and age at diagnosis), time to diagnosis, rates of
misdiagnosis, common misdiagnoses, and clin-
ical consequences and resource use associated
with delayed diagnosis or misdiagnosis.

Data Analysis

Data were summarized descriptively. For
instances where diagnostic delay was not
reported but age at symptom onset and age at
diagnosis were available, delay durations were
derived as the difference between the reported
values. Delay durations were summarized across
study-defined ATTRwt-CM and ATTRv-CM
cohorts, weighting reported mean and median
delays by the corresponding cohort size. This
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

RESULTS

A total of 629 reports were identified excluding
any duplicates. Fifty-nine articles were retrieved
for full-text review, of which 23 met the inclu-
sion criteria (Fig. 1). Eleven were full publica-
tions and 12 were conference abstracts.
Electronic copies of the posters associated with
the conference abstracts were obtained where
available.

Twelve studies collected data in North
America [18–29], three in Asia [30–32], six in
Europe [3, 33–37], and two were conducted
internationally [38, 39]. Fourteen publications
reported data for ATTRwt-CM [40], eleven for
ATTRv-CM [3, 18, 21, 22, 24–26, 29, 30, 33, 39]
and seven for mixed ATTR-CM populations
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(ATTRwt-CM and ATTRv-CM
[18, 19, 23, 24, 27, 28, 37]). Study populations
were predominantly male (69.6–98.0%) and
elderly; mean age ranged from 60.9 to
78.2 years at symptom onset and 65.3 to
81.7 years at diagnosis. Details of the included
studies are provided in supplementary table S3.

Diagnostic Delay (Time to Diagnosis)

Twenty-two studies [3, 18–23, 25–39] reported
on diagnostic delay or had information on age
at symptom onset and age at diagnosis from
which time to diagnosis could be derived
(Table 1). Symptom onset was patient-reported
in some studies, while others reported delay
from first documented presentation with car-
diac or other specified symptoms. The nature of

Fig. 1 PRISMA flow diagram
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Table 1 Summary of diagnostic delay from symptom onset by study and ATTR-CM population

Publication Population, n Diagnostic delay (years)

Mean (SD) Median (IQR)

ATTRwt-CM

Cipriani 2019 [34] 18 2.3 (1) –

Connors 2016 [20] 121 – 0.8

Falk 2016 [21] 35 2.7 –

Garcia-Pavia 2019 [38]b 758 7.2 (0.5)c 3.9

González-López 2017 [35] 108 1.3 (1.1)c –

Grogan 2017 [22]b 275 6.4 (7.4) 3.8

Khella 2018 [39]b 349 – 3.6

Ladefoged 2020 [36] 50 – 1.1 (0.2, 2.1)

Lane 2019 [3] – – 3.3 (0.7, 6.5)

Lousada 2018 [25]a 70 – (25% went undiagnosed[ 4 years)d –

Lousada 2019 [26]a 91 – (27% went undiagnosed[ 4 years)d –

Nakagawa 2016 [31] 14 1.9 (2.7) –

Ochi 2020 [32] 39 2.1 (1.2)c –

ATTRv-CM

Bishop 2018 [18]e 67 (original cohort) – 3.7 (1.5, 7.0)

25 (secondary cohort) – 3.4 (1.9, 7.8)

Falk 2016 [21] 35 1.8 –

Grogan 2017 [22] 146 6.5 (9.9) 3

He 2019 [30] 23 – 2.5 (1.5, 3.8)

Khella 2018 [39]b 176 – 2.1

Lane 2019 [3] – – 2.1 (0.3, 5.0)

Lousada 2018 [25]a 114 – (16% went undiagnosed[ 4 years)d –

Lousada 2019 [26]a 123 – (15% went undiagnosed[ 4 years)d –

Swiecicki 2015 [29] 161 – 3.3

Mixed (ATTRwt-CM and ATTRv-CM patients)

Bishop 2018 [18] 52 – 2.9 (1.3, 6.0)

Chaudhary 2013 [19] 12 – 1.2

Kessler 2019 [23] 68 – (75% went undiagnosed[ 0.5 years)d –

López-Sainz 2020 [37] 116 2.8 (4.3) –

Papoutsidakis 2017 [27] 17 6.5 –
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symptoms that were retrospectively considered
as the first symptom was unspecified in most
studies, or referred to simply as cardiac symp-
toms. Fatigue, shortness of breath and periph-
eral edema were the most common cardiac
symptoms where a breakdown was reported.
Several studies included carpal tunnel syn-
drome as a presenting symptom.

Patients faced substantial delays between
onset of symptoms and a definitive ATTR-CM
diagnosis. Mean time to diagnosis in whole-
group ATTR-CM populations (i.e. not including
values reported by subgroups other than ATTR
type) ranged from 1.3 to 7.2 years for ATTRwt-
CM [21, 22, 31, 32, 34, 35, 38] and 1.8–6.5 years
for ATTRv-CM [21, 22] (Table 1). Median delays
ranged from 0.8 to 3.9 years for ATTRwt-CM
[3, 20, 22, 36, 38, 39] and 2.1–3.7 years for
ATTRv-CM [3, 18, 22, 30, 39] populations.

Synthesis of the reported data suggests that
overall, diagnostic delay is somewhat longer for
ATTRwt-CM than ATTRv-CM. Weighted means
of the reported mean and median diagnostic
delays across the overall study populations were
6.1 and 3.4 years for ATTRwt-CM and 5.7 and
2.6 years for ATTRv-CM (Fig. 2). However, not
all studies that reported on both groups reflec-
ted this trend; for example, Grogan et al. [22],
reporting on a relatively large (n = 425) multi-
national sample from the Transthyretin Amy-
loidosis Outcomes Survey (THAOS), found that

time to diagnosis was similar between the two
types.

The largest cohort of ATTRwt-CM patients
identified in the literature is that described by
Garcia-Pavia et al. [38], comprising 758 patients
from THAOS and likely containing some of the
same patients as the Grogan et al. [22] publica-
tion. The majority (69.3%) were from the USA
and 86.3% were Caucasian. The median time
from symptom onset to diagnosis (n = 651) was
3.9 years, with a 90th percentile time of
17.8 years illustrating the extremely long delay
experienced by some ATTR-CM patients.

Another large cohort is the 1034 patients
from the UK National Amyloidosis Centre,
described by Lane et al. [3]. In the subset of 534
English patients with hospital usage data avail-
able, 42% of ATTRwt-CM patients
waited[4 years for a diagnosis after first pre-
senting for consultation with cardiac symp-
toms; median (IQR) diagnostic delay was 39
(8–78) months. Median delay in ATTRv-CM
diagnosis was shorter, at 25 (4–60) months. The
proportion of patients waiting[4 years for
diagnosis was also reported by Lousada et al.
2018 [25], at 25% for ATTRwt-CM and 16% for
ATTRv-CM; these data were taken from an
online patient and caregiver survey, the Amy-
loidosis Research Consortium Cardiac Amyloi-
dosis Survey, comprising 70 respondents with
ATTRwt-CM and 114 with ATTRv-CM.

Table 1 continued

Publication Population, n Diagnostic delay (years)

Mean (SD) Median (IQR)

Papoutsidakis 2018 [28] 34 – 2.5

‘‘–’’ Not reported by studies
ATTRv-CM hereditary transthyretin amyloid cardiomyopathy, ATTRwt-CM wild-type transthyretin amyloid cardiomy-
opathy, IQR interquartile range, SD standard deviation
Publications belong to the same parent study: aAmyloidosis Research Consortium, the Amyloidosis Foundation and
Amyloidosis Support Groups; bThe Transthyretin Amyloidosis Outcomes Survey
c Diagnostic delay was derived as the difference between reported age at symptom onset and reported age at diagnosis
d No point estimate for diagnostic delay was presented
e Bishop et al. reported two unique ATTRv-CM cohorts: an original cohort (n = 67) and a secondary cohort (n = 25)
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Cipriani et al. [34] reported delay from clin-
ical suspicion of cardiac amyloidosis (on the
evidence of typical clinical, electrocardiogram
[ECG] and echocardiographic features) to
definitive diagnosis in the 18 patients diag-
nosed with ATTRwt-CM at their Italian univer-
sity hospital between 2015 and 2019. Mean
diagnostic delay was 2.3 ± 1 years, leading the
authors to conclude that long diagnostic delays
continue to occur despite increasing clinical
awareness and improved diagnostic modalities.

Similarly, Ladefoged et al. [36] reported delay
from first cardiologic examination in 50 con-
secutive patients diagnosed with ATTRwt-CM at
a Danish university hospital between 2017 and

2019. Median delay was 13 (2–47) months.
What they termed as ‘‘red flag’’ examinations
(correct diagnosis of ECG low voltage, utiliza-
tion of left ventricular global longitudinal strain
[LV-GLS] and measurement of the troponin T
(TnT) and N-terminal pro B-type natriuretic
peptide (NT-proBNP) biomarkers) were per-
formed significantly less often in patients with
longer diagnostic delay ([ 3 months
vs. B 3 months, p\ 0.001). They concluded
that established red flags for ATTR-CM are
poorly utilized in the diagnostic process.

Fig. 2 Overall study population diagnostic delays
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Factors Associated with Diagnostic Delay

Multivariate analyses conducted by Bishop et al.
[18] identified carpal tunnel syndrome (relative
risk [RR] 4.57, 2.58–8.09), age\70 at symptom
onset (RR 3.67, 2.05–6.56) and TTR variant sta-
tus (RR 2.23, 1.44–3.43 [no vs. yes]) as signifi-
cant predictors of longer times to diagnosis,
relative to the absence of these factors. The
study was a retrospective chart review of 82
patients diagnosed with cardiac amyloidosis at a
US center.

Several studies contained information on
delay broken down by specific demographic or
symptom groups, as shown in Supplementary
table S4. Factors associated with longer delay are
summarized in Table 2. However, information
on each group was limited.

Age
Grogan et al. [22] found that median time to
diagnosis in ATTRwt-CM was similar irrespec-
tive of age, whereas for ATTRv-CM it was longer
in patients diagnosed at C 70 years than in
those diagnosed at a younger age.

Sex
Gonzalez-Lopez et al. [35] found that time to
diagnosis of ATTRwt-CM was similar between
the sexes, although females were significantly
older than males at symptom onset (82.3 vs.
76.1 years, p = 0.002).

Phenotype
Bishop et al. [18] found that ATTRv-CM patients
with a predominantly cardiomyopathy pheno-
type had a significantly longer diagnostic delay
than those with a mixed phenotype (median
[IQR] delay 53.1 [29.3–93.7] vs. 26.2 [9.4–59.0]
months, p = 0.04). A similar trend was seen in
Cilberti et al. [33], where the mean (SD) delay
was 4 (3.2) years in cardiac phenotype patients
and 3 (2.0) years in mixed phenotype. Bishop
et al. [18] also found that median diagnostic
delay was significantly longer in individuals
without a family history of amyloid than in
those with such a history (54.5 [26.1–94.5] vs.
24.5 [7.4–49.7] months; p = 0.0057).

Symptoms and Functional Classifications
There was little evidence on whether clinical
outcome measures or functional classifications
at presentation (for example, New York Heart
Association [NYHA] class) are associated with
length of diagnostic delay. The only study pro-
viding information on this was Gonzalez-Lopez
et al. [35], where no relationship was identified.
Nonspecific symptoms that present early in the
disease course could be expected to be associ-
ated with the longest diagnostic delay. Only
one study, Papoutsidakis et al. [28], examined
diagnostic delay from first presenting symptom;
it analyzed a mixed hereditary and wild-type
group of 34 ATTR-CM patients in the Yale Car-
diomyopathy Program in the USA. The symp-
tom associated with the longest delay was
carpal tunnel syndrome, with a median delay of
4.4 years. Erectile dysfunction, ocular problems
and peripheral neuropathy were the only other
symptoms associated with a median delay of
greater than 2 years in this study.

Our review did not comprehensively exam-
ine the literature on presenting symptoms in
ATTR-CM, as the included studies were required
to contain information on diagnostic delay.
However, several included studies stress the
importance of carpal tunnel syndrome in rais-
ing suspicion of ATTR-CM. Ladefoged et al. [36]
found that carpal tunnel syndrome was present
in 45% (15/33) of ATTRwt-CM patients who had
a diagnostic delay[ 3 months, compared with
18% (3/17) of those with a shorter delay
(p = 0.07). Lousada et al. [25] noted that 64% of
ATTRwt-CM and 57% of ATTRv-CM patients
had received a diagnosis of carpal tunnel syn-
drome before diagnosis with ATTR-CM.

Diagnostic Method
Information on the influence of diagnostic
method on diagnostic delay was sparse. Gon-
zalez-Lopez et al. [35], reporting on 108 con-
secutive ATTRwt-CM patients at two Spanish
centers over a period of up to 16 years, found a
shorter median (IQR) time to diagnosis in
patients diagnosed by noninvasive means (7
[1–45] months, vs. 12 [5–35] months for inva-
sive diagnosis), but the difference was not sta-
tistically significant.
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Table 2 Summary of findings on delayed diagnosis/misdiagnosis of ATTR-CM

Diagnostic delay

ATTRwt-CM: median time to diagnosis 3.4 years (mean 6.1)

ATTRv-CM: median time to diagnosis 2.6 years (mean 5.7)

Factors associated with diagnostic delay

Longer delay

Carpal tunnel syndrome (CTS)

Relative risk (RR) 4.6 (2.6–8.1) vs. no CTS [18]

CTS as the presenting symptom associated with longest delay (median 4.4 years) [28]

CTS present in 45% (15/33) of ATTRwt-CM patients with diagnostic delay[ 3 months, vs. 18% (3/17) of those with a

shorter delay (p = 0.07) [36]

ATTRwt-CM

RR 2.2 (1.4–3.4) vs. ATTRv-CM [18]

No family history of amyloid

Median 54.5 (IQR 26.1–94.5) vs. 24.5 (7.4–49.7) months with history; p = 0.0057 [18]

Predominant cardiomyopathy phenotype:

Median 53.1 (IQR 29.3–93.7) vs. 26.2 (9.4–59.0) months for mixed phenotype; p = 0.04 [18]

Mean 4 (SD 3.2) vs. 3 (2.0) years for mixed phenotype [33]

Mixed findings

Age

Mixed population: longer delay for age\ 70 at symptom onset (RR 3.7 [2.1–6.6] vs. older) [18]

ATTRwt-CM: no association between age at diagnosis and delay [22]

ATTRv-CM: longer median delay for age at diagnosis C 70 (3.4) vs. younger (2.2) [22]

Non-ATTR-CM diagnoses/misdiagnoses

34–57% of patients had previously received a non-ATTR-CM diagnosis for their symptoms

Two studies reported % of patients receiving specific misdiagnoses (note: some diagnoses overlap with ATTR-CM)

ATTRwt-CM [35]

Hypertensive cardiomyopathy: 12%

Hypertrophic cardiomyopathy: 8%

Ischemic heart disease: 4%

HFpEF: 3%

Aortic stenosis: 3%

Restrictive cardiomyopathy: 1%

Mixed ATTR-CM population [37]

HFpEF: 11.2%

Hypertensive heart disease: 10.3%

HFrEF: 5.2%

Hypertrophic cardiomyopathy: 5.2%

Ischemic heart disease: 2.6%

Aortic stenosis: 0.9%

Other (e.g. AF, AVB): 9.5%

Consequences of delay/misdiagnosis
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Misdiagnosis

Misdiagnosis (i.e. a diagnosis other than ATTR-
CM to explain the patient’s cardiac symptoms)
was common where reported, occurring in
34–57% of patients (five studies [24–26, 35, 37];
Table 2 and supplementary table S5). Gonzales-
Lopez et al. [35] described 108 consecutive
ATTRwt-CM patients diagnosed at two Spanish
hospitals over a period of up to 16 years.
Approximately one-third had previously been
misdiagnosed with other cardiac diseases (in-
cluding being given diagnoses that overlapped
with ATTR-CM but did not recognize ATTR-CM
as the underlying cause of heart failure). The
most common were hypertensive heart disease
(35.3% of those misdiagnosed), hypertrophic
cardiomyopathy (23.5%) and ischemic heart
disease (11.8%). These findings were similar
whether patients had been diagnosed with
ATTR-CM by noninvasive or invasive tech-
niques. Similarly, in a cohort of 116 consecutive
ATTR-CM (ATTRwt-CM or ATTRv-CM) patients
diagnosed in a Spanish hospital over 10 years,
reported by López-Sainz et al. [37], 45% had
previously received an alternative diagnosis.
HFpEF (10% of all patients) and hypertensive
disease (9.4%) were most common.

Three publications by Lousada et al. [24–26]
reported on previous misdiagnosis using data

from the Amyloidosis Research Consortium
online survey of patients and caregivers. Sample
sizes ranged from 144 to 214, and there
appeared to be some overlap between the pop-
ulations. Across the publications, 39% of
ATTRwt-CM and 44–57% of ATTRv-CM
respondents reported receiving an alternative
diagnosis. In ATTRwt-CM, the most common
was unspecified heart failure (32% of 214
respondents [26]); this information was not
available for ATTRv-CM patients. Incorrect or
incomplete diagnoses were given by cardiolo-
gists as well as by generalists and specialists in
other disciplines. In the largest sample [26], just
under a third of ATTRwt-CM who reported a
misdiagnosis said it came from a cardiologist, as
did a slightly smaller proportion of ATTRv-CM
patients.

Clinical Consequences of Delay
or Misdiagnosis

Data on the clinical consequences of diagnostic
delay or misdiagnosis were sparse, but the
information available indicates that long delays
are detrimental to patients, and many authors
alluded to this in their discussions (summarized
in Table 2). Ladefoged et al. [36] found that in
ATTRwt-CM, a delay of C 3 months was associ-
ated with significantly higher NYHA

Table 2 continued

More advanced symptoms at diagnosis (higher NYHA class) [36]

Adverse cardiac markers at diagnosis: higher NT-proBNP, prolonged ECG PR intervals, higher ECG intraventricular

conduction delays, higher prevalence of atrial fibrillation [18]

Treatment for non-ATTR conditions [24]

Multiple invasive and noninvasive tests for other conditions [36]

Evaluation by multiple healthcare providers before diagnosis [3, 23, 24, 26]

Poor HRQoL at diagnosis [3]

AF atrial fibrillation, AVB atrioventricular block, CTS carpal tunnel syndrome, ECG electrocardiogram, ATTRv-CM
hereditary transthyretin amyloid cardiomyopathy, HFpEF heart failure with preserved ejection fraction, HFrEF heart failure
with reduced ejection fraction, HRQoL health-related quality of life, IQR interquartile range, NT-proBNP N-terminal pro
B-type natriuretic peptide, NYHA New York Heart Association, RR relative risk, ATTRwt-CM wild-type transthyretin
amyloid cardiomyopathy
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classification at diagnosis, indicating more
advanced disease (Fig. 3). However, there was
no significant difference between early and late
diagnosis groups in the distribution of disease
stages based on estimated glomerular filtration
rate (eGFR) and NT-proBNP.

Bishop et al. [18] found that delay in diag-
nosis C 1 year was significantly associated with
a number of adverse cardiac markers at time of
diagnosis, after adjusting for amyloid type and
amount of deposition: these were higher NT-
proBNP (4451 vs. 2559 pg/mL, p = 0.016), pro-
longed PR interval (225 vs. 162 ms, p\0.001),
and a higher prevalence of intraventricular
conduction delay (65 vs. 13%, p = 0.001) and
atrial fibrillation (41 vs. 11%, p = 0.038) at the
time of diagnosis. There was no association
between delay and ejection fraction. Although
this analysis population contained 30 patients
with light-chain (AL) amyloidosis in addition to
52 with ATTRv-CM, the authors noted that
adjustments for amyloid type and amount

exclude potential differences in pathogenesis as
confounders to the consequences of delay. They
concluded that delayed diagnosis of either
amyloidosis type has a detrimental effect on
cardiac function.

Lane et al. [3] found that ATTR-CM patients
had poor HRQoL at diagnosis, as measured by
the Kansas City Cardiomyopathy Questionnaire
(KCCQ); the relationship between diagnostic
delay and HRQoL was not explicitly explored,
but it was noted that lengthy diagnostic delays
in the face of a progressive disease likely con-
tributed to poor HRQoL at the time of
diagnosis.

Use of inappropriate treatment or diagnostic
tests is another potential consequence of diag-
nostic delay or error, with implications for both
patients and resource use. Lousada et al. [24]
reported that approximately 75% of patients
who had received a different diagnosis prior to
ATTR-CM were treated for the misdiagnosed
condition. For both ATTR types combined, 43%

Fig. 3 NYHA class distribution at diagnosis by delay duration. Data source: Ladefoged et al. [36]
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of misdiagnosed patients had received treat-
ment with beta blockers and 26% with angio-
tensin-converting enzyme (ACE) inhibitors. The
authors noted that these treatments may be
inappropriate or poorly tolerated in ATTR-CM.
These data provide an indication of the poten-
tial extent of inappropriate treatment but are
subject to the limitations of the study format
(online patient/caregiver questionnaire depen-
dent on recall-based reporting).

Ladefoged et al. [36] noted that before their
ATTRwt-CM diagnosis was established, 60% of
patients were suspected of at least two other
cardiac or noncardiac diseases and underwent
various noninvasive and invasive diagnostic
tests. Although misdiagnosis rates and conse-
quent treatment were not specifically quanti-
fied, they noted that treatments were often
applied until the suspected non-ATTR diagnosis
was rejected. They further commented that
these tests are associated with patient discom-
fort and procedural risk, and an increased eco-
nomic burden.

Our review identified no data on mortality or
effects on life expectancy associated with diag-
nostic delay.

Consequences of Delay/Misdiagnosis
for Resource Use

Only four studies [3, 23, 24, 26] provided
information on healthcare resource associated
with diagnostic delay or misdiagnosis, all
reporting on healthcare provider visits prior to
ATTR-CM diagnosis (Table 3). Evaluation by
multiple healthcare professionals before a
definitive ATTR-CM diagnosis was common.
Lousada et al. reported information from two
samples from a patient and caregiver survey. In
the larger sample [26], 16% of ATTRwt-CM
patients reported seeing at least three different
physicians before diagnosis, and 11% saw five or
more. For ATTRv-CM, the proportions were
13% and 23%, respectively. Seventy-one per-
cent of ATTRwt-CM patients and 59% of ATTRv-
CM patients reported seeing two or more dif-
ferent cardiologists before diagnosis.

Kessler et al. [23] characterized resource use
for 68 American and Canadian ATTR-CM

patients enrolled in an online survey. Patients
commonly reported seeing three or more
healthcare professionals before diagnosis (69%),
and a third (32%) had seen six or more. Most
patients had visited primary care providers
(76.5%) and cardiologists (75%), making a
median of three visits to primary care providers
and two visits to cardiologists prior to diagnosis
with ATTR-CM.

Lane et al. [3] noted that during the 3 years
before diagnosis, ATTR-CM patients were hos-
pitalized a median of 17 times, including 3
inpatient hospital admissions, suggesting mis-
sed opportunities for diagnosis.

DISCUSSION

This review confirms that diagnostic delay and
misdiagnosis of ATTR-CM are common. Syn-
thesis of the data on diagnostic delay, weighted
by study sample size, showed a mean time to
diagnosis of 6.1 years (median 3.4) for ATTRwt-
CM and 5.7 (median 2.6) years for ATTRv-CM.
However, there was a paucity of data on rates of
misdiagnosis and on the consequences of delay
or misdiagnosis for patients and health systems.

The reasons for diagnostic delay are multi-
factorial and include symptom overlap with
other conditions, low disease awareness, the
historical need for invasive diagnosis, and until
recently the lack of a disease-modifying treat-
ment. Advances in cardiac imaging and
increased availability of genetic testing have
aided in diagnosing ATTR-CM: a recent simpli-
fied, noninvasive diagnostic algorithm and
consensus recommendations have the potential
to increase disease awareness and reduce the
diagnostic delay [4, 13]. However, there is evi-
dence that uptake of new methods for the
diagnosis of cardiac amyloidosis is slow outside
of specialist centers. Lousada et al. [25] noted
that technetium-99m diphosphonate (Tc-DPD)
or pyrophosphate (Tc-PYP) scintigraphy scans
are noninvasive, inexpensive and reliable but
are currently underused, and other authors have
reported continuing long delays despite both
increased awareness and improved diagnostic
modalities [34]. An analysis from the THAOS
survey published after the search date for this
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Table 3 Healthcare resource use whilst undiagnosed

Publication ATTR-CM
type

Time
frame
(years)

Healthcare
professional
visits

Primary care
provider visits

Cardiologist
visits

Other resource use

% patients

Lousada

2019

[26]a

ATTRwt-

CM

(N = 91)

– No. of different

physicians

seen

1: 16

2: 33

3: 16

4: 13

C 5: 11

– No. of different

cardiologists

seen

0: 0

1: 33

2: 38

3: 13

4: 2

C 5: 3

–

ATTRv-CM

(N = 123)

– 1: 25

2: 14

3: 13

4: 14

C 5: 23

– 0: 15

1: 37

2: 22

3: 7

4: 1

C 5: 2

–

Kessler

2019 [23]

Mixed

(i = 68)

– C 3 HCPs

seen: 69

C 6 HCPs

seen: 32

76.5 (median

of 3 visits)

75% (median of 2

visits)

–

Lane 2019

[3]

Mixed

(N not

reported)

3 – – – Hospital stays (n): 17
(median)

Inpatient

hospitalizations (n):
3 (median)

Lousada

2017

[24]a

Mixed

(N = 139)

– C 3 visits: 44

C 5 visits: 17

– – –

‘‘–’’ Not reported by studies
ATTR-CM transthyretin amyloid cardiomyopathy, ATTRv-CM hereditary transthyretin amyloid cardiomyopathy,
ATTRwt-CM wild-type transthyretin amyloid cardiomyopathy, HCP healthcare professional
a Publications belong to the same parent study: Amyloidosis Research Consortium, the Amyloidosis Foundation and
Amyloidosis Support Groups
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review found that despite the rising use of
scintigraphy in diagnosis, half of ATTRwt-CM
patients experienced diagnostic delay
of[ 4.7 years [40].

Diagnosing ATTR-CM can be difficult, as
cardiac symptoms are consistent with more
common types of heart failure (HFpEF or
hypertrophic cardiomyopathy [4]) and extra-
cardiac manifestations are heterogeneous and
nonspecific [7]. Autopsy studies suggest that
ATTRwt-CM may in fact be a common but
undiagnosed cause of HFpEF [9, 10]. The prin-
cipal differential diagnoses include heart failure
with preserved or reduced ejection fraction,
aortic stenosis and hypertrophic cardiomyopa-
thy [41]; Fabry disease and lone atrial fibrilla-
tion are also possibilities. It is also vital to
distinguish between ATTR-CM and AL amyloi-
dosis, as the two conditions have different
biologies and treatments [4, 42]. Hypertension
can mask hypertrophy, and hypertensive heart
disease was a common misdiagnosis (Table 2).

A set of ‘‘diagnostic clues’’ to ATTR-CM were
proposed in the expert consensus recommen-
dations by Maurer et al. [4]. In addition, Wit-
teles et al. recently proposed a set of ‘‘red flag’’
diagnostic markers designed to raise the index
of suspicion for ATTR-CM among patients with
heart failure; these include bilateral carpal tun-
nel syndrome, symptoms of polyneuropathy
and/or dysautonomia, repeated mild increases
in troponin levels, and a range of characteristic
findings in relation to longitudinal strain, left
ventricular thickness, atrioventricular block,
echocardiographic features and extracellular
volume expansion [7, 43]. Lumbar spinal
stenosis and biceps tendon rupture have also
been identified as clinical manifestations of
amyloid deposition in ATTRwt [7, 43]. However,
all of these conditions are common in older
people, and there are limitations in attributing
secondary symptoms to amyloidosis. The red
flags are therefore designed to be applied within
the context of increased left ventricular wall
thickness [7]. Once a diagnosis of ATTR amy-
loidosis is determined, genetic testing should be
performed to differentiate ATTRv-CM from
ATTRwt-CM [4].

Several authors highlighted the need for
improved understanding of early presenting

symptoms of ATTR-CM, particularly carpal
tunnel syndrome [18, 25, 36], which is a fre-
quent early sign of amyloidosis and can precede
clinical heart failure by several years
[7, 20, 28, 44]. Ladefoged et al. noted that the
proposed red flags remain underused, and were
less likely to have been used in patients with the
longest diagnostic delay [36]. Wider use of red
flags in the relevant clinical scenarios would in
turn lead to more timely use of ATTR-specific
investigations and reduce diagnostic delay.

The only study to examine diagnostic delay
by presenting symptom, Papoutsidakis et al.
[28] confirmed that carpal tunnel syndrome
appeared earlier than any other manifestation.
Although many of the studies identified did not
specify the nature of ‘‘first symptoms’’ of ATTR-
CM, variations in symptom definition may
account for some of the differences in reported
delays.

Delay appears to be slightly longer for wild-
type than hereditary ATTR-CM. This is not
unexpected, as earlier diagnosis of ATTRv-CM
might be anticipated due to the familial com-
ponent [26]. However, Lousada et al. found that
a high percentage of ATTRv-CM patients went
undiagnosed after symptom onset, and called
for better awareness of ATTRv-CM among both
healthcare providers and affected patient com-
munities to ensure that early symptoms are
recognized. Disparities in access to healthcare
may also contribute to delayed diagnosis of
ATTRv-CM [45]. In the USA, ATTRv-CM is
found predominantly in African Americans
[46], caused by the V122I variant which is pre-
sent in 3.43% of the African American popula-
tion [47]. African Americans are more likely to
have difficulties in access to healthcare than the
general US population [48], and there is a risk
that communities who are underserved by
healthcare provision will not benefit from
efforts designed to promote early diagnosis of
ATTR-CM [45]. V122I ATTRv-CM is also an
under-recognized cause of heart failure in peo-
ple of Afro-Caribbean descent in the UK [49]. In
both countries, individuals of African descent
have a higher prevalence of hypertensive heart
disease, leading to a readiness to ascribe car-
diomyopathy to hypertension or, when hyper-
tensive heart disease is present as a concomitant
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condition, reduced likelihood of further inves-
tigation [46, 49].

Relatively few studies reported quantitatively
on misdiagnosis. Where this information was
provided, 34–57% of patients reported or were
documented as receiving a prior cardiac diag-
nosis other than ATTR-CM, most commonly
hypertensive or hypertrophic cardiomyopathy,
HFpEF, or an unspecified heart failure diagnosis.
Although the patient may indeed have these
conditions, the diagnosis is incomplete, as the
underlying cause (ATTR-CM) has not been rec-
ognized. Of note, the samples in the included
studies are by definition patients who eventu-
ally received an ATTR-CM diagnosis. It is likely
that many more are never diagnosed with
ATTR-CM and remain under treatment for
nonspecific heart failure or other cardiac
conditions.

Data on the consequences of diagnostic
delay or misdiagnosis are sparse. However,
ATTR-CM is a progressive disease characterized
by an inexorable decline in cardiac function [3].
Ladefoged et al. [36] found that longer delay
was associated with higher NYHA class at diag-
nosis, and Bishop et al. [18] found a statistically
significant association between diagnostic
delay C 1 year and several adverse cardiac
markers. Lane et al. [3] stated that long diag-
nostic delay was likely to have contributed to
the low HRQoL observed in their study cohort
at diagnosis.

Patients may also receive potentially inap-
propriate tests or treatment whilst undiagnosed
or misdiagnosed: Lousada et al. [24] found fre-
quent use of ACE inhibitors or beta blockers,
which may be poorly tolerated in patients with
ATTR-CM [1]. However, use of these agents may
be appropriate in some ATTR-CM patients,
depending on the individual’s morbidities and
tolerance. Similarly, Ladefoged et al. [36] found
that patients underwent a range of tests and
treatments for incorrect or incomplete diag-
noses. Inappropriate treatment or testing has
potential consequences for the patient, includ-
ing inconvenience and the risk of adverse
effects, and also for healthcare systems in the
form of unnecessary resource use. Studies that
reported on healthcare visits during patients’
diagnostic journey found that they often

undergo evaluation by multiple healthcare
providers before a diagnosis of ATTR-CM is
confirmed [3, 23, 24]. A cohort of 534 ATTRwt-
CM patients in the UK had a median of three
inpatient hospitalizations in the 3 years before
their ATTR-CM diagnosis, suggesting heavy use
of healthcare resources [3]. The long diagnostic
journey is likely to be distressing for patients
and their families, although no data on the
consequences of delayed diagnosis for emo-
tional well-being were found.

Until recently there were no disease-modi-
fying pharmacotherapies for ATTR-CM, and
patients were managed by symptomatic treat-
ment of heart failure [50]. However, the first
disease-modifying treatment, tafamidis, has
recently been approved. In the ATTR-ACT
study, tafamidis was shown to prolong survival,
reduce cardiovascular hospitalization and slow
the decline in cardiac function and HRQoL [50].
The availability of a disease-modifying treat-
ment means that diagnostic delay now repre-
sents a missed opportunity for intervention to
slow the disease process.

In this study we present a comprehensive
synthesis of the literature on diagnostic delay in
ATTR-CM. However, the study has several lim-
itations, primarily associated with the limita-
tions inherent in the included publications. As
some authors noted [18], it is not certain that
symptoms deemed to be the first evidence of
amyloidosis were truly an indicator of amyloi-
dosis, as many of the symptoms noted are
nonspecific. Secondly, although some studies
used documented symptom onset dates, others
depended on patient recall. Thirdly, some
studies dated diagnostic delay from date of first
clinical suspicion or first cardiologic examina-
tion, rather than symptom onset. This means
that the true delay (i.e. from symptom onset)
may be underestimated. Characteristics of the
health systems in different countries may
influence delay, so results from one region may
not be generalizable to others. Finally, some of
the publications were conference abstracts and
provided limited information, and restricting
the search to English-language publications
may have resulted in relevant studies being
missed.
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CONCLUSION

Patients with ATTR-CM commonly experience
diagnostic delay and misdiagnosis. Efforts are
required to provide timely diagnosis so that
patients can benefit from earlier access to dis-
ease-modifying therapies, and to avoid unnec-
essary resource use. The recognition of early red
flags, the introduction of noninvasive diagnos-
tic techniques and the availability of disease-
modifying therapies are expected to increase
disease awareness and facilitate early diagnosis.
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