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Prospective Screening

for Transthyretin Cardiac
Amyloidosis in Spinal
Stenosis Surgery Patients
Results of the CASS Study
Symptomatic lumbar spinal stenosis (SS) related to
ligamentum flavum (LF) hypertrophy has been asso-
ciated with transthyretin amyloid (ATTR) deposition.1

Moreover, SS precedes a diagnosis of transthyretin
amyloid cardiomyopathy (ATTR-CM) in up to 40% on
average 5 to 15 years prior.2 Yet, prospective data on
systematic screening for concomitant ATTR-CM in
patients undergoing SS surgery are scarce. Studies
have reported an ATTR-CM prevalence of 0% to 10%
of patients with ATTR amyloid positive LF biopsy
during SS surgery, but they were mostly retrospective
nonsystematic analyses in highly select patient
groups.1,3,4 Optimal ATTR-CM screening strategies in
patients presenting with diagnostic red flags repre-
sent an unmet clinical need because early treatment
initiation offers the best opportunity to improve
morbidity and mortality in ATTR-CM, both in age-
related degenerative (wild-type) and hereditary
(variant-type) forms.5

The CASS (Cardiac Amyloidosis in Spinal Stenosis;
NCT04653675) mandated technetium-99m hydroxy-
methylene diphosphonate bone scintigraphy and
monoclonal protein assessment to rule out ATTR-CM
in patients undergoing symptomatic SS surgery,
including those with ATTR amyloid detected on LF
biopsy, defined by both Congo red and prealbumin
positive staining. All patients provided written
informed consent. The study was approved by the
institutional ethics committee (EC 2674) and con-
ducted in accordance with the Declaration of Hel-
sinki. The current report focuses on patients with
ATTR amyloid on LF biopsy.

A total of 82 unselected, consecutive participants
(48% male, mean age 68 � 9 years, age range 46-84
years) were prospectively enrolled. LF biopsy
revealed a high prevalence of ATTR amyloid deposits
in 59% (n ¼ 48/82) of the study population (Figure 1A).
The age range of patients with ATTR amyloid positive
biopsy was 56 to 85 years, with 21% of patients
(n ¼ 10) <65 years of age. All patients >80 years of
age had ATTR amyloid deposits on LF. LF ATTR
amyloid-positive vs -negative patients were older
(age 72 � 7 years vs 62 � 9 years; P < 0.01) but had
similar sex distribution (46% vs 50% males; P ¼ 0.71),
respectively. Atrial fibrillation (19% vs 3%), bilateral
carpal tunnel history (27% vs 9%), worse renal
function (estimated glomerular filtration rate 72 �
19 mL/1.73 m2 vs 81 � 18 mL/1.73 m2), and higher left
ventricular wall thickness (11 � 2 mm vs 10 � 2 mm)
were more prevalent in LF ATTR amyloid-positive vs
-negative patients, respectively (all P < 0.05). How-
ever, multivariable regression analysis showed age to
be the only independent predictor of LF ATTR amy-
loid positivity (OR: 1.15; 95% CI: 1.07-1.22; P < 0.01).

The burden of ATTR amyloid deposition in LF bi-
opsy was assessed by semiquantitative visual grading
on ATTR amyloid-positive fragments, adapted with
permission from Eldhagen et al,1 as grade 0 (no
ATTR), 1 (few small scattered deposits), 2 (scattered
nonconfluent or single large deposits, 1%-5% of frag-
ments), 3 (widely spread moderately large deposits or
large confluent deposits, 5%-10% of fragments), or 4
(widely spread large confluent deposits, >10% of
fragments).1 ATTR amyloid burden on LF biopsy
increased gradually with age (P < 0.01) (Figure 1A).
High ATTR amyloid burden (Westermark grade 4) was
detected only in subjects >60 years of age and pre-
sent in 21% (n ¼ 10/48) of ATTR amyloid-positive
subjects but was found in similar proportions across
different age categories. No clinical, demographic,
laboratory, or echocardiographic markers differed
between Westermark grade 4 vs lower grade 1 to 3
burden patients (all P > 0.05).

De novo wild-type ATTR-CM was identified in 6.3%
of subjects with ATTR amyloid deposition on LF biopsy
(n ¼ 3/48), all National Amyloidosis Centre Stage I.
One 81-year-old woman and one 73-year-old man
showed both Perugini grade 1 myocardial uptake with
confirmatory endomyocardial biopsy and N-terminal
pro–B-type natriuretic peptide levels of 2,120 pg/mL
and 108 pg/mL, respectively, but an elevated high-
sensitivity troponin I of 58 ng/L was present in the
female subject only. One 74-year-old man showed
Perugini grade 2 myocardial tracer uptake with an
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FIGURE 1 Presence, Burden, and Relevance of ATTR Amyloid Deposition in Ligamentum Flavum Biopsy

(A) Transthyretin amyloid presence and burden according to age category. Age was an independent predictor of ATTR amyloid presence;

however, high burden (Westermark grade 4) was similarly distributed among age categories, starting from age onset of >60 years old. (B)

Relevance of high ATTR amyloid burden. Concomitant ATTR cardiomyopathy was found only in patients with Westermark grade 4 deposition,

present in 21% of subjects with ATTR amyloid-positive ligamentum flavum biopsy.
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N-terminal pro–B-type natriuretic peptide level of
89 pg/mL and slightly increased high-sensitivity
troponin I of 25 ng/L. Importantly, all 3 de novo
ATTR-CM patients had high ATTR amyloid burden on
LF biopsy, translating into a prevalence and positive
predictive value of 30% (n ¼ 3/10) for ATTR-CM in
Westermark grade 4 patients (Figure 1B).

Based on these current findings, systematic
screening for the presence of ATTR amyloid on LF in
patients >60 years of age undergoing SS surgery
could be considered, and further evaluation of ATTR-
CM should be performed when ATTR amyloid depo-
sition is high. Prospective multicenter validation of
such an ATTR-CM screening strategy is warranted. In
addition, further study is needed to identify which
patients may progress to cardiac involvement and
should be screened serially.
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