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Abstract

Background: Recent advances in the management of transthyretin amyloid
cardiomyopathy (ATTR-CM) have highlighted the need for early identification. Studies
have demonstrated amyloid deposits in orthopedic surgical specimens, prompting a
diagnosis of concurrent ATTR-CM. We sought to determine the prevalence of spinal
amyloid deposits among patients undergoing spinal stenosis decompression surgery
and whether the presence of deposits was associated with ATTR-CM.

Methods: Patients >60years of age undergoing spinal stenosis decompression surgery
were enrolled as part of a prospective, single-center, cohort study. Samples from the
disc and ligamentum flavum were obtained during surgery. Patients with amyloid
deposition on Congo red staining returned for standard-of-care clinical assessment
consisting of blood testing, a transthoracic echocardiogram, nuclear pyrophosphate
imaging when indicated, and an evaluation with a cardiologist.

Results: Out of 54 enrolled patients, 24 patients (44%; 95% Cl, 31%-59%) were
found to have spinal amyloid deposits. Amyloid-positive patients were older than
amyloid-negative patients (70years vs. 63years, p<0.01). On follow-up testing, no
amyloid-positive patients were found to have definitive ATTR-CM. However, 37%
of amyloid-positive patients had abnormal cardiac biomarkers, and 36% of amyloid-
positive patients had reduced global longitudinal strain on echocardiography,
suggesting possible early disease.

Conclusions: Spinal amyloid deposits, in both the disc and ligamentum flavum, were
found in 44% of older patients undergoing spinal stenosis decompression surgery.
While none of these patients tested positive for ATTR-CM on early follow-up, subtle
abnormalities in cardiac testing suggest that further follow-up testing is warranted to

detect the advent of cardiac amyloidosis in the future.

KEYWORDS
amyloid, cardiac amyloidosis, spinal stenosis

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2025 The Author(s). Journal of General and Family Medicine published by John Wiley & Sons Australia, Ltd on behalf of Japan Primary Care Association.

222 wileyonlinelibrary.com/journal/jgf2

J Gen Fam Med. 2025;26:222-230.


www.wileyonlinelibrary.com/journal/jgf2
https://orcid.org/0009-0000-5747-6948
mailto:
mailto:frederick.ruberg@bmc.org
http://creativecommons.org/licenses/by-nc-nd/4.0/

MADHANI ET AL.

223

1 | BACKGROUND

Transthyretin amyloid cardiomyopathy (ATTR-CM) is an underdiag-
nosed cause of heart failure (HF) that may be present in approxi-
mately 10% of patients aged 260years with HF.12 ATTR-CM results
from the misfolding and deposition of the transthyretin (TTR) protein
in the myocardium and exists in both wild-type (normal TTR genotype)
and hereditary (pathological TTR variant) forms.? The recent advent
of ATTR amyloidosis therapies, which function by increasing TTR
stability or suppressing TTR gene transcription, along with advances
in noninvasive diagnosis of ATTR-CM have highlighted the need to
diagnose ATTR-CM early when therapy is most efficacious.>™®

ATTR amyloid deposition has been found in various joint and
ligament pathologies, including carpal tunnel syndrome, lumbar
spinal stenosis, and rotator cuff tears.”? In addition, patients with
ATTR-CM may have a higher rate of orthopedic procedures, such
as total hip and total knee arthroplasty, prior to diagnosis of cardio-
myopathy.!® Evidence also suggests that orthopedic manifestations,
particularly carpal tunnel syndrome, frequently precede cardiac
amyloidosis by 5-10years.**'2 Such findings raise the question of
whether tissue samples from orthopedic surgeries can be used to
identify subclinical ATTR-CM. Specifically, in a small (98 patient)
prospective study of biopsies of the tenosynovial tissue performed
during carpal tunnel release surgery, 10 patients with amyloid-
positive biopsies were identified, and one of these patients was
found to have undiagnosed ATTR-CM 13

Lumbar spinal stenosis, frequently resulting from thickening of
the ligamentum flavum, has been identified as a potential avenue for
early identification of ATTR-CM. Studies have demonstrated ATTR
amyloid deposits in the ligamentum flavum of up to 59% of individu-
als with spinal stenosis, and the presence of amyloid fibrils has been
found to correlate with the thickness of the ligamentum flavum.4*°
Furthermore, the specific C-terminal TTR fragment involved in the
pathogenesis of ATTR-CM is frequently found in the ligamentum fla-
vum of spinal stenosis patients.!*¢%” A limited number of studies
exist that inform the prevalence of ATTR-CM in individuals with TTR
amyloid deposits in the ligamentum flavum, with estimates ranging
from 0% to 10%.1>'8-20 |t is important to note that most of these
studies have focused on stenosis of the lumbar spine, and none
have explored nonligamentous spinal tissue (e.g., disc components)
for amyloid deposits. Given that over 65,000 patients are surgically
treated for lumbar spinal stenosis annually, examination of surgical
specimens may provide an opportunity for widespread screening and
detection of subclinical ATTR-CM.?! In addition to serving as an early
marker of systemic ATTR disease, it is plausible that amyloid deposits
in different spinal structures may interfere with surgical efficacy. The
primary aim of this study was to determine the prevalence of amyloid
deposits in ligamentum flavum and disc tissue samples from patients
undergoing decompression surgery for spinal stenosis. Among indi-
viduals with spinal amyloid deposition, we assessed the presence of

concurrent ATTR-CM by standard-of-care clinical testing.

2 | METHODS

2.1 | Study overview

Patients undergoing spinal stenosis decompression surgery at
Boston Medical Center were enrolled as part of a prospective,
single-center, cohort study. Inclusion criteria consisted of patients
>60years of age undergoing decompression surgery for spinal
stenosis, irrespective of spinal level. Patients were excluded if
they had any type of systemic amyloidosis at baseline. Patients
undergoing surgery between October 1, 2020, and December
31, 2021, were screened for study inclusion. Two spine-trained
orthopedic surgeons at Boston Medical Center (CT and TT)
conducted preoperative evaluation for surgical indication
and performed the surgeries. The study was approved by the
Institutional Review Board of Boston Medical Center, and all
patients provided written informed consent.

2.2 | Study procedures

Samples were obtained from the ligamentum flavum or disc (annu-
lus fibrosus and/or nucleus pulposus) during cervical or lumbar spi-
nal stenosis decompression surgery. Tissue specimens were placed
in 10% neutral buffered formalin and transferred to the Boston
Medical Center pathology laboratory, where processing and Congo
red staining were performed. Amyloid deposition was determined
by characteristic apple-green birefringence when viewed under po-
larized light and was graded on a scale of 0-2. Study samples were
analyzed by a single pathologist.

2.3 | Cardiac evaluation

Patients with evidence of amyloid deposition in spinal specimens
were contacted for standard-of-care follow-up and clinical testing
consisting of laboratory testing, a transthoracic echocardiogram
(echo), and an evaluation with a cardiologist. Laboratory tests in-
cluded renal function, N-terminal pro-B-type natriuretic peptide
(NT-proBNP), B-type natriuretic peptide (BNP), troponin I, and pre-
albumin. To exclude light-chain (AL) amyloidosis, serum and urine im-
munofixation electrophoresis (IFE) and serum free light chain (FLC)
concentration were measured following consensus recommenda-
tions.?? If the initial evaluation demonstrated echocardiographic (in-
creased wall thickness, unexplained diastolic dysfunction) or cardiac
biomarker testing abnormalities, a technetium-99 m-pyrophosphate
(Tc99m-PYP) scan was performed to further assess cardiac amyloid
deposition, with a diagnostic scan interpreted according to con-
sensus recommendations.?® Patients with abnormal results, such
as abnormal plasma cell testing, were referred to the appropriate

follow-up standard-of-care testing.
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2.4 | Data analysis

Data regarding patients' preexisting health conditions, baseline lab-
oratories, and baseline echo were obtained from reviewing the elec-
tronic health records. Data were analyzed for differences between
the amyloid-positive and amyloid-negative groups. Differences in
categorical variables, including patients' age, sex, race, ethnicity, and
pre-existing health conditions, were analyzed with a chi-squared
test or, where applicable, Fisher's exact test. Continuous variables,
including baseline laboratories, baseline echo data, and follow-up
laboratory data and echo parameters for amyloid-positive patients,
were assessed for normality with the Shapiro-Wilk test, Anderson-
Darling test, and histograms. Normal data with equal variance were
compared with the t-test and are reported as mean (standard de-
viation). When the assumption of normality was not met, data
were analyzed with the Wilcoxon rank-sum test and are reported
as median (Q;, Q,). All tests were two-sided and considered signifi-
cant at p<0.05. Data analysis was performed with JMP Pro Version
17.2.0.

3 | RESULTS

3.1 | Overview

Between October 1, 2020, and December 31, 2021, 128 patients
>60years of age underwent spinal stenosis decompression sur-
gery and were screened for inclusion. Fifty-four patients were
enrolled in the study, with the remainder of eligible patients de-
clining consent (Figure 1). Of note, study enrollment occurred
during the COVID-19 pandemic, which resulted in a decrease in
elective surgeries. The prevalence of patients with amyloid de-
posits in ligamentum flavum or disc specimens was 44% (95%
Cl, 31%-59%; n=24 amyloid-positive cases). A total of 96 surgi-
cal specimens were obtained from the 54 patients, of which 89%
(n=285) were from the disc and 11% (n=11) were from the liga-
mentum flavum (Figure 2). Testing demonstrated that 38% (n=32)
of the disc samples were positive, and 18% (n=2) of the ligamen-
tum flavum samples were positive for amyloid deposits (p=0.32).
Of the 96 samples, 35% (n=34) were from the cervical spine, and
65% (n=62) were from the lumbar spine. Testing demonstrated
that 47% (n=16) of the cervical samples were positive, and 29%
(n=18) of the lumbar samples were positive for amyloid deposits
(p=0.12). Finally, in a semiquantitative assessment of the degree
of amyloid deposition, of the 34 positive samples, 85% (n=29) had
1+ Congo red staining, and 9% (n=3) had 2+ Congo red staining.
There were two Congo red positive samples that were missing a
staining grade. Although amyloid type identification was not rou-
tinely performed as a part of study procedures, two patients had
amyloid typing by liquid chromatography tandem mass spectrom-
etry as a part of clinical follow-up. Both of these studies showed

indeterminate amyloid type.

n=128 patients > 60 years old had cervical or
lumbar spinal stenosis decompression surgery
during study time frame

n=74 patients declined consent

n=54 patients consented to participation in the study

n=>54 patients included in final analysis

FIGURE 1 Patient flowchart.

3.2 | Differences in baseline characteristics,
laboratories, and Echo parameters

Amyloid-positive patients were older with a median age of
70vyears (IQR, 63-74years) when compared to amyloid-negative
patients with a median age of 63years (IQR, 61-67years;
p<0.01). No other significant differences were noted in gender,
self-identified race, ethnicity, or baseline comorbidities between
the amyloid-positive and amyloid-negative groups, as illustrated
in Table 1. Notably, the rate of baseline peripheral neuropathy
was not significantly different between the amyloid-positive and
amyloid-negative groups. Of the 24 amyloid-positive patients, five
patients (21%; 95% Cl, 7%-42%) had a prior diagnosis of carpal
tunnel syndrome, seven patients (29%; 95% Cl, 13%-51%) had
trigger finger, and two patients (8%; 95% Cl 1%-27%) had biceps
tendon rupture. No differences in baseline laboratory testing or
echo parameters were present between the amyloid-positive and
amyloid-negative groups, as illustrated in Table 1. Renal function
was similar between the two groups, with a median creatinine
of 0.87mg/dL (IQR, 0.76-1.04) in the amyloid-positive group
and 0.86mg/dL (IQR, 0.76-0.96) in the amyloid-negative group
(p=0.67). Baseline preoperative echo data were limited to eight
amyloid-positive patients and nine amyloid-negative patients. No
significant differences in left ventricular (LV) wall thickness or left
ventricular ejection fraction (LVEF) were seen between amyloid-
positive and amyloid-negative patients at baseline.

3.3 |
patients

Overview of follow-up for amyloid-positive

Out of the 24 amyloid-positive patients, n=21 had follow-up
laboratories, Tc99m-PYP scan, and/or echo. Fourteen patients
had both follow-up laboratories and echo (of whom three un-
derwent Tc-99m-PYP imaging), five patients had only follow-
up laboratories, and two patients had only follow-up echo. The
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FIGURE 2 Overview of samples. Overview Of Samples
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TABLE 1 Demographics, comorbidities, . . . .
and baseline labs and echocardiographic . Amyloid-negative Amyloid-positive
parameters by amyloid status. Variable n=30 n=24 p-value
Age (years) 63 (61, 67) 70 (63, 74) 0.008
Male Sex 11 (36.7%) 13 (54.2%) 0.27
Self-identified Race
White 19 (63.3%) 14 (58.3%)
Black or African American 7 (23.3%) 5(20.8%)
Asian 1(3.3%) 0 0.63
American Indian/Alaskan 0 1(4.2%)
Native
Other/Not Reported 3(10%) 4 (16.7%)
Hispanic/Latino 2(6.7%) 3(12.5%) 0.65
Comorbidities
Type 2 Diabetes 6 (20%) 9 (37.5%) 0.22
Hyperlipidemia 19 (63.3%) 14 (58.3%) 0.78
Hypertension 19 (63.3%) 19 (79.2%) 0.24
Obesity 6 (20%) 11 (45.8%) 0.08
Bicep Tendon Rupture 1(3.3%) 2 (8.3%) 0.58
Carpal Tunnel Syndrome 10 (33.3%) 5(20.8%) 0.37
Trigger Finger 4(13.3%) 7 (29.2%) 0.19
Peripheral Neuropathy 5(16.7%) 6 (25%) 0.51
Chronic Kidney Disease 6 (20%) 3(12.5%) 0.72
Anemia 11 (36.7%) 6 (25%) 0.39
Creatinine (mg/dl) 0.86(0.76, 0.96) 0.87 (0.76, 1.04) 0.67
Echocardiogram n=9 n=8
1IVSd (mm) 9.6(2.3) 9.8(1.2) 0.83
PWd (mm) 9.3(2.2) 9.5(1.4) 0.86
EF (%) 61.3(3.5) 62.5(10.5) 0.77

median duration between surgery and follow-up laboratories was
286 days, and the median duration between surgery and follow-
up echo was 359days. For the three patients with follow-up

Abbreviations: EF, ejection fraction; IVSd, interventricular septal thickness at end diastole; PWd,
posterior wall thickness at end diastole.

Tc-99 m-PYP scans, the durations between surgery and the scan
were 204 days, 512days, and 738days. No patients were found
to have cardiac amyloidosis on evaluation. All patients had normal
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TABLE 2 Follow-up laboratory data for amyloid-positive group.

NTproBNP Prealbumin Follow up
Patient (pg/ml) BNP (pg/ml)  Troponin| (mg/dl) Serum IFE Urine IFE FLC ratio Echo
1 94 36 Normal 22 - - 1.67 No
2 146 68 Normal 28 = N/A 1.06 Yes
3 <50 12 Normal 25 + - 1.7 Yes
4 N/A N/A N/A N/A N/A N/A N/A Yes
5 77 42 Normal 25 - - 2.24 Yes
6 150 61 Normal 25 = = 1.34 Yes
7 <50 <10 normal 24 - N/A 2 No
8 200 59 Normal 44 = N/A 1.24 Yes
9 97 31 Normal 31 - N/A 1.83 Yes
10 N/A N/A N/A N/A N/A N/A N/A Yes
11 155 50 Normal 29 - - 1.02 No
12 N/A 17 Normal 28 = N/A 1.54 Yes
13 N/A 17 Normal 23 - N/A 1.54 No
14 804 106 Normal 14 = N/A 0.87 Yes
15 <50 13 Normal 29 - N/A 11 No
16 <50 15 N/A 28 - + 1.4 Yes
17 724 187 Normal 29 - N/A 1.29 Yes
18 53 13 Normal 27 = N/A 1.14 Yes
19 306 88 Normal 19 - N/A 1.51 Yes
20 N/A 128 Normal 32 N/A 1.52 Yes
21 91 36 Normal 29 N/A 0.88 Yes

Note: Bolded text indicates abnormally elevated lab values. Three patients were lost to follow-up.

Abbreviations: BNP, B-type natriuretic peptide; FLC, ratio, kappa/lambda free light chain ratio; IFE, immunofixation electrophoresis; N/A, not

acquired; NTproBNP, N-terminal pro-brain natriuretic peptide.

troponin values, and only one patient had an abnormal prealbu-
min. All Tc-99 m-PYP scans were Grade 0 or 1, and the highest
heart to contralateral chest uptake (H/CL) ratio was 1.4, thereby
not reaching the threshold for ATTR-CM diagnosis of Grade 2 or
3 uptake.

3.4 | Amyloid-positive group: free light chain and
immunofixation electrophoresis abnormalities

No patients were found to have AL amyloidosis by FLC or serum
or urine IFE analysis. Most patients (58% of patients) had normal
FLC and IFE testing excluding a monoclonal process. Of the four
patients (Patients 1, 5, 7, 9; Table 2) with an isolated elevation in
kappa/lambda FLC ratio (normal: <1.65), two patients had chronic
kidney disease, leading to impaired clearance and elevated FLC ratio,
and one patient had kappa light chain monoclonal gammopathy of
undetermined significance (MGUS). One patient with abnormal FLC
ratio was lost to follow-up. Three patients (Patients 16, 20, and 21)
had positive serum and/or urine IFE's without elevated FLC ratio,
and one of these patients was found to have a low-risk MGUS,

as evaluated by hematologic consultation. Two patients with IFE

testing abnormalities were lost to follow-up. One patient (Patient
3) had both a mildly elevated FLC ratio and a positive serum IFE and
was diagnosed with IgM MGUS. Thus, a majority of abnormalities in
FLC and IFE were secondary to previously undiagnosed MGUS as
opposed to AL amyloidosis.

3.5 | Amyloid-positive group: cardiac biomarker
abnormalities

Follow-up cardiac laboratory testing for amyloid-positive patients
included NT-proBNP, BNP, troponin |, and prealbumin (Table 2). The
median NT-proBNP (normal: <125pg/mL for <75years, <450pg/
mL for >75years) was 95.5pg/mL (IQR, 50.75-188.75) with 38% of
patients with results above the upper limit of normal. The median
BNP (normal: <100 pg/mL) was 36 pg/mL (IQR, 15-68) with 16% pa-
tients with results above the upper limit of normal. No patients had
an abnormal troponin |. The median prealbumin (normal: >16 mg/dL)
was 28 mg/dL (IQR, 24-29). Only one patient (Patient 14) had a low
prealbumin of 14 with concurrent elevation in NT-proBNP, BNP, and
LV wall thickness on echo; however, this patient unfortunately did

not follow-up for further evaluation.
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Patient (mm) (mm) LVEF (%) GLS (%) E/e' PYP grade

2 8 11 64 N/A 9.8 No N/A

3 10 11 62 -18 N/A No N/A

4 10 6 64 N/A 7.8 No N/A

5 10 9 70 -19.8 10.3 No N/A

6 9 9 64 -21.2 14.2 No N/A

8 8 9 40 -8.5 N/A No N/A

9 7 6 58 -16 10.5 No N/A

10 8 9 68 -17 9.5 No N/A

12 9 9 58 -17 11.3 Yes 1

14 15 14 60 N/A 13.4 No N/A

16 N/A N/A 63 -16 N/A No N/A

17 10 10 53 -15 12.9 Yes 0

18 11 10 51 N/A 6.6 No N/A

19 9 9 56 N/A N/A No N/A

20 12 12 55 -21 20.6 Yes 0

21 11 10 65 -21 5.1 No N/A

Abbreviations: GLS, global longitudinal strain; IVSd, interventricular septal thickness at end
diastole; LVEF, left ventricular ejection fraction; PWd, posterior wall thickness at end diastole; PYP,
Technetium-929 m-pyrophosphate imaging.

3.6 | Amyloid-positive patients: cardiac imaging
abnormalities

Echocardiographic parameters assessed on follow-up included
interventricular septal thickness (IVSd), posterior wall thickness
(PWd), LVEF, global longitudinal strain (GLS), and average E/e'
(Table 3). Mean IVSd and PWd (normal: <10mm for males, <9 mm
for females) were 9.7mm (SD, 2.0mm) and 9.6 mm (SD, 2.0mm),
respectively. The percentage of patients with abnormal 1VSd and
PWd was 40%. Mean LVEF (normal: >52% for males, >54% for
females) was 59.5% (SD, 7.4%) with 13% of patients having an LVEF
below the normal limit. Average global longitudinal strain (normal:
>17%) was 17.3% (SD, 3.7%), and 36% of patients had a lower value
than the reference range. Finally, average E/e' (normal: <15) was 11
(SD, 4.1) with 8% of patients having an abnormal E/e'. A majority
of patients with abnormal cardiac biomarkers and echo parameters
had known cardiovascular comorbidities, particularly hypertension.
Three patients had Tc99m-PYP scans, with H/CL ratios ranging
between 0.94 and 1.4 and Perugini scores between 0 and 1. Thus,

no scans were interpreted as suggestive of ATTR-CM.

4 | DISCUSSION

In this study, we report the prevalence of amyloid deposits in the
ligamentum flavum and disc tissue of individuals undergoing decom-
pression surgery for cervical or lumbar spinal stenosis. In addition, we
tested those with spinal amyloid deposits for ATTR-CM. Our study
cohort is distinct from prior publications for two important reasons.

First, the majority of our tissue samples (89%) were disc material, in
which we demonstrated amyloid deposits, thereby representing a
new finding. Second, a third of our tissue samples (35%) were from
the cervical spine, while prior studies have focused nearly exclu-
sively on the lumbar spine. The primary findings of this study are
that (1) 44% of patients >60years of age undergoing decompression
surgery for cervical or lumbar spinal stenosis had amyloid deposits in
either the ligamentum flavum or disc tissue; (2) patients with amyloid
deposits in spinal tissue were significantly older than those without
amyloid deposits. Finally, we found that 37% of amyloid-positive pa-
tients with follow-up laboratories had abnormal cardiac biomarkers,
and 36% of patients had low echo GLS, suggesting the possibility of
early ATTR-CM disease (Figure 3).

Prior studies have reported a broad range (19%-100%) for the
prevalence of amyloid deposits in the ligamentum flavum of patients
with spinal stenosis. A percentage of these deposits represented
ATTR deposition, while in a large proportion the misfolded protein
could not be determined.***>18-2% Our finding of a prevalence of
44% amyloid deposits is, to our knowledge, the first to capture both
the ligamentum flavum and disc tissue (annulus fibrosus and nucleus
pulposus). Our study is the first to our knowledge to systematically
examine disc tissue specimens for amyloid deposits. The presence
of amyloid deposits in the disc tissue suggests that deposition is not
restricted to the ligamentum. Spinal stenosis owing to amyloid de-
posits has been construed as a ligamentous pathophysiology, but our
observations suggest that a disc component may also contribute to
the disease process. Those with amyloid deposits were found to be
significantly older than those without amyloid deposits, consistent
with the known pathophysiology of wild-type ATTR, which is the
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FIGURE 3 Primary findings of study.

likely etiology of the misfolded protein given that it is a disease of
aging.2

Although no individuals who followed up were found to have
cardiac manifestations of amyloidosis, this does not preclude the
possibility of future development of ATTR-CM. Fosbgl et al. demon-
strated that individuals who underwent surgery for carpal tunnel
syndrome had a higher incidence of future amyloidosis and heart
failure when compared to controls from an age- and sex-matched
cohort. The median durations from carpal tunnel surgery to amyloid
diagnosis and heart failure diagnosis were 3.1years and 3.7 years,
respectively.?* Debonnaire et al. reported that among patients di-
agnosed with ATTR-CM, 40% of patients had a prior diagnosis of
spinal stenosis at an average of 7.4years prior to the diagnosis of
ATTR-CM.? Thus, detection of amyloid deposits in soft tissue struc-
tures may precede diagnosis of ATTR-CM by a number of years.

Furthermore, the cohort in our study may not have captured
those with the highest risk of concurrent ATTR-CM. The CASS
study, which assessed the prevalence of ATTR deposits in the lig-
amentum flavum in 82 patients undergoing spinal stenosis surgery
and the prevalence of ATTR-CM, found that three out of the 48 pa-
tients with ATTR spinal deposits had concurrent ATTR-CM. Amyloid
deposits were graded on a scale of 1 to 4, and all three patients with
cardiac amyloidosis had grade 4 deposition.'® In our study, amyloid
deposits were graded on a 2-point scale, and a majority of patients
had grade 1 deposits, suggestive of earlier-stage disease. Thus, am-
yloid deposition may not have progressed to a significant enough
degree for cardiac presentation. This is further supported by the
median age of the amyloid-positive cohort in our study of 70years,
which is earlier than the typical age of diagnosis of ATTR-CM attrib-
utable to wild-type ATTR at approximately 75 years.%¢

Given the high prevalence of spinal stenosis in older individuals,
itis important for primary care physicians, who often follow patients
for this pathology, to consider systemic amyloidosis as an underly-
ing cause, regardless of whether spinal stenosis is at the cervical or
lumbar level. Specific therapies for ATTR-CM are most effective at

/ \

44% of patients had spinal
amyloid deposits

Patients with spinal amyloid
deposits were older

37% of amyloid+ patients had
abnormal cardiac biomarkers

36% of amyloid+ patients had low
global longitudinal strain on echo

early stages of the disease, and standard cardiac medications may
not be effective in patients with ATTR-CM. Thus, early identification
is crucial for referral and optimal treatment, and preexisting spinal
stenosis should increase index of suspicion for ATTR-CM in older
individuals.

4.1 | Limitations

Our study is limited by a relatively small number of patients, largely
owing to the decrease in elective surgeries during the COVID-19
pandemic during which this study was performed. For this reason,
some patients did not return for further evaluation resulting in
missing follow-up data. Missing data are an important limitation as
three patients with spinal specimens positive for amyloid deposits
were lost to follow-up and may have had ATTR-CM. Detection of
ATTR-CM may have also been falsely decreased by the identification
of individuals with clinically significant cardiac disease during
preoperative evaluation, whose surgeries would have likely been
delayed. Additionally, given the abstraction of baseline data from
the electronic health record, a majority of patients did not have a
baseline echo. Finally, because of processing constraints and funding
limitations, mass spectrometry was not systematically performed,
and the isolated amyloid protein was not routinely typed. Thus, the

number of individuals with spinal TTR deposits remains undefined.

5 | CONCLUSION

In this study, we demonstrate that 44% of patients >60years un-
dergoing elective spinal stenosis decompression surgery had amy-
loid deposits in their ligamentum flavum or spinal disc material.
We also found that none of the individuals with amyloid deposits
with follow-up testing had concurrent manifestations of ATTR-CM.
Clinicians caring for older patients with spinal stenosis should
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consider systemic amyloidosis as a potentially contributing factor.
Although symptomatic spinal stenosis alone is insufficient to infer
the presence concurrent ATTR-CM, further studies are warranted
to determine the time span between the development of spinal
stenosis and ATTR-CM to inform the development of screening
protocols.
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