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ABSTRACT

BACKGROUND Lumbar spinal stenosis (LSS) and carpal tunnel syndrome (CTS) often predate transthyretin amyloid
cardiomyopathy.

OBJECTIVES The aim of this study was to determine if patients with LSS/CTS have higher rates of cardiovascular
events and worse survival, even in the absence of recognized transthyretin amyloid cardiomyopathy and the incidence of
amyloidosis in patients with LSS/CTS.

METHODS Retrospective population-based cohort study of patients (cases) with LSS/CTS diagnosis between 1995 and
2015 (50-90 years old) identified through Rochester Epidemiology Project (Minnesota, USA). Cases were matched with
3 age- and sex-matched controls. Outcomes—investigated with comprehensive regression models—were heart failure,
atrial arrhythmias, device implantation, composite endpoint, survival, and incident amyloidosis.

RESULTS A total of 6,076 LSS cases and 16,205 controls and 6,664 CTS cases and 17,462 controls were included.
Compared to controls, LSS and CTS cases had more comorbidities at baseline and higher likelihood of cardiac events.
Survival was worse in LSS cases vs controls (HR: 1.26; 95% Cl: 1.19-1.33; P < 0.001) but similar in CTS cases vs controls
(HR: 0.95; 95% Cl: 0.90-1.01; P = 0.10). For LSS and CTS groups, respectively, the 10-year rate of amyloidosis diagnosis
was 1.1% (vs 0.5% for controls, cause-specific HR: 2.18; P < 0.001) and 0.9% (vs 0.3%, cause-specific HR: 2.87;

P < 0.001). Patients with both LSS and CTS had a 10-year incidence rate of amyloidosis of 1.45%.

CONCLUSIONS LSS and CTS were associated with increased likelihood of cardiovascular events and amyloidosis
diagnosis. This highlight the importance of a dedicated assessment of cardiovascular symptoms for LSS/CTS
patients, particularly if both conditions are present. (JACC Adv. 2026;5:102545) © 2026 The Authors. Published by
Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
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ABBREVIATIONS ardiac amyloidosis (CA) is now a
AND ACRONYMS well-recognized cause of heart fail-

ure (HF)."? Early diagnosis of trans-
AF/AFL = atrial fibrillation/

flutter thyretin amyloid (ATTR) cardiomyopathy

(ATTR-CM), both wild type and hereditary,
is essential because of the availability of
treatments that can increase survival and

ATTR = transthyretin amyloid

ATTR-CM = transthyretin
amyloid cardiomyopathy

ATTRwE-CM = wild-type improve quality of life.> ® Lumbar spinal ste-

transthyretin amyloid nosis (LSS) and carpal tunnel syndrome
cardiomyopathy (CTS) are frequently associated with ATTR-
CA = cardiac amyloidosis CM, presenting years before cardiac diag-
CEI = cardiac events of interest nosis.! However, the association of LSS and
CHF = congestive heart failure CTS with future development of ATTR-CM
CTS = carpal tunnel syndrome in the general population is yet to be defined,

challenging routine pathologic evaluation of
these specimens for ATTR infiltration.
Histopathological studies have reported a
high frequency of ATTR amyloid deposits in
ligamentous flavum specimens after LSS

CV = cardiovascular
HF = heart failure
LSS = lumbar spinal stenosis

PM/ICD = pacemaker/
implantable cardiac

defibrillator surgery, particularly in older patients;”:®
REP = Rochester epidemiology however, the minority of patients are diag-
project nosed with ATTR-CM° " at the time of sur-

gery, presumably due to the lag time between
amyloid deposition in soft tissues vs myocardium. A
prospective follow-up study recently reported that
around 15% of subjects with high-degree ATTR
deposition in the ligamentous flavum were diagnosed
with wild-type ATTR-CM (ATTRwt-CM) 6 years after
surgery.”” CTS is present in approximately 50% of
referred patients with ATTR-CM, and symptoms of
CTS precede the diagnosis by 5 to 10 years." Among
patients who underwent bilateral CTS release in the
preceding 5 to 15 years prospectively screened for
ATTR-CM, 5% of patients had early-stage ATTR-CM,
rising to 20% in nonobese men >70 years."

Some have proposed that evaluation of liga-
mentum flavum and flexor tenosynovium specimens
at the time of surgery could provide an opportunity
for early diagnosis of ATTR-CM;°'*'4 however,
rigorous data to support such practice are lacking. We
hypothesized that if LSS and CTS were prodromal
conditions for ATTR-CM, these patients would man-
ifest a higher rate of cardiovascular (CV) events and
worse survival. Moreover, they would manifest a
higher rate of incident amyloidosis diagnoses. If true,
histological evaluation of ligamentum flavum/flexor
tenosynovium specimens at surgery and/or a
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dedicated cardiology follow-up of selected patients
might be advisable as a means of earlier diagnosis for
ATTR-CM or, more rarely, light chain amyloidosis.

METHODS

STUDY DESIGN AND DATA COLLECTION. This study
was approved by the Mayo Clinic and Olmsted Med-
ical Center Institutional Review Boards and informed
consent was waived due to the study design. We
performed a retrospective cohort study of patients
between 50 and 90 years old with a history of LSS
and/or CTS documented between 1995 and 2015,
identified among residents of Olmsted County (Min-
nesota, USA). Patients were identified through the
Rochester Epidemiology Project (REP),'>"'” a medical
record system linking together all the medical re-
cords of Olmsted County residents from multiple
health care providers and institutions.

Patients with a positive history for LSS and/or CTS
were identified based on International Classification
of Diseases (ICD) codes (Supplemental Table 1).
Detailed study flowcharts for the 2 cohorts are re-
ported in Supplemental Figure 1. Index date was
defined as the one in which LSS/CTS diagnosis or
procedure code was used for the first time. Three age-
and sex-matched controls without any reported code
of LSS/CTS and seen during the same timeframe were
randomly selected from the same population and
matched without replacement. We analyzed patients
diagnosed with LSS and those with CTS (and their
respective controls) first as 2 separate cohorts, also
differentiating between LSS/CTS surgery and diag-
nosis codes. We also evaluated the subset of patients
with codes for both LSS and CTS. Baseline charac-
teristics and comorbidities of both case-control co-
horts were obtained through the REP registry.
Baseline comorbidities were defined as such if coded
in the charts before or up to 90 days after the index
date. Patients with a pre-existing diagnosis of
amyloidosis were excluded (Supplemental Table 2).

STUDY ENDPOINTS. Due to the underdiagnosis of
ATTR-CM in the study period, we used as clinical
endpoints potential overt manifestations of this
condition and specific ICD codes for amyloidosis.
Through ICD codes (both inpatient and outpatient),
we investigated the occurrence of cardiac events of
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interest (CEI), including congestive HF (CHF), atrial
fibrillation/flutter (AF/AFL), and pacemaker (PM)/
implantable cardiac defibrillator (ICD) implantation,
individually and as a composite endpoint. These
endpoints were chosen accordingly to existing liter-
ature'® and because they represent the most frequent
complications potentially related to ATTR-CM."”” A
subsequent CEI was defined as an event that occurred
at least 90 days after the index date. For each of the
CEI, the primary analyses were conducted on pa-
tients without pre-existing CEI. Similar analyses
were conducted including patients with pre-existing
CEI (except for PM/ICD implantation), but they are
relegated to supplemental figures/tables. We also
assessed the incidence of amyloidosis diagnosis us-
ing ICD codes (Supplemental Table 2); considering
the potential difficulties in using ICD codes in this
setting, we included all amyloidosis-related codes
listed in Supplemental Table 2. We did not perform
further clinical or histological confirmation, but we
relied on the diagnoses coded by the treating physi-
cians. Finally, survival was evaluated in LSS/CTS
cohorts and compared between cases and controls.

STATISTICAL ANALYSIS. Conditional logistic regres-
sion models were used to evaluate baseline preva-
lence of comorbidities between cases vs controls. CEI
(HF, AF/AFL, and PM/ICD) were summarized by
group. When cumulative incidence of CEI was eval-
uated using competing risk regression models for
stratified data, death was treated as a competing risk,
and the models accommodated the correlated nature
of the data with cases and matched controls. We re-
ported cause-specific HRs (csHR) estimated from the
competing risk models based on Fine and Gray?°
methods, and proportionality of subdistribution
hazards was assessed for all endpoints. Survival was
defined as the time from index date to time of death.
For all analyses, follow-up was extended up to 2018,
and patients were followed until death, censoring, or
end of the study period, whichever came first. Sur-
vival between cases vs controls was compared using
frailty expectation-maximization algorithms for each
cohort, where these models accommodate the
correlated nature of time to event outcomes with the
matched case-control design. Multivariable analyses
were conducted to assess case-control differences
while adjusting for confounders of interest, namely
relevant comorbidities such as malignancy, hyper-
lipidemia, diabetes, cerebrovascular disease, chronic
obstructive pulmonary disease, coronary artery dis-
ease, chronic kidney disease, peripheral vascular
disease, systemic hypertension, and prior myocardial
infarction. A directed acyclic graph is reported in the
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Supplemental Methods. Statistical analyses were
conducted using the R statistical program (R Foun-
dation, v4.2.2).

RESULTS

COHORT CHARACTERISTICS. A total of 6,076 cases
were included in the LSS cohort along with 16,205
controls matched on biological sex and age (Table 1).
Of the cases, 55% were females, mean age 66.5 years,
and 1,011 (16.6%) carried both a diagnosis code for
LSS and a procedure code for LSS surgery. LSS cases
had a significantly higher baseline prevalence of CV
and non-CV comorbidities, including prior CHF, AF/
AFL, PM/ICD implantation, and the composite of
CHF, AF/AFL, and PM/ICD.

A total of 6,664 cases were included in the CTS
cohort along with 17,462 matched controls (Table 1).
Most of the CTS cases were females (65%), mean age
61.4 years; 4,468 patients (67%) only had a diagnosis
CTS code, 2,196 (33%) also had a procedure code for
CTS surgery. CTS cases consistently had a signifi-
cantly higher prevalence of CV and non-CV comor-
bidities, including prior CHF, AF/AFL, PM/ICD
implantation, and the composite of CHF, AF/AFL,
and PM/ICD implantation.

The 1,181 patients with a history of both LSS and
CTS (Supplemental Table 3) tended to be more similar
to LSS only cases in terms of comorbidities.

INCIDENCE OF CEI. LSS cohort. With a median
follow-up of 8.8 years from the index date (95% CI:
8.6-9.1 years), cardiac composite endpoint occurred
in 8,335 (37.4%) patients, of whom 5,942 did not
have a prior history of the CEI. The respective
estimated 10-year cumulative incidence rates of
CHF, AF/AFL, PM/ICD, and composite outcome
among cases without prior CEI were significantly
higher than controls (Figures 1A to 1D, Table 2,
Central Illustration): CHF, 22.5% in cases vs 14.0% in
controls; AF/AFL, 44.3% in cases Vs 34.5% in
controls; PM/ICD, 5.5% in cases vs 3.3% in controls;
and composite outcome, 36.3% in cases vs 26.9% in
controls, all P < 0.001. The forest plot (Figure 2)
demonstrates  the  multivariate csHR  and
corresponding differential hazards of developing
any of the CEI and reveals that the risk conferred by
LSS is independent of and approaches that of other
relevant comorbidities such as prior coronary artery
disease, prior myocardial infarction, and chronic
kidney disease. As shown in Table 2 and
Supplemental Figure 2, LSS was a risk marker for
incident CEI regardless of whether there was a
surgical procedure or not.
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TABLE 1 Baseline Characteristics of LSS and CTS Cases and Their Matched Controls
LSS Cohort CTS Cohort
Controls LSS Cases OR? Controls CTS Cases OR?
(n =16,205) (n = 6,076) (95% CI) (n =17,462) (n = 6,664) (95% CI)
Female, n (%) 8,900 (55) 3,345 (55) 11,263 (64.5) 4,330 (65.0)
Age at index date, y, mean (SD) 65.8 (11.7) 68.3 (10.9) 60.8 (11.7) 63.1(10.7)
Types of codes reported
Diagnostic only, n (%) 5,065 (83.4%) 4,468 (67.0)
Procedure + diagnostic, n (%) 1,011 (16.6%) 2,196 (33.0)
Prior history of:
Heart failure, n (%) 1,114 (6.9) 648 (10.7) 1.69 (1.52-1.88) 771 (4.4) 399 (6.0) 1.47 (1.29-1.67)
AF/AFL, n (%) 1,331 (8.2) 846 (13.9) 1.90 (1.73-2.10) 3,193 (18.3) 1,772 (26.6) 1.72 (1.60-1.85)
PM/ICD, n (%) 408 (2.5) 210 (3.5) 1.40 (1.17-1.66) 256 (1.5) 147 (2.2) 1.54 (1.25-1.90)
HF, AF/AFL, and/or PM/ICD, n (%) 2,026 (12.5) 1,215 (20.0) 1.87 (1.72-2.03) 3,460 (19.8) 1,905 (28.6) 1.74 (1.62-1.87)
Systemic hypertension, n (%) 7,934 (49.0) 4,177 (68.7) 2.55 (2.39-2.73) 6,766 (38.7) 3,666 (55.0) 2.17 (2.03-2.31)
Diabetes mellitus, n (%) 4,786 (29.5) 2,641 (43.5) 1.95 (1.83-2.08) 3,979 (22.8) 2,402 (36.0) 2.05 (1.92-2.19)
Hyperlipidemia, n (%) 9,079 (56.0) 4,381 (72.1) 2.15 (2.01-2.30) 8,120 (46.5) 4,265 (64.0) 2.21 (2.07-2.35)
Coronary artery disease, n (%) 3,074 (19.0) 1,873 (30.8) 2.10 (1.95-2.26) 2,172 (12.4) 1,374 (20.6) 2.02 (1.87-2.19)
Previous MI, n (%) 1,019 (6.3) 570 (9.4) 1.59 (1.42-1.78) 694 (4.0) 390 (5.9) 1.56 (1.37-1.78)
Cerebrovascular disease, n (%) 1,798 (11.1) 1,216 (20.0) 2.10 (1.93-2.28) 1,289 (7.4) 732 (11.0) 1.63 (1.47-1.80)
Peripheral vascular disease, n (%) 2,344 (14.5) 1,816 (29.9) 2.84 (2.63-3.07) 1,623 (9.3) 1,099 (16.5) 2.06 (1.89-2.25)
Chronic kidney disease, n (%) 1,087 (6.7) 713 (1.7) 1.91 (1.72-2.12) 722 (4.1) 489 (7.3) 1.91 (1.69-2.17)
COPD, n (%) 1,519 (9.4) 909 (15.0) 1.73 (1.59-1.90) 1,145 (6.6) 653 (9.8) 1.58 (1.43-1.75)
Malignancy (any type excluding skin tumors), n (%) 3,827 (23.6) 2,026 (33.3) 1.69 (1.58-1.81) 3,099 (17.7) 1,521 (22.8) 1.43 (1.33-1.53)
Number of comorbidities at baseline®, mean (SD) 2.25 (2.04) 3.35(2.14) 1.37 (1.35-1.39) 1.70 (1.79) 2.49 (1.97) 1.34 (1.32-1.37)

?Results from conditional logistic regression model accounting for matched sets of cases and age- and sex-matched controls. Comparison across all groups is significantly different at a P value of <0.001.
bComorbidities at baseline (ie, before and up to 90 days after the index date), not including HF, AF/AFL, and/or PM/ICD.
AF/AFL = atrial fibrillation/flutter; COPD = chronic obstructive pulmonary disease; CTS = carpal tunnel syndrome; ICD = implantable cardiac defibrillator; HF = heart failure; LSS = lumbar spinal

stenosis; MI = myocardial infarction; PM = pacemaker.

Findings were similar even if patients with pre-
existing CEI were included in the analyses (all
P < 0.001) (Supplemental Figure 3, Supplemental
Table 4). Again, on multivariable analysis adjusting
for relevant CV and non-CV comorbidities
(Supplemental Figure 4), the independent role of LSS
as a risk marker for any CEI was confirmed. Differ-
ences in the event rates based on biological sex is
reported in Supplemental Table 5. CEI were generally
more frequent in men compared to women in both
cases and controls with the exceptions of CHF and
the composite outcome among cases, for whom fre-
quency was no different for men and women.

CTS cohort. With a median follow-up of 10.4 years
(95% CI: 10.1-10.6 years), 8,111 (33.6%) patients
experienced the composite endpoint, of whom 5,107
did not have a prior history of the CEI. The respective
estimated 10-year cumulative incidence rate of CHF,
AF/AFL, PM/ICD, and composite outcome was
significantly higher in CTS cases than controls
(Figures 1E to 1H, Table 2, Central Illustration): CHF,
15.4% in cases vs 10.6% in controls; AF/AFL, 33.0% in
cases Vs 24.9% in controls; PM/ICD, 3.6% in cases vs
2.5% in controls; and composite outcome, 24.3% in

cases vs 17.9% in controls, all P < 0.001. The forest
plot (Figure 2B) demonstrates the multivariate csHR
and corresponding differential hazards of developing
any of the CEI and reveals that the risk conferred by
CTS is independent of and approaches that of other
relevant CV comorbidities. As shown in Table 2 and
Supplemental Figure 2, CTS was a risk marker for
incident CEI regardless of whether there was a sur-
gical procedure or not.

Findings were similar if all cases were included,
even those with pre-existing CEI (all P < 0.001)
(Supplemental Figure 3, Supplemental Table 4).
Again, on multivariable analysis adjusting for rele-
vant CV and non-CV comorbidities (Supplemental
Figure 4), the independent role of CTS as a risk
marker for CEI was confirmed. Differences in the
event rates based on biological sex is reported in
Supplemental Table 5. CEI were generally more
frequent in men compared to women.

Both LSS and CTS cohort. For the 1,181 patients
with both LSS and CTS, hazards of manifesting CHF
(csHR: 1.95; 95% CI: 1.71-2.22; P < 0.0001), AF/AFL
(csHR: 1.52; 95% CI: 1.36-1.70; P < 0.0001), PM/ICD

implantation (csHR: 1.72; 95% CI: 1.33-2.23;
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FIGURE 1 Cumulative Incidence of Cardiac Events of Interest
‘ Event of interest in cases Event of interest in controls - — = Death w/o event of interest in cases  — — — Death w/o event of interest controls
A CHF in LSS case/control cohort B AF/AFL in LSS case/control cohort C PM/ICD in LSS case/control cohort D Composite endpoint in LSS case/
control cohort
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Cumulative incidence of heart failure (HF), atrial fibrillation/flutter (AF/AFL), pacemaker and implantable cardioverter defibrillator (PM/ICD) implantation, and of the
composite outcome, including death as a competing risk, in patients with lumbar spinal stenosis (LSS) (A-D) and carpal tunnel syndrome (CTS) (E-H) without previous
history of these events and matched controls. (A) HF in LSS cohort, (B) AF/AFL in LSS cohort, (C) PM/ICD in LSS cohort; and (D) composite outcome (HF, AF/AFL, or
PM/ICD) in LSS cohort. (E) HF in CTS cohort; (F) AF/AFL in CTS cohort, (G) PM/ICD in CTS cohort, and (H) composite outcome (HF, AF/AFL, or PM/ICD) in CTS cohort.
CHF = congestive heart failure; csHR = cause-specific HR.

P < 0.0001), and the composite outcome (csHR: 1.61;
95% CI: 1.44-1.81; P < 0.0001) was higher compared
to their matched controls (Supplemental Table 6,
Supplemental Figure 5).

SURVIVAL DURING LONG-TERM FOLLOW-UP. For
the LSS cohort, 6,782 deaths were observed, and
survival was significantly worse in LSS cases than
matched controls (HR: 1.26; 95% CI: 1.19-1.33;
P < 0.001) (Figure 3A); however, LSS cases with a
procedure code had a better survival (HR: 0.80;
95% CI: 0.70-0.91; P < 0.0001), whereas those
without a procedure code had significantly worse
survival (HR: 1.39; 95% CI: 1.31-1.47; P < 0.001)
(Figure 3B) compared to the
matched controls.

For the CTS cohort, 5,836 deaths were reported
overall. Survival was similar between CTS cases and
controls (HR: 0.95; 95% CI: 0.90-1.01; P = 0.10)
(Figure 3C), although patients who had a CTS surgery
code had superior survival vs the controls (HR: 0.80;
95% CI: 0.72-0.88; P < 0.001) (Figure 3D).

respective

For the LSS-CTS case-control cohort, 1,425 deaths
were reported. Cases with both LSS and CTS di-
agnoses had a lower hazard of death (HR: 0.82,
95% CI: 0.74-0.90; P < 0.0001) compared to their
matched controls, but when the analysis was
restricted to those who had a diagnosis of LSS and
CTS within the same year, survival was worse for the
cases (HR: 1.42; 95% CI: 1.12-1.81; P = 0.004).

INCIDENCE OF AMYLOIDOSIS DIAGNOSIS. LSS
cohort. During follow-up, 131 patients (58 LSS cases
and 73 controls) had an incident diagnosis of
amyloidosis. LSS cases had a significantly higher
probability of incident amyloidosis diagnosis
(csHR: 2.18; 95% CI: 2.10-2.26; P < 0.001) than
matched controls (Supplemental Figure 6A) with an
estimated 10-year rate of an amyloidosis diagnosis
of 1.1% vs 0.5% for LSS cases vs controls.

When considering the incidence of amyloidosis
diagnoses by biological sex, the estimated 10-year
amyloidosis incidence rate was 0.5% in women vs
1.2% in men (P = 0.0001) overall. Among LSS cases,
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TABLE 2 LSS and CTS Cases Versus Controls: Competing Risk Regression Models for Cardiac Events of Interest

Cardiac Event of Interest

Models CHF

AF/AFL PM/ICD Any Cardiac Event of Interest®

LSS cohort
M1°: LSS case (vs control) csHR (95% CI)
10-year rate (SD)

LSS cases

1.50 (1.47-1.53)

22.5% (0.7%)
14.0% (0.4%)
Reference
14.0% (0.4%)

Controls

M2°: Controls csHR (95% Cl)
10-year rate (SD)

LSS case with diagnosis (no procedure)

csHR (95% ClI)
10-year rate (SD)

LSS case with procedure
csHR (95% ClI)
10-year rate (SD)

CTS cohort

M3®: CTS case (vs control) csHR (95% Cl)
10-year rate (SD)
CTS cases
Controls

M4°: Controls csHR (95% CI)
10-year rate (SD)

CTS case with diagnosis (no procedure)
csHR (95% CI)
10-year rate (SD)

CTS case with procedure
csHR (95% ClI)
10-year rate (SD)

1.55 (1.51-1.58)
23.1% (0.8%)

1.32 (1.25-1.39)
19.8% (1.5%)

15.4% (0.6%)
10.6% (0.3%)
Reference
10.6% (0.3%)

1.44 (1.41-1.48)
15.5% (0.7%)

1.39 (1.39-1.43)
15.0% (0.9%)

1.42 (1.40-1.45)

1.33 (1.31-1.35) 1.55 (1.50-1.61) 1.26 (1.25-1.28)

44.3% (0.9%)

34.5% (0.5%)
Reference

34.5% (0.5%)

5.5% (0.4%)
3.3% (0.2%)
Reference
3.3% (0.2%)

36.3% (0.9%)
26.9% (0.5%)
Reference
26.9% (0.5%)

1.31 (1.29-1.33)
43.7% (1.0%)

1.56 (1.50-1.62)
5.5% (0.4%)

1.28 (1.26-1.30)
36.8% (1.0%)

1.40 (1.35-1.45)
46.8% (2.0%)

1.53 (1.44-1.62)
5.2% (0.8%)

1.20 (1.15-1.24)
34.5% (1.9%)
1.34 (1.32-1.36)  1.36 (1.31-1.40) 1.26 (1.24-1.28)
33.0% (0.8%)
24.9% (0.4%)
Reference
24.9% (0.4%)

3.6% (0.3%)
2.5% (0.1%)
Reference
2.5% (0.3%)

24.3% (0.8%)
17.9% (0.4%)
Reference
17.9% (0.4%)

1.35 (1.32-1.37)
31.8% (1.0%)

1.28 (1.23-1.33)
3.6% (0.4%)

1.29 (1.27-1.32)
24.6% (0.9%)

1.33 (1.29-1.37)
35.1% (1.4%)

1.50 (1.41-1.59)
3.6% (0.5%)

1.21 (1.17-1.24)
23.6% (1.3%)

CHF = congestive heart failure; other abbreviations as in Table 1.

Table values reflect the cause-specific HR (csHR) of the case in relation to the age- and sex-matched controls. Cumulative incidences are calculated with death as a competing
risk and only patients who did not have a prior history of the cardiac event of interest are included. *CHF, AF/AFL, and/or PM/ICD implantation. 5p < 0.001.

the 10-year rates of amyloidosis diagnoses for women
and 2.1%, respectively,
P = 0.0001. In the matched controls, there was a
tendency toward higher rate in men, with a 10-year
estimated amyloidosis rate of 0.4% in women vs
0.8% in men (P = 0.062).

CTS cohort. A total of 118 patients had an incident
diagnosis of amyloidosis (62 CTS cases and 56 con-
trols). CTS cases had a significantly higher probability
of incident amyloidosis diagnosis (csHR: 2.87;
95% CI: 2.70-3.05; P < 0.001) than matched controls
(Supplemental Figure 6B) with an estimated 10-year
rate of an amyloidosis diagnosis of 0.9% vs 0.3% for
CTS cases vs controls. When considering the diag-
nostic rate by biological sex, in the overall CTS
cohort, the estimated 10-year rates of amyloidosis
diagnoses were 0.4% for women vs0.8% for men

and men were 0.7%

(P = 0.0004) and this difference was consistent in
CTS cases (0.7% vs 1.4%, P = 0.003) and controls
(0.3% Vs 0.5%, P = 0.044).

Both LSS and CTS cohort. Patients with both an
LSS and CTS diagnosis code had a higher incidence
rate of amyloidosis (Figure 4), with a 10-year inci-
dence rate of 1.45% vs estimated rates of 0.97% and
0.83% for those with only LSS diagnosis or CTS
diagnosis codes, respectively.

DISCUSSION

This is a retrospective population-based study
designed to investigate the potential relationship
between LSS and CTS and future CEI, which we
assumed might be a surrogate for undiagnosed ATTR-
CM. We present several important findings. First,
compared to matched controls, patients with LSS or
CTS were at a higher probability of CEI, including HF,
AF/AFL, and PM/ICD implantation, all potential
manifestations of undiagnosed ATTR-CM, even when
correcting for comorbidities and competing risk of
death. Second, LSS-only and CTS-only patients also
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» Patients with LSS and CTS are at higher likelihood of cardiac events

« They have a higher 10-year rates of amyloidosis diagnosis, particularly when LSS and CTS are
both present

« Patients with LSS not undergoing surgery had the worst survival rates.

cardioverter defibrillator.

Ten-year rates of the cardiac events of interest and of incident amyloidosis diagnoses in lumbar spinal stenosis (LSS) cases and their
matched controls (light blue and blue, respectively) and carpal tunnel syndrome (CTS) cases and their matched controls (light orange and
orange, respectively). Comparisons between cases and matched controls were all P < 0.001. AF/AFL = atrial fibrillation/flutter;

CHF = congestive heart failure; CTS = carpal tunnel syndrome; LSS = lumbar spinal stenosis; PM/ICD = pacemaker/implantable

were at a higher probability of subsequent incident
amyloidosis diagnoses. Third, patients with both LSS
and CTS had the highest probability of cardiac events
and of developing amyloidosis compared to those

with a single diagnosis. Finally, patients with LSS had
inferior survival compared to matched controls,
although this was not the case for patients with CTS.
These data confirm the association between
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FIGURE 2 Multivariable Competing Risk Regression Model for Any Cardiac Event

A Lumbar spinal stenosis cohort B Carpal tunnel syndrome cohort
P HR (95% C) P HR (95% C)
LSS case (vs control) L] <0.0001 1.149 (1.132, 1.166) CTS case (vs control) L} <0.0001 1.147 (1.129, 1.165)
Age ] <0.0001  1.039 (1.038, 1.041) Age [ ] <0.0001  1.042 (1.040, 1.043)
Prior history of malignancy ¥ 0.58 1.005 (0.987, 1.024) Prior history of malignancy ﬂ 0.0004 0.954 (0.930, 0.979)
Prior history of hyperlipidemia W <0.0001 0.926 (0.913, 1.939) Prior history of hyperlipidemia L] <0.0001 0.900 (0.883, 0.917)
Prior history of diabetes [] <0.0001 1.097 (1.078, 1.116) Prior history of diabetes L] <0.0001 1.229 (1.203, 1.256)
Prior history of cerebrovascular disease L] 0.94 1.001 (0.972, 1.031) Prior history of cerebrovascular disease L <0.0001 1.305 (1.259, 1.353)
Prior history of COPD ' L <0.0001  1.571(1.523, 1.621) Prior history of COPD ] <0.0001  1.313(1.269, 1.359)
Prior history of CAD P <0.0001  1.273 (1.240, 1.307) Prior history of CAD P <0.0001  1.400 (1.363, 1.439)
Prior history of CKD : = <0.0001 1.312(1.269, 1.357) Prior history of CKD 3 b= <0.0001 1.437 (1.361, 1.517)
Prior history of peripheral vascular disease L] <0.0001 1.182(1.152, 1.212) Prior history of peripheral vascular disease L] <0.0001 1.113 (1.077, 1.151)
Prior history of systemic hypertension [] <0.0001 1.259 (1.236, 1.282) Prior history of systemic hypertension 3 L] <0.0001 1.534 (1.504, 1.566)
Prior history of myocardial infarction e <0.0001 1.159 (1.109, 1.212) Prior history of myocardial infarction gl <0.0001 1.636 (1.570, 1.706)

—_—

0,000 0,500 1,000 1,500 2,000 0,000 0,500 1,000 1,500 2,000

Hazard ratio
for any cardia event of interest

Hazard ratio
for any cardia event of interest

Forest plot showing multivariable competing risk regression model for any cardiac event of interest (HF, AF/AFL, or PM/ICD implantation) in patients with (A) lumbar
spinal stenosis (LSS) and (B) carpal tunnel syndrome (CTS) and without a prior history of the cardiac events of interest. CAD = coronary artery disease;
COPD = chronic obstructive pulmonary disease; CKD = chronic kidney disease; other abbreviations as in Figure 1.

ligamentous disease and future CV events possibly
related to ATTR-CM, highlighting its role as a clinical
marker of potentially undiagnosed amyloid-related
disease. Nevertheless, due to the retrospective na-
ture and timeframe of the study, these findings likely
underestimate the actual “penetrance” of ligamen-
tous disease and future amyloid diagnoses.

We observed that patients with LSS or CTS have a
higher probability of developing CEI and this was
independent of CV and non-CV comorbidities
regardless of inclusion/exclusion of pre-existing
cardiac conditions. It is plausible that part of the
higher burden of pre-existing CV comorbidities
observed in the cases may reflect undiagnosed, pre-
existing ATTR-CM. For instance, although coronary
artery disease can coexist with ATTR-CM, elevated
cardiac troponin levels—potentially resulting from
amyloid-related myocardial injury®'—may instead be
attributed to acute coronary syndrome.

We demonstrate in a large U.S. population-based
study that LSS—including surgically treated and
medically managed—cases have a 2-fold higher rate
of being diagnosed with amyloidosis and a 1.3-fold
higher probability of developing CEI potentially
related to undiagnosed ATTR-CM. It is notable that
although the fold increase in CV events potentially
indicating ATTR-CM is quite substantial, the absolute
10-year amyloidosis diagnosis rate was only 1.1%.
Small studies have investigated the presence of ATTR
deposits in the ligamentum flavum of patients un-
dergoing LSS surgery, documenting that this finding
is common;’ ' however, none® to few® patients have
definite signs of ATTR-CM. In a prospective study

from Belgium, 82 LSS surgery patients were screened
by bone scintigraphy, monoclonal protein assess-
ment, and spinal ligamentum flavum staining, and
59% had amyloid deposits in the ligamentum flavum;
however, only 3 patients (3.7% of the whole popula-
tion and 6.2% of the positive ligament patients) were
diagnosed with ATTRwt-CM at the time of LSS sur-
gery, all early stage and in individuals over 73 years
old.° Recently, a prospective follow-up study re-
ported that around 15% of subjects (n = 3/19) with a
high-degree ATTR deposition (classified as grade 3-4
deposition) in the ligamentous flavum at the time of
LSS surgery were diagnosed with ATTRwt-CM 6 years
later.””

We demonstrated that individuals with LSS had
inferior survival as compared to the cases, but when
patients were parsed by procedure code vs diagnosis
code for LSS, LSS surgery cases had better survival
than matched controls, likely a function of patient
selection. Spinal surgery is an intermediate-risk sur-
gery,”>?% and it is offered to more robust patients;
indeed, patients undergoing LSS surgery in our
cohort were younger and had fewer comorbidities at
the time of the procedure.

For the CTS cohort, the results of our population-
based study, which included patients with CTS who
either did or did not undergo carpal tunnel release,
are similar to those of a Danish Registry study,'®
which included patients who underwent CTS release
surgery. They reported that CTS patients were at a
higher probability of developing CA, HF, atrial dys-
rhythmias, atrioventricular block, and PM/ICD im-
plantation. Among their CTS patients, the HR and
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FIGURE 3 Survival in Lumbar Spinal Stenosis and Carpal Tunnel Syndrome Patients
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(A) Lumbar spinal stenosis (LSS) cases vs controls. (B) LSS cases with only a diagnosis vs LSS cases who have a reported procedure vs matched controls. (C) Carpal
tunnel syndrome (CTS) cases vs controls. (D) CTS cases with only a diagnosis vs CTS cases who have a reported procedure vs matched controls. Abbreviations as in
Figure 1.
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FIGURE 4 Incidence of Amyloidosis Diagnoses Across Different Cohorts
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Cumulative incidence of amyloidosis across both cohorts and in patients with lumbar spinal stenosis (LSS) and carpal tunnel syndrome (CTS)
vs matched controls. Death without amyloidosis is treated as a competing risk. Abbreviations as in Figure 1.

10-year absolute cumulative incidence for a future
amyloidosis diagnosis were 12.1 (95% CI: 4.37-33.6)
and 0.1%, respectively, compared to our HR of 2.87
and cumulative 10-year incidence of 0.9%. Both
studies demonstrated that despite more comorbid-
ities among CTS patients than controls, there was
no increase in mortality. The fact that mortality
was no different between the CTS cases and con-
trols could be due to low absolute rates of
amyloidosis diagnoses, competing risk of death in
elderly populations, or median follow-up times of
only a decade. Regarding the differences in incident
CEIs and overall survival between LSS and CTS
cohort (Central Illustration), it is also worth
considering that amyloid deposits, and therefore
subsequent possible ATTR-CM, may be more prev-
alent in LSS than CTS specimens, as suggested by
previous literature”-%:10:14-24

Although we did not seek histological or clinical
confirmation in cases identified as incident diagnoses
of amyloidosis as per ICD codes entered by treating
physicians, previous literature reported that most
histological amyloid deposits in patients with CTS
and LSS is ATTR.” Patients with a dual diagnosis of
LSS and CTS had the highest probability of CV events
(1.1- to 1.4-fold) and incident amyloidosis diagnosis
(1.45%), underscoring that this subset of patients
might warrant closer clinical evaluation. The notably

higher incidence of HF and the other CEI, compared
to the relatively low number of cases with an
amyloid-related diagnosis, indicate a potential diag-
nostic gap, with a proportion of CEI cases potentially
attributable to unrecognized CA. This observation,
which needs to be contextualized in the study period
when amyloidosis awareness was not as expanded as
it is today, still highlights the need for increased
clinical awareness in at-risk subsets.

Where do our and the existing published data
leave us in terms of making recommendations about
routinely sampling and staining these tissues at the
time of surgery? The answer depends on the practi-
tioner’s tolerance for positive tissue diagnoses with a
relatively low absolute probability of ATTR-CM in the
next decade. Early diagnosis in soft tissues may be of
no clinical significance but potentially substantial
emotional (and financial) burden. For the case of LSS
surgery, the tissue is waste, and the Congo red stain
is inexpensive, although typing does carry an addi-
tional cost. In contrast, in the case of CTS release,
tissue is not always routinely taken, so the decision
to remove tissue to screen for ATTR-CM may
complicate a simple surgery.

STUDY LIMITATIONS. There are several limitations
to this study. First, this is an observational retro-
spective cohort study which makes assumptions, that
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is, the increased cardiac events observed in the cases
as compared to the controls may be due to undiag-
nosed ATTR-CM; there is no biopsy proof that these
assumptions are correct, although our results were
consistent when adjusting for CV and non-CV
comorbidities. Second, diagnoses, procedures,
comorbidities, and outcomes were based on ICD
codes as reported by treating physicians. Even
though the predictive values of these codes have
been reported before,?®?” undercoding or misdiag-
nosis based on this system may have occurred.
Moreover, baseline comorbidities and outcomes were
defined if at least 1 related ICD code was present, so a
single coding was sufficient to establish a diagnosis
or event. This improves sensitivity but it might
decrease specificity (versus an approach requiring at
least 2 codes on separate dates). Also, LSS/CTS sur-
gery codes (which are likely more reliable than
diagnosis codes due to reimbursement issues) were
present only in a subset of patients. Third, the
observation period of the study was during a time
when ATTR-CM was likely underdiagnosed, thus
affecting the analyses on incident amyloidosis di-
agnoses; however, we assume the relative risk
should be accurate given the large sample size.
Moreover, patients moving out of Olmsted County
are lost to follow-up, a known limitation of REP
data. However, since this affects both cases and
controls similarly, it likely had minimal impact on
our results. Finally, we did not look specifically at
patients with bilateral CTS surgery, which might
constitute an even higher-risk cohort, as this data
are not currently available.

CONCLUSIONS

In this U.S. population-based study, patients with
LSS and CTS were at higher likelihood of CEI, had
higher 10-year rates of amyloidosis diagnosis, and
patients with LSS not undergoing surgery had the
worst survival rates. These data highlight the
importance of a dedicated assessment of CV symp-
toms for patients with LSS and/or CTS, particularly if
both conditions and other red flags are present and

De Michieli et al
Spinal Stenosis and Carpal Tunnel as ATTR-CM Surrogates

regardless of surgical indications. Furthermore, they
emphasize the need for cardiologists to actively
investigate signs and symptoms of LSS and/or CTS in
patients with clinical or imaging features suggestive
of CA, as these may represent relevant diagnostic
clues and early red flags. Although the presence of
ATTR amyloid in ligaments may represent a “risk
marker” for developing ATTR-CM, more information
is required before recommending routine histological
evaluation of these tissues, unless other risk factors
co-exist.
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PERSPECTIVES

potentially related to undiagnosed ATTR-CM, with higher

osis diagnoses remained low.

development of ATTR-CM and its timing. Moreover, future

analysis of CTS/LSS surgery specimens might be indicated.
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