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BACKGROUND: Identification of subjects with systemic amyloidosis in at-risk 
populations may improve early and accurate diagnosis and lead to better patient 
outcomes. To this end, we previously developed an amyloidogenic light chain 
identification assay for patients at risk of AL amyloidosis (1). Herein, we focus on 
ATTR amyloidosis. Several medical conditions have been identified as early 
indicators of an increased risk of ATTR amyloidosis. One such indicator is lumbar 
spinal stenosis (LSS), which often portends the development of systemic 
amyloidosis, notably ATTR amyloidosis. Studies that identify amyloid in the 
ligamentum flavum (LF) extracted during routine lumbar laminectomy procedures 
have been conducted to further understand the connection between LSS and 
amyloidosis and to evaluate the predictive value of the analysis. Depending on the 
technique used for amyloid detection, reports of amyloid prevalence in the LF have 
varied greatly across institutions (2-4). We now report a screening assessment for 
LF-associated amyloid in samples obtained during routine laminectomy surgery at 
the University of Tennessee Medical Center using manual, alkaline Congo red (CR) 
staining and immunohistochemical typing.

OBJECTIVE: This single-site study was designed to assess the prevalence of amyloid, 
using a manual Congo red staining procedure, in the LF of patients undergoing 
routine laminectomy surgery for spinal stenosis. Additionally, the amyloid load was 
assessed semi-quantitatively and amyloid type determined immunohistochemically 
when feasible.

METHODS: Males and females ≥ 35 years of age with no medical history of 
amyloidosis were enrolled and agreed to the use of LF tissue for this exploratory 
study. Tissues were fixed in formalin for 24 h, embedded in paraffin and 6-µm thick 
sections prepared and stained with alkaline CR solution. The tissues were examined 
microscopically using cross-polarized illumination for the presence of birefringent 
amyloid. Visual evaluation of amyloid load in the tissues was performed by an 
experienced reviewer and documented on a scale of 0 – 4, with 4 representing 
extensive amyloid infiltration. Serial tissue sections with sufficient material for 
immunohistochemical (IHC) evaluation (predominantly tissues with a score ≥ 2) 
were stained with a panel of antibodies for: transthyretin (TTR), apolipoprotein-a1 
(APOA1), serum amyloid a (AA), and both free κ and free λ light chains (AL). 

RESULTS: Forty-two males and females (50/50; mean age 62 y) consented 
to participate in the study (Table 1). Amyloid was detected in 86% of the 
tissue specimens (36/42). There was extensive amyloid (CR score = 4) 
present in 19% (8/42) of the samples, and ~40% (16/42) of the samples had 
a CR score of 1 (Fig. 1). A significant strong correlation between histological 
amyloid load and patient age was observed (rs = 0.57; approximate p = 
0.0001, α = 0.05) (Fig. 2). Of the evaluable specimens with unequivocal 
interpretation (20/23), IHC typing of the amyloid revealed positivity for TTR 
(1/20), APOA1 (4/20), both TTR and APOA1 deposits (12/20) often showing 
discrete regions of the two types throughout the tissue, or negative using
the panel of antibodies tested (3/20) (Table 2 and Fig. 3). No samples 
stained positively with either AA- or AL-reactive antibodies.

SUMMARY: It is not uncommon to find amyloid in the LF of patients with 
LSS (2,3). Our data are in concordance with those published from Europe 
and Asia, where >85% of cases were found to be positive; however, our 
population had a greater incidence of dual-amyloid, TTR and APOA1, 
deposition. Our data further corroborate that the amount of amyloid in the 
LF, based on CR visual scoring, correlated positively and significantly with 
age. It is unlikely that all patients with amyloid-positive LSS will develop 
systemic amyloidosis; however, routine screening of LF samples for amyloid, 
coupled with a robust scoring system, may identify patients for amyloid-
targeted imaging studies, leading to earlier identification of patients with 
presymptomatic systemic amyloidosis. Studies combining LF amyloid 
assessment and non-invasive amyloid imaging could be of clinical value to 
identify patients with a high risk of developing amyloidosis.
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Table 1:  Patient demographics and observed amyloid burden in the ligamentum flavum. The patient population 
consisted of 21 males and 21 females, with a mean age of 62 ± 12 years. Amyloid burden was assessed using 
Congo red stain and the presence of apple-green birefringence, indicative of amyloid deposition. A visual scoring 
system (0 = negative; 4 = extensive amyloid) was used by experienced reviewers, and results are reported. 

1 M 65 + 1 15 F 66 - 0 29 M 47 - 0

2 M 75 + 3 16 M 66 + 3 30 F 80 + 4

3 M 51 + 1 17 M 58 + 1 31 M 43 + 1

4 M 52 + 1 18 M 61 + 4 32 M 65 + 4

5 F 61 + 2 19 F 74 + 4 33 F 69 + 4

6 F 61 + 2 20 F 64 + 3 34 F 65 - 0

7 M 65 + 4 21 F 61 + 2 35 F 48 + 1

8 F 78 + 1 22 F 79 + 2 36 F 49 - 0

9 F 63 + 3 23 F 80 + 1 37 M 79 + 3

10 M 54 + 1 24 M 65 + 3 38 M 46 + 1

11 F 68 + 1 25 M 60 + 1 39 F 59 + 2

12 F 52 + 1 26 F 49 - 0 40 M 50 + 1

13 M 75 + 2 27 F 72 + 4 41 M 40 - 0

14 M 61 + 1 28 F 78 + 4 42 M 61 + 1
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Figure 1:  Representative Congo red-stained ligamentum flavum depicting four stages of amyloid load. When 
Congo red-stained tissue is viewed with cross-polarized light, amyloid appears as green-gold deposits. The 
extent of amyloid burden was scored using a 0 – 4 staging system, where 0 = no amyloid, and 4 = extensive 
amyloid. Representative tissues are shown: score 1 (A), score 2 (B), score 3 (C), score 4 (D). The chart to the right 
depicts the percentage of samples assigned to each staging category. Mag. 20X.
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Figure 2:  Age correlates with amyloid burden 
in patients undergoing routine laminectomy 
surgery. The amount of amyloid, estimated 
by visual scoring of Congo red-stained 
tissues, positively correlated with the age of 
the subject (rs = 0.57; approximate p = 
0.0001, α = 0.05). Samples were grouped by 
age to illustrate this finding.  

1 Colocalized TTR and APOA1 IHC positive regions.
2 Discrete TTR and APOA1 IHC positive regions.

Table 2:  Immunohistochemical 
identification of amyloid in LF tissues. 
The majority of samples stained 
positively with TTR or APOA1-reactive 
antibodies (60%). Only 5% 
immunostained for TTR only. Only 
those samples with sufficient amyloid 
were included in this distribution.

Figure 3:  Representative tissue specimen demonstrating positive amyloid staining with both TTR and 
APOA1-reactive antibodies. This specimen reveled discrete regions of TTR and APOA1 IHC staining, 
each corresponding to areas of CR birefringence in a consecutive tissue slice. Mag. 10X
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