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Abstract
Histomorphologic parameters of atrial appendages removed during the Cox-Maze procedure have been shown to correlate
with recurrence of atrial fibrillation. While amyloid deposition has been noted within atrial appendages, the incidence and
significance remains incompletely understood. More accurate amyloid typing methodologies and targeted pharmacother-
apeutics have recently been developed, prompting pathologists to provide more detailed information about the type of
amyloid identified in such samples. This study sought to fully characterize the morphologic characteristics of atrial amyloid
as well as its incidence and clinical significance. Tissue archives were queried for atrial appendages removed during the
cardiac surgeries (2010–2014). Patient demographics, imaging features, and salient clinical findings were recorded. Pattern
and extent of amyloid deposition were recorded. Typing of the amyloid protein, when present, was performed on a subset of
cases by laser capture microdissection with mass spectrometry-based proteomic analysis. A total of 383 atrial appendages
from 345 consecutive patients were included in the study (mean age, 69 years; range, 26–92 years). Amyloid was present in
46% of patients. A linear relationship was observed between age and presence of atrial amyloidosis. Women were more
likely to have atrial amyloidosis. Two distinct morphologies of amyloid were observed: filamentous and nonfilamentous, and
correlated perfectly with amyloid type (filamentous=AANF-type amyloid; nonfilamentous=ATTR-type amyloid).
Filamentous deposits were observed in 91% of those with amyloid. Amyloid was more likely to be found in the left atrial
appendage than the right. Patients with atrial amyloid, irrespective of type, were more likely to have experienced stroke or
TIA and more likely to have atrial arrhythmia preoperatively. Postoperatively, those with atrial amyloid are more likely to
experience recurrence of arrhythmia than those who did not have atrial amyloid. Understanding the morphologic
characteristics of AANF-type amyloid will allow for identification by the light microscopy and obviates the need for
expensive ancillary typing techniques. The finding of nonfilamentous amyloid, should still prompt confirmation of amyloid
type so that targeted therapy may be employed.

Introduction

Atrial appendages, resected during cardiac surgeries, are
commonly encountered specimens in the surgical pathol-
ogy laboratories. Historically, their pathological evalua-
tion has been limited to gross examination only or
intraoperative disposal. In recent years, histopathological
parameters of appendages removed during Maze proce-
dures have been shown to correlate with the persistence
and recurrence of atrial fibrillation (AF) [1–4]. Such
observations make a solid case for routine histologic
examination. Consequently, seemingly incidental find-
ings, such as amyloidosis, are encountered that raise
questions of their significance.
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The reported prevalence of amyloid in atrial appendages
varies from 40 to 67% in appendages resected surgically
and acquired through autopsy, respectively, and is thought
to be primarily of the ANF (atrial natriuretic factor) variety
[5–7]. Atrial amyloidosis is frequently associated with AF,
but whether this accumulation is a cause or consequence of
AF is unclear [5, 6, 8–10]. This is due, in part, to a paucity
of data regarding epidemiology, clinical significance, his-
tomorphologic, and proteomic spectra of atrial amyloidosis
in appendages.

Prognostication and treatment selection for cardiac
amyloidosis in general relies on early detection and accurate
typing. However, data on the relevance of amyloid deposits
in atrial appendages is somewhat lacking. Given the esti-
mated disease burden of atrial amyloidosis in these speci-
mens, routine typing would add substantial expense, and
currently lacks substantiation through evidence-based
medicine [11].

This study aimed to (1) descriptively characterize the
morphologic features of amyloid in atrial appendages; (2)
analyze the type(s) and relative prevalence of amyloid
present in the surgically resected specimens; (3) evaluate if
histomorphologic features of amyloid deposits could accu-
rately predict the amyloid type; and (4) investigate the
correlation between atrial amyloid deposition and post-
Maze recurrence of AF, and other clinical features.

Material and methods

The study was reviewed and approved by the Mayo Clinic
Institutional Review Board and Bio-specimens sub-
committee (IRB# 13-008181).

Cohort selection and demographics

All patients with resection of one or both atrial appendages
at Mayo Clinic in Rochester, MN, between January 1, 2010,
and July 31, 2014, were identified from the institutional
tissue registry archives. Patient age, sex, height/weight at
the time of surgery, and salient clinical information was
abstracted from the medical record.

Histomorphological analysis

Paraffin blocks from each case were cut at 3 µm and stained
with hematoxylin and eosin (H&E) and sulfated Alcian blue
(SAB) by established methods. Light microscopic patterns
and extent of amyloid deposition were assessed by cardio-
vascular pathologists (JJM and WDE), blinded to the clin-
ical information. Three histomorphologic patterns,
including interstitial, vascular, and endocardial, were inde-
pendently recorded. Two distinct morphologies of amyloid

deposition (or a combination thereof) were also recognized
(Fig. 1): (1) “filamentous” amyloid deposits, that stained
deeper with a SAB stain, and had an unusual thread-like
appearance on H&E; (2) “nonfilamentous” deposits, char-
acterized by the amyloid deposits of usual character that
appeared waxy, nodular, and homogenous on H&E and
SAB; and (3) mixed pattern, with co-deposition of fila-
mentous and nonfilamentous forms in the same specimen.

The extent of interstitial, vascular, and endocardial
amyloid deposition was evaluated semiquantitatively at low
power (original magnification, ×4). Interstitial deposition
was graded as follows: 0= none; 1+=mild, focal (<5% of
myocardial interstitium involved); 2+=moderate, multi-
focal (≥5% but <50% of myocardial interstitium); 3+=
severe, extensive (≥50% of myocardial interstitium). When
present, the severity of vascular deposition was graded as
being nonobstructive (<75% reduction in the luminal cross-
sectional area) or obstructive (≥75% reduction in the lumi-
nal cross-sectional area). Endocardial deposition was graded
as follows: 0= none; 1+= focal or multifocal; 2+= dif-
fuse and confluent. In “mixed” cases, location and extent of
amyloid depositions of both morphological varieties were
recorded separately. For cases with both appendages
available, the appendage with the highest total grade
was used.

Amyloid typing

A representative subset of 30 appendages demonstrating
amyloid deposits from 28 patients was selected for amyloid
typing by liquid chromatography tandem mass spectrometry
(LC-MS/MS) (Fig. 2). These included isolated left atrial
appendages (LAA) from 23 patients, isolated right atrial
appendages (RAA) from 3 patients, and bilateral atrial
appendages from 2 patients. Of the 30 appendages, 15 (9
LAA, 3 RAA, both appendages in one case) demonstrated
filamentous deposits; 1 (LAA) nonfilamentous; and 14 (12
LAA, both appendages from 1) were mixed.

For each case, a representative paraffin block, containing
the atrial appendage tissue involved by amyloidosis, was
procured. Thick (10 µm) sections were stained with Congo
red, and areas of amyloid were laser microdissected. Mixed
cases underwent differential microdissection for each mor-
phologic amyloid type. Amyloid plaques then underwent
trypsin digestion and analysis on a Thermo Finningan LTQ
Orbitrap mass spectrometer (Thermo Electon, Bremen,
Germany) coupled to an Eksingent nonLC-2D HPLC sys-
tem (Eksigent, Dublin, CA, USA) as described previously
[12]. Resulting tandem mass spectra were matched to the
human UniProt protein sequence database using three dif-
ferent search engines [13]. Peptide matches were assembled
into protein identifications using Scaffold software [13].
Proteins with at least one confident (probability ≥ 0.9)
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unique peptide identification and more than five spectral
matches were considered for interpretation.

Ultrastructural analysis

Ultrastructural analysis was performed on two appendages
with amyloidosis (one LAA with filamentous; one LAA
with nonfilamentous deposits) from two different patients.
The areas of interest were extracted, deparaffinized, and
post-fixed in glutaraldehyde prior to plastic embedding,
sectioning, and evaluation.

Clinical features, preoperative and postoperative
atrial arrhythmias

A retrospective review of patient records was performed to
abstract salient clinical conditions, including the presence of
systemic hypertension, history of stroke/transient ischemic
attack (TIA), and coronary artery disease (CAD).

All available modalities of electrocardiogram (ECG),
including 12-lead ECG, 24-h Holter and real time ambu-
latory ECG monitors [earliest available through last follow-
up date (January 28, 2017)] were manually reviewed by an
electrophysiologist (either DP. or SJA.) blinded to amyloid
status of the cases.

Preoperative and post-Maze (>3 months after Maze)
atrial rhythm status for each patient was recorded as fol-
lows: sinus rhythm (SR) or atrial arrhythmia (AA) (namely
AF), typical or atypical atrial flutter (typAFL or atypAFL)

and atrial tachycardia (AT). When a patient presented with
episodes of different arrhythmias, each patient was cata-
loged with a rhythm status in the following preferential
order: AF > atypAFL > typAFL > AT. Patients with inde-
terminate atrial rhythm status due to paucity of data or
secondary to known reversible cause were excluded from
the statistical analysis.

Where available, the pattern of preoperative AF was
classified and recorded according to relevant guidelines
[10, 14, 15]. Paroxysmal AF was defined as recurrent (≥2)
AF episodes terminating spontaneously or with intervention
within 7 days of onset; when sustained beyond 7 days, AF
was designated as persistent. Long-standing AF patterns
(defined as sustained AF episode lasting >3 years) were
considered persistent AF. Patients with mixed episodes of
paroxysmal and persistent AF were labeled with the most
frequent presentation.

Survival analysis

Each patient’s vital status was checked through Accurint®
(LexisNexis®) on November 19, 2018. Date of death was
recorded for all deceased patients.

Statistical analysis

JMP 10.0.0 (SAS, Carey, North Carolina) and Graphpad
Prism version 8.0.2 (San Diego, California) software pro-
grams were used to analyze the data. Categorical variables

Fig. 1 Nonfilamentous and
filamentous types of atrial
amyloid. Nonfilamentous
amyloid exhibits a homogenous
and dense staining pattern on
both (a) hematoxylin & eosin
and (c) sulfated Alcian blue
staining; whereas filamentous
amyloid appears more thread-
like and darkly staining on (b)
hematoxylin & eosin and (d)
sulfated Alcian blue staining
(original magnification, ×200)
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are shown as numbers (n) and percentages (%). Continuous
variables are expressed as means ± SD, unless indicated
otherwise. Continuous variables were assessed on the basis
of ANOVA followed by the tail-Mann–Whitney test, and all
categorical variables were compared by χ2 analysis. A p
value of <0.05 was considered statistically significant.
Survival from the time of surgery was calculated using
Kaplan–Meier survival curves. Comparison of survival
curves was done with log-rank test. Cox proportional
hazards model was utilized to assess the effect of clinical
variables on survival.

Results

Cohort demographics and prevalence of amyloidosis

Three-hundred eighty-three atrial appendages (LAA from
267 patients, RAA from 40, and both appendages from 38)
were surgically resected from 345 patients (mean age ± SD,
69 ± 12 years; range, 26–92; 60% men) (Table 1 and

Fig. 2). Amyloid was present in 173 (45%) appendages
from 160 (46%) patients. In cases wherein only the LAA
was resected, amyloidosis was observed in 129 of 267
(48%) patients. Unilaterally resected RAAs were involved
in 10 (25%) cases. Bilateral resection revealed amyloid in
21 (55%) cases, including bilateral amyloid deposition in 13
(34%), isolated LAA involvement in 8 (21%), and isolated
RAA involvement in none.

Patients with amyloidosis had a higher average age at
resection compared with those without amyloid (74 ± 9
years vs. 65 ± 13 years; analysis of variance p < 0.0001);
with a linear relationship between age (by decade) and atrial
amyloidosis (p < 0.001). The youngest individual with
amyloid was 31-years-old, and had marked (grade 3) fila-
mentous deposition within her left atrium, coinciding with a
6.5-year-long history of AF.

Women were also more likely to have atrial appendages
involved by amyloidosis (multivariate p= 0.0161, adjusted
for age), and had a higher predilection for AANF-type
amyloid (Fig. 3). Although women were older than men at
the time of surgery (71 ± 11 vs. 68 ± 12, ANOVA p=

383 atrial appendages
from 345 patients (2010-2014)

173 (45%) appendages
stneitap)%64(061

210 (55%) appendages
185 (54%) patients

morphology?

amyloid?

158 (91%) appendages
146 (91 stneitap)%

1 (0.6%) appendage
1 patient                

14 (8%) appendages
stneitap)%8(31

Amyloid Typing by Mass Spectrometry-Based Proteomics (LC-MS/MS)

epyt-FNAA%001 epyt-RTTA%001

YES NO

mixed

14 cases 1 case 13 cases (differentially typed)

Fig. 2 Cohort and study
overview
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0.0085), amyloidosis was directly related to age irrespective
of patient sex (multivariate p < 0.0001, adjusted for sex)
(Fig. 4).

Histomorphological analysis

Histologic sections of 173 appendages from the 160 patients
with atrial amyloid, showed two distinct morphologies of
amyloid: filamentous and nonfilamentous (Fig. 5) (as con-
firmed by green birefringence of Congo red-stained tissue
under cross-polarized light). These morphologies were
observed in all patterns of deposition (e.g. interstitial, vas-
cular, or endocardial) and did not show morphology-
specific predilection. Filamentous amyloid deposits were
identified in 158 (91%) appendages from 146 of 160 (91%)
patients (both appendages in 12 patients, LAA in 124, and
RAA in 10). Isolated nonfilamentous deposits were seen in
a single (0.6%) appendage (LAA). A mixed pattern of both

filamentous and nonfilamentous amyloid was observed in
14 (8%) appendages from 13 (8%) patients (LAA in 12
patients and both appendages in 1 patient) (Fig. 6).

Vascular deposition of amyloid was prevalent and
observed nearly universally in those patients in which
amyloid was identified (157 of 160 (98%) cases), irre-
spective of type (Fig. 7). However, the deposits were rarely
obstructive (3 of the 157 with vascular amyloid; 2%).

Endocardial deposition was also commonly observed,
having been identified in 105 of 160 (66%) cases. However,
the deposition was diffuse and confluent in only one case.

Correlation of histomorphologies and amyloid type
by LC-MS/MS

When amyloid deposits were typed by LC-MS/MS, those
with filamentous morphology all represented atrial
natriuretic factor-type amyloid (AANF), and those with

Table 1 Association of atrial amyloidosis with demographics and clinical characteristics

Total
(n= 345)

Amyloid (−)
(n= 185)

Amyloid (+)
(n= 160)

p value Odd ratio (95%CI;
p value)

Demographic features

Age at
surgery, years

<0.0001a

Mean ± SD 69 ± 12 65 ± 13 74 ± 9

Range 26–92 26–89 31–92

Sex 0.0161b

Female 137 (40%) 59 (43%) 78 (57%)

Male 208 (60%) 126 (61%) 82 (39%)

BSA, m2 2.04 ± 0.29 2.085 ± 0.29 1.98 ± 0.28 0.4880c

BMI, kg/m2 29.78 ± 6.39 30.18 ± 6.53 29.33 ± 6.21 0.3251c

Clinical features

Stroke / TIA 0.0181 2.03 (1.1–3.7; 0.0196)d

Yes 54 (16%) 21 (39%) 33 (61%)

No 291 (84%) 164 (56%) 127 (44%)

Systemic
hypertension

0.0291 1.74 (1.1–2.9; 0.0300)

Yes 257 (74%) 129 (50%) 128 (50%)

No 88 (26%) 56 (64%) 32 (36%)

Coronary artery
disease

0.1036

Yes 253 (73%) 129 (51%) 124 (49%)

No 92 (27%) 56 (61%) 36 (39%)

BSA body surface area, BMI body mass index, TIA transient ischemic attack

Data are mean ± standard deviation or number (percentage)
aMultivariate model adjusted for sex
bMultivariate model adjusted for age at surgery
cMultivariate model adjusted for age at surgery and sex
dWhen adjusted for age at surgery using logistic regression analysis, correlation between amyloidosis and stroke/TIA was still significant (Odd
ratio, 2.7; 95% confidence interval, 1.5–5; p, 0.0013)
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nonfilamentous morphology all represented transthyretin-
type amyloid (ATTR) (χ2 p < 0.001).

Ultrastructural analysis

Regardless of their light microscopic morphology (fila-
mentous or nonfilamentous), amyloid deposits showed
7.5–10 nm non-branching fibrils typical of amyloid, with no
observed ultrastructural difference (Fig. 8).

Clinical features, preoperative, and post-Maze AAs

Surgical indications for the cohort are listed in Table 2. The
reasons for atrial appendage resection were either protection
from thromboembolism or incidental during cardio-
pulmonary bypass cannulation. Those patients for which the
atrial appendage was resected for thromboembolic protec-
tion were more likely to have amyloid than those under-
going incidental cannulation (51% vs. 27%, p= 0.0090).

Fifty-four (16%) of the 345 patients had a documented
history of stroke or TIA. Thirty-three (61%) of these had

amyloidosis (vs. 21 (39%) without) [χ2 p= 0.0181; odds
ratio (OR), 2.03; 95% confidence interval (CI), 1.1–3.7;
p= 0.0196]. When adjusted for age using logistic regres-
sion analysis, the correlation between amyloidosis and
stroke/TIA was still significant (OR, 2.7; 95% CI, 1.5–5;
p= 0.0013).

Amyloid was identified in 128 (74%) of the 257 patients
with a history of systemic hypertension (χ2 p= 0.0291;
OR= 2.3152). CAD was present in 253 (73%) patients, 124
(49%) of which had amyloidosis (χ2 p= 0.1036).

Preoperative AAs and amyloidosis

Preoperative rhythm status was available for 335 (97%)
patients. Of these, 42 (13%) were in SR, while 293 (87%)
had AA, including 271 (92%) with AF, 16 (6%) with
typAFL, and 6 (2%) with AT). Patients with amyloidosis
were more likely to have AA than SR (147 vs. 12,
respectively) compared with patients without amyloidosis
(146 vs. 30) (χ2 p= 0.0088; OR, 2.51; 95% CI, 1.2–5.1;
p= 0.0160) (Table 3).

Among 271 patients with preoperative AF, the pattern of
AF was known for 252 (93%); 178 (71%) had persistent/
long-term persistent AF, while 74 (29%) had paroxysmal
AF. Patients with amyloidosis were more likely to have
persistent/long-term persistent AF than paroxysmal AF (106
vs. 28, respectively), compared with patients without
amyloid (72 vs. 46, respectively) (χ2 p= 0.0017; OR, 2.41;
95% CI, 1.4–4.2; p= 0.0019). However, the pattern of
preoperative AF was statistically insignificant between
cases with filamentous versus nonfilamentous amyloidosis
(p= 0.2741).

The extent of amyloid deposition was more pronounced
in patients with a history of stroke/TIA than in those
without (unadjusted p= 0.0138; sex-adjusted p= 0.0067).
However, no statistically significant correlation was
observed between extent of amyloid deposition and pre-
operative arrhythmia status.

Post-Maze recurrence of AAs and amyloidosis

Among the total cohort of 345 patients, 247 (71.6%)
underwent a Maze procedure, including 34 cases of cut-and-
sew technique, 114 cryoablations, 94 radiofrequency abla-
tions, 3 cut-and-sew and cryoablation combined, and 2
cryoablation and radiofrequency ablation combined.

Post-surgical atrial rhythm data were available for 123
patients, >3 months after their operation (Table 3). AA was
more likely to recur in the amyloid-positive group (AA
recurrence vs. no recurrence, 45 vs. 12) compared with the
amyloid-negative group (AA recurrence vs. no recurrence,
37 vs. 29) (χ2 p= 0.0073; OR, 2.93; 95% CI, 1.3–6.5; p=
0.0083). Similar trends in AF recurrence; however, the

Fig. 3 Association of atrial amyloid with sex. AANF-type amyloid
was more common in women, while ATTR-type was more
common in men

Fig. 4 Association of type of atrial amyloid with age. A direct rela-
tionship exists between age and likelihood of amyloid deposition, for
both ATTR and AANF varieties
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statistical significance was lost after adjusting for age
and sex.

There was no statistically significant correlation between
the severity of amyloid deposition and >3 months post-
Maze recurrence of arrhythmias of any type.

Survival analysis

Three patients (of 345) were excluded from the survival
analysis, one due to unknown vital status, and two due to
perioperative death (defined as death within 2-week of the
surgery). Among the remaining 342 patients, the median

follow-up time was 2440 days [interquartile range (IQR):
1008] in the amyloid-negative group and 2402 days (IQR:
947) in the amyloid-positive group.

Cox proportional-hazards survival analysis adjusting for
age at surgery and sex of patient resulted in no survival
differences when analyzed as following: (a) amyloid posi-
tive vs. amyloid negative (p= 0.9635); (b) AANF vs.
amyloid-negative (p= 0.8463); (c) ATTR+Mixed vs.
amyloid-negative (p= 0.1935); and (d) AANF vs. ATTR+
Mixed (p= 0.0977). Age at surgery was the most sig-
nificant factor for predicting the survival.

There was no statistical correlation between the extent of
amyloid deposition and mortality (p > 0.05 for all).

Discussion

Historical background of atrial amyloidosis

Age-related (“senile”) cardiac amyloid was first described
by Soyka in 1876 [7]. A century elapsed before Westermark
et al. [16] showed that it includes two types of amyloid. The
first, isolated atrial amyloid (IAA), appears at an earlier age,
is limited to the atria, and has its major subunit protein
derived from α-ANF synthesized predominately by atrial
myocytes [17]. The second type, composed of ATTR
(transthyretin/prealbumin), has more notoriety due to its
widespread cardiac involvement and more overt clinical
manifestations.

Fig. 6 Mixed nonfilamentous and filamentous amyloid deposition. The
morphologic differences between the two forms of amyloid are readily
seen in deposits that reside adjacent to one another. Differential
microdissection showed the nonfilamentous amyloid (left) to type as
ATTR and the filamentous amyloid (right) to type as AANF

Fig. 5 Congo Red staining in
nonfilamentous and filamentous
amyloid. Both (a)
nonfilamentous and (b)
filamentous forms of amyloid
are congophilic upon Congo red
staining, and exhibit apple-green
birefringence (c nonfilamentous;
d filamentous) when viewed in
cross-polarized light
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In early studies, it was differentiated from IAA based on
the presence of the amino acid tryptophan using somewhat
nondiscriminatory methods [16]. Newer generation techni-
ques, such as LC-MS/MS, now enable us to proteomically
differentiate the two forms of amyloid with high accuracy
and precision—even when present in the same specimen.

There is an increasing appreciation for the importance of
detecting ATTR-type amyloid in patients, given that overall
survival is poor following the diagnosis, with a median
survival of only 3.6 years [18]. Importantly, however, new
classes of pharmaceuticals are available that help to stabilize
the protein and reduce all-cause mortality while improving
the quality of life [19, 20]. This puts enormous pressure on
clinicians and pathologists alike to not only identify amy-
loid but also to accurately determine its type so specific
therapy can be provided.

The significance of IAA (AANF-type amyloid) is less
clear. Recently, Bhakhri et al. [21] reported finding IAA in
~16% of surgically resected atrial appendages. Further, they
found increased perioperative death and lower 1-year sur-
vival in patients with immunohistochemically detected IAA
vs. those that had none.

The histomorphological and clinical differences between
the two amyloid types have not been systematically studied

in a routine surgical pathology setting. To our knowledge,
this is the first study to evaluate the microscopic differ-
entiation between the two amyloid types in surgically
resected atrial appendages, using definitive proteomic typ-
ing and to evaluate the prognostic significance of the find-
ings. Our results revealed four key observations.

AANF has specific histomorphology (unlike other cardiac
amyloids)

While trends have been described when assessing the
morphology and pattern of deposition of the different types
of cardiac amyloid, they have not proven specific enough
for diagnostic purposes. In the present study, the amyloid
identified in atrial appendages had one of two morphologic
patterns: “filamentous” and “nonfilamentous.” Importantly,
both varieties meet the morphological criteria to be called
amyloid, including staining characteristics (with Congo red
and SAB) and ultrastructural examination.

The morphologically distinct filamentous deposits of
AANF amyloid may be identified with confidence on rou-
tine H&E and SAB staining. For this reason, expensive
typing methodologies need not necessarily need to be
employed when only this pattern is identified.

Fig. 7 Vascular deposition of
nonfilamentous and filamentous
amyloid. Both (a)
nonfilamentous and (b)
filamentous forms of amyloid
showed vascular deposition. The
morphologic characteristics of
each hold true regardless of
deposition site

Fig. 8 Ultrastructural
characteristics of nonfilamentous
and filamentous amyloid. Both
(a) nonfilamentous and (b)
filamentous forms of amyloid
show identical ultrastructural
features, including 7.5–10 nm
non-branching fibrils,
characteristic of amyloid
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Table 2 Types of cardiac
surgeries during which atrial
appendages were resected

Types of cardiac surgery Total (n= 345) Amyloid (−) (n= 185) Amyloid (+) (n= 160)

AA surgery+Valve surgery 150 (44%) 74 (40%) 76 (47%)

Valve surgery only 56 (16%) 32 (17%) 24 (15%)

AA surgery+Valve surgery+
CABG

48 (14%) 23 (12%) 25 (15%)

AA surgery+CABG 25 (7%) 16 (9%) 9 (6%)

AA surgery only 24 (7%) 15 (8%) 9 (6%)

Valve surgery+ CABG 23 (7%) 12 (7%) 11 (7%)

CABG only 15 (4%) 11 (6%) 4 (3%)

Othera 4 (1%) 2 (1%) 2 (1%)

AA atrial arrhythmia or arrhythmia ablation, CABG coronary artery bypass graft
aThree patients underwent patent foramen ovale closure and one had papillary fibroelastoma resection

Table 3 Association of atrial
amyloidosis with preoperative
and post-Maze atrial
arrhythmia status

Total Amyloid (−)
(n= 185)

Amyloid (+)
(n= 160)

p value Odd ratio (95%
CI; p value)

Age- and sex-adjusted

p value OR (95%CI)

Preoperative

AA status (n= 335) 0.0088 2.51 (1.2–5.1;
0.0160)

0.0225 2.41 (1.3–5.1)

AAd 293 (87%) 146 (50%) 147 (50%)

SR 42 (13%) 30 (71%) 12 (29%)

AF status (n= 312) 0.0053 2.63 (1.3–5.3;
0.0076)

0.0175 2.40 (1.1–5.1)

AF 271 (87%) 132 (49%) 139 (51%)

SR 42 (13%) 30 (71%) 12 (29%)

AF pattern (n= 252e) 0.0017 2.41 (1.4–4.2;
0.0019)

0.0001 2.44 (1.3–4.4)a

Persistent 178 (71%) 72 (40%) 106 (60%)

Paroxysmal 74 (29%) 46 (62%) 28 (38%)

>3 months post-Maze recurrence of arrhythmia

AA recurrence in cases with pre-op AA (n= 123f) 0.0073 2.93 (1.3–6.5;
0.0083)

0.0380 2.51 (1.05–6.0)b

Yes 82 (67%) 37 (45%) 45 (55%)

No 41 (33%) 29 (71%) 12 (29%)

AF recurrence in cases with pre-op AF (n= 93g) 0.0020 3.86 (1.6–9.3;
0.0024)

0.1100 3.25 (1.3–8.0)c

Yes 52 (56%) 20 (38%) 32 (62%)

No 41 (44%) 29 (71%) 12 (29%)

AA atrial arrhythmia of any type, AF atrial fibrillation, pre-op preoperative, SR sinus rhythm
aFor persistent atrial fibrillation
bFor atrial arrhythmia recurrence
cFor atrial fibrillation recurrence
dOf 293 cases where preoperative atrial arrhythmias status was available, 271 cases had atrial fibrillation, 16
had typical atrial flutter and 6 cases had atrial tachycardia
eOf 271 cases with preoperative atrial fibrillation, pattern of atrial fibrillation was accessed/available in
252 cases
fThese 123 cases are those where Maze procedure was performed, and they had preoperative history of any
type of atrial arrhythmia. Please note 98 of total 345 did not have Maze or other arrhythmia related surgery;
appendages were removed during other surgeries such as CABG or MV surgery etc
gThese 93 cases are those where Maze procedure was performed AND they had preoperative history of atrial
fibrillation
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There are sex and site-specific trends to AANF deposition

AANF deposits more commonly in women than men and
more often in the left atrial appendage than the right. The
left-sided predilection of AANF is curious and may be
related to anatomic or physiologic factors. It is possible, for
instance, that left atrial myocytes have a greater endocrine
function (and thereby greater ability to produce ANF) than
right-sided atrial myocytes.

The likelihood of detecting amyloid is related in part to
which appendage is resected. Lower prevalences have been
reported when the RAA has been solely evaluated (16%)
[6]. Similarly, we observed a lower prevalence in RAA than
LAA, with nearly a 2:1 ratio of LAA amyloid to RAA
amyloid.

Amyloid is also more commonly found in women,
indicating that women appear to be more likely to develop
AANF-type amyloid than men (56% of women vs. 39%
men). The reason for this is not immediately apparent,
though some have proposed a sex-specific hormonal
mechanisms that may explain increased ANF production in
women [22]. These sex- and site-specific trends may assist
the surgical pathologist in recognizing samples at “high-
risk” for being involved by atrial amyloidosis.

AANF-type atrial amyloidosis is common and increases with
age

Incidental discovery of amyloid within surgically resected
atrial appendages is common, occurring in 46% of the
presented cohort. This is consistent with previously
reported literature, which also documented a prevalence
of 46% [5], in which both atrial appendages were studied.
The vast majority (>90%) of our cases represented
AANF-type amyloid. The likelihood of finding amyloid in
a surgically resected atrial appendage is also directly
proportional to the age of the patient from which it came.
Interestingly, we did identify a 31-year-old woman with
chronic AF with AANF-type amyloid, representing the
youngest patient reported with such. Notably, she did
have return of her AF following surgery.

Amyloid type is predictive of clinical course

The presence of amyloidosis—irrespective of type—within
surgically excised atrial appendages has relevant prognostic
implications. Such patients are more likely to have experi-
enced stroke or TIA, possibly related to their increased
likelihood of having an AA preoperatively. Postoperatively,
patients with atrial amyloid are more likely to experience
recurrence of their AA when compared with their non-
amyloid counterparts. Interestingly, the amount of amyloid

did not appear to correlate with pre or postoperative
arrhythmia status.

In terms of survival, individuals with AANF amyloid had
similar outcomes at 1 and 9 years when compared with
those individuals who did not have amyloid. This stands in
contradistinction to recently described poor postoperative
outcomes in those with IAA [21].

Study limitations

All patients included in our study underwent cardiac sur-
gery; hence, our study population was a specific subset of
patients with severe cardiac conditions requiring open heart
surgery. Results should be interpreted within this limited
patient population.

Conclusions

This study provides rational for the routine histological
evaluation of surgically resected atrial appendages in the
surgical laboratory. Amyloid is common within atrial
appendages, and its type has significant prognostic value.
Careful morphologic inspection can obviate the need for
expense typing of the relatively common finding of AANF-
type amyloidosis. Nevertheless, should the pathologist have
question as to whether ATTR-type amyloid is present,
typing is recommended owing to the type-specific therapies
now available to patients.
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