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Abstract
The aim of the study is to evaluate the clinicopathological features of cholecystic ATTR deposition in patients with cardiac
involvement, investigate the correlation of amyloid deposition severity in the gallbladder and the heart, and compare its
prevalence in the gallbladder and other organs. Fifty patients with sporadic ATTR amyloidosis were identi�ed. Of these, we
evaluated 15 patients who underwent gallbladder sampling accurately. Among 10 patients (67%) with cholecystic deposition, six
exhibited detectable deposition in the hematoxylin and eosin-stained specimens, and all of them displayed obstructive vascular
deposition (VD). The severity of gall bladder VD was statistically correlated with that of cardiac VD and atrial interstitial
deposition (ID). Additionally, all patients exhibiting cholecystic ID displayed severe ventricular and atrial IDs. In visceral organs
excluding the heart, amyloid deposition was commonly observed in the lungs (93%), followed by the gastrointestinal tract (47%‒
80%), liver (60%), and periosteal tissues (53%). The involvement of gallbladder was prevalent and comparable to that of the
gastrointestinal tract. Moreover, the severity of cholecystic deposition was correlated with that of cardiac deposition. Therefore,
pathologists should be aware that sporadic ATTR amyloidosis is a common condition and should not be overlooked.

Introduction
Transthyretin (ATTR) amyloidosis is one of the major causes of cardiac amyloidosis (CA), which is the leading cause of death in
patients with systemic amyloidosis1,2. ATTR amyloidosis can be hereditary or wild-type (ATTRwt). The frequency of the latter
form, previously called senile systemic amyloidosis increases with aging1–3. Recently, the e�cacy of tafamidis for ATTR CA was
con�rmed, making the disease a treatable condition4. Because this drug is expected to have greater bene�t when administered
early in the disease course, diagnosis of ATTR amyloidosis at an early stage has become an important issue.

Gallstones are one of the most common abdominal conditions requiring hospitalization in developed countries5. Since the
frequency of gallstones increases with age, the number of cholecystectomy is expected to increase with the increase in the
elderly population, owing to greater life expectancies in recent years5. Moreover, because of advances in surgical techniques and
perioperative care, the use of cholecystectomy is increasing in older adults6. Therefore, because the frequency of sporadic ATTR
amyloidosis, including ATTRwt and very late-onset hereditary ATTR, increases with age and it can affect systemic organs7,8, the
frequency of the incidental discovery of ATTR deposition in cholecystectomy specimens should be increasing. However,
cholecystic involvement in systemic amyloidosis, including ATTR amyloidosis, is considered extremely rare, and only a few
cases have been reported9–15. As these reports contain only one or a small number of cases, the frequency and
clinicopathological features of sporadic cholecystic ATTR deposition remain unclear. Moreover, since there is an association
between the frequency of ATTR deposition in the adipose tissue and the severity of ATTR CA8, there may be an association in
the severity between the heart and other organs including the gallbladder.

We previously performed histochemistry and immunohistochemistry to detect clinically undiagnosed diseases including ATTR
CA and neurodegenerative diseases without case selection in serial forensic autopsy-based cases, including several healthy or
asymptomatic participants8,16,17. Such an analysis is useful for examining the clinicopathological features and incidence of
clinically undiagnosed diseases. In addition, these patients were considered potentially suitable for cholecystectomy because no
individual was in a bedridden state and all had reasonable physical functioning in daily life at the time of death. Furthermore, for
the same reason, such patients may have been good candidates for tafamidis therapy. To the best of our knowledge, no studies
have evaluated cholecystic ATTR deposition in such patients.

In this study, 15 forensic autopsy cases aged 70 years or older with clinically undiagnosed ATTR CA were used to evaluate the
frequency and clinicopathological features of sporadic cholecystic ATTR deposition. In addition, we compared the prevalence of
amyloid deposition between the gallbladder and several organs subjected to biopsy to diagnose amyloidosis, including the
lungs, liver, kidneys, gastrointestinal (GI) tract, bone marrow (BM), and periosteal tissues18.

Results
Clinical pro�les and demographics
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In total, 50 patients of sporadic ATTR CA were identi�ed (2.7% of all patients, 6.2% of these were of age ≥ 70 years). No patient
had a familial history of polyneuropathy or systemic amyloidosis. In addition, no patient had been clinically diagnosed with CA.
Among the 50 patients, the gallbladder was correctly sampled in 16 patients. Of these, one patient who died from burns and who
exhibited signi�cantly decreased congophilia was excluded from the evaluation. The patients’ clinical features are summarized
in Table 1. All patients were at least 70 years old, and the mean patient age was 87.5 ± 6.2 years (range, 78–97; median, 87). The
male-to-female ratio was 6:9. In 6 of 15 patients, the cause of death was considered CA (40%). Of these six patients, four (67%)
had signs of CA including edema or chronic heart failure. The detailed pathological �ndings of the heart in Cases 1‒10 were
reported previously.8

Table 1
Clinical summary of the patients and the histopathological �ndings in the gallbladder and heart

No Age Sex Manner/Cause

of death

Complications Gallbladder   Heart

HE (V/I) CR
(V/I)

  Ventricle Atrium Vessel

1 80 M Nat/tumor N/A inde�nite/inde�nite 0/0   2+ 2+ 0

2 80 M Acci/tra�c HT inde�nite/inde�nite 1+/0   2+ 1+ 1+

3 97 F Nat/CA HT, Edema detectable/inde�nite 2+/+   3+ 3+ 2+

4 84 F Acci/Bleeding CRF inde�nite/inde�nite 1+/0   1+ 2+ 1+

5 85 M Acci/hypothermia DM detectable/inde�nite 2+/0   0 0 2+

6 87 M Nat/CA HT, CHF inde�nite/inde�nite 1+/+   3+ 3+ 1+

7 85 F Sui/Drowning HL, HT inde�nite/inde�nite 0/0   1+ 1+ 0

8 94 F Nat/CA AP, HT, CHF detectable/inde�nite 2+/+   3+ 3+ 2+

9 96 F Acci/fall HL, HT detectable/inde�nite 2+/+   1+ 3+ 2+

10 81 F Nat/CA DM, HL inde�nite/inde�nite 0/0   1+ 2+ 0

11 90 F Acci/hypothermia None detectable/inde�nite 2+/0   2+ 2+ 1+

12 89 M Acci/drowning None inde�nite/inde�nite 1+/0   2+ 2+ 1+

13 78 M Nat/CA CRF, DM,
edema

inde�nite/inde�nite 0/0   2+ 2+ 0

14 90 F Acci/drowning HT inde�nite/inde�nite 0/0   1+ 1+ 0

15 97 F Nat/CA None detectable/inde�nite 2+/+   3+ 3+ 1+

Abbreviations: Acci, accidental death; AP, angina pectoris; CA, cardiac amyloidosis; CHF, chronic heart failure; CR, Congo red;
CRF, chronic renal failure; DM, diabetes mellitus; F, female; HE, hematoxylin and eosin; HL, hyperlipidemia; HT, hypertension;
M, male; N/A, not available; Nat, natural death; Sui, suicide; V/I, vascular/interstitial deposition

 
Histopathological Findings In The Gallbladder And Heart

Among 15 patients with ATTR CA, 10 patients (67%) displayed cholecystic ATTR deposition. Of these patients, amyloid deposits
were detectable in HE-stained specimens in six patients (detectable group). The deposits were mainly observed on the vessels,
and all patients exhibiting obstructive VD had detectable amyloid deposition in HE-stained specimens (Fig. 3A; P < 0.01). In
addition, obstructive VD in the heart was identi�ed only in the detectable group (Fig. 3B; P = 0.011). However, although the
incidence of severe ventricular ID was higher in the detectable group than in the inde�nite group (50% vs. 11%, respectively),
these differences did not reach statistical signi�cance (Fig. 3C; P = 0.23). By contrast, the incidence of severe atrial ID was
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signi�cantly higher in the detectable group (Fig. 3D, P = 0.023). No signi�cant differences in the pathological �ndings, such as
mucosal necrosis and severity of in�ammatory change, were identi�ed between the cases with and without obstructive VD.

Cholecystic ID was identi�ed in �ve patients (cholecystic ID-positive group), whereas the remaining 10 patients comprised the
cholecystic ID-negative group. Four of �ve with cholecystic ID were in the detectable group. However, because ID foci were small
and faint, none could be identi�ed in HE-stained specimens. Severe cardiac ID was identi�ed only in the cholecystic ID-positive
group in both the ventricle and atrium (Fig. 3E, F, P < 0.01). However, although the incidence of death from CA was higher in the
cholecystic ID-positive group than in the cholecystic ID-negative group (80% vs. 20%), these differences did not reach statistical
signi�cance (P = 0.09).

Histopathological Findings In Visceral Organs Other Than The Heart

The results of the histopathological observation are presented in Table 2. Amyloid deposition was most frequently observed in
the lungs (93%), followed by the intestine (80%), liver (60%), colon (54%), esophagus (53%), periosteal tissues (53%), and
stomach (47%). The mean prevalence in the GI tract was 57% (30/53 specimens). In the periosteal tissues, amyloid deposition
was most frequently observed in connective tissue other than ligaments (47%). Conversely, renal involvement was identi�ed only
in one patient (7%). Amyloid deposition was limited to vessels in the liver and kidneys, and VD was predominant in the GI tract.
Meanwhile, ID was predominant in the lungs and periosteal tissues. No amyloid deposition was identi�ed in the BM stroma.
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Table 2
Prevalence of ATTR amyloid deposition in other visceral organs other than the heart

Case Lung

(V/I)

Liver

(V/I)

Kidney

(V/I)

Gastrointestinal tracts (V/I)   Bone

Esophagus Stomach Intestine Colon   BM stroma
(V/I)

POT (V/L/C)

1 1+/+ 0/0 0/0 0/0 0/+ N/A N/A   0/0 0/0/+

2 0/+ 1+/0 0/0 0/0 0/0 1+/0 0/0   0/0 0/0/0

3 1+/+ 2+/0 1+/0 2+/+ 1+/+ 2+/+ 2+/+   0/0 1+/+/+

4 1+/+ 0/0 0/0 1+/0 1+/0 1+/+ 1+/0   0/0 0/0/0

5 0/+ 1+/0 0/0 1+/0 0/0 1+/0 2+/0   0/0 2+/0/+

6 1+/+ 1+/0 0/0 1+/0 0/0 1+/0 N/A   0/0 1+/+/+

7 0/+ 0/0 0/0 0/0 0/0 0/0 0/0   0/0 0/0/0

8 1+/+ 2+/0 0/0 2+/+ 2+/+ 1+/0 1+/0   0/0 1+/0/+

9 1+/0 1+/0 0/0 1+/0 1+/0 2+/0 1+/0   0/0 0/+/0

10 0/+ 0/0 0/0 0/0 0/0 0/0 0/0   0/0 0/0/0

11 1+/+ 1+/0 0/0 1+/0 1+/0 2+/+ 2+/0   0/0 0/0/0

12 1+/+ 1+/0 0/0 0/0 0/0 N/A 0/0   0/0 0/0/0

13 0/+ 0/0 0/0 0/0 0/0 N/A 0/0   0/0 0/+/+

14 0/0 0/0 0/0 0/0 0/0 N/A 0/0   0/0 0/0/0

15 1+/+ 1+/0 0/0 2+/0 1+/0 N/A 2+/0   0/0 1+/+/+

PR (All
[%])

(V/I
[%])

14/15
(93)

(60/87)

9/15
(60)

(60/0)

1/15
(7)

(7/0)

8/15 (53)

(53/13)

7/15
(47)

(40/20)

8/10
(80)

(80/30)

7/13
(54)

(54/8)

  0/15 (0)

(0/0)

8/15 (53)

(33/33/47)*

Abbreviations: BM, bone marrow; N/A, not available; POT, periosteal tissues; PR, positive rate; V/I, vessel/interstitium; V/L/C,
vessel/ligament/connective tissue other than ligaments

* Positive rate in the vessel/tendon/connective tissue other than ligaments

 

Discussion
In this study, we clearly found that two-thirds of patients with clinically undiagnosed sporadic ATTR CA exhibited cholecystic
involvement. This result is consistent with a previous autopsy-based study (3/4 cases, 75%)15. The prevalence of sporadic ATTR
deposition among patients ≥ 80 years old has been reported as approximately 9–12% in Japan8,15,19 and 20–25% in Western
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countries20–22. Therefore, it is estimated that sporadic ATTR deposition is present in approximately 6–8% and 13–17% of
cholecystectomy materials obtained from patients older than 80 years in Japan and Western countries, respectively. Thus, it
should be noted that cholecystic ATTR deposition may not be rare in elderly patients, and most instances of deposition might
have been overlooked.

This study clearly demonstrated that the severity of ATTR deposition in the gallbladder is correlated with that in the heart.
Therefore, we considered that the severity of ATTR deposition in the heart could be predicted from the amount of deposition in
the organs other than the heart. In particular, the presence of cholecystic ID was indicative of severe cardiac involvement. Of
note, most patients with cholecystic ID exhibited obstructive VD that was easily identi�ed in HE-stained specimens. In addition,
in the gallbladder, ATTR deposits were mainly observed on the vessels. Thus, to ensure that latent cholecystic ATTR deposition is
not overlooked, careful observation of the vessels appears important9.

Conversely, we could not identify most instances of non-obstructive VD using HE-stained specimens. This may be related to the
fact that gallbladder specimens are prone to degeneration because of autolysis and in�ammation, which make it di�cult to
observe the tissue architecture. In addition, histopathological diagnoses in the gallbladder are generally made using only HE
staining unless cancer or another speci�c disease is clinically suspected. Thus, latent ATTR deposition could be easily missed.
This may one reason why cholecystic involvement in systemic amyloidosis is considered rare9–14. Although the severity of
cardiac involvement in patients with only non-obstructive VD is considered mild to moderate, the presence of sporadic ATTR
deposition in the heart, regardless of its amount, might be a risk factor for sudden cardiac death8. Thus, we recommend CR
staining to evaluate the presence or absence of amyloid deposition in cholecystectomy specimens obtained from patients aged
80 years or older, especially those with signs of sporadic ATTR amyloidosis including edema, heart failure, arrhythmia
(especially atrial �brillation), and carpal tunnel syndrome (CTS)1,2,23,24. Moreover, we should assess whether cholecystic ATTR
deposition is associated with the increased postoperative mortality after cholecystectomy.

According to the aforementioned correlation in the severity of deposition between the gallbladder and heart, patients with only
non-obstructive VD are considered to have early-stage CA. Recently, the e�cacy of tafamidis against cardiac ATTR amyloidosis
was con�rmed, making the disease treatable4. This drug is expected to have greater bene�t when administered early in the
disease course. Therefore, these patients are considered good candidates for treatment with tafamidis because their physical
condition and cardiac function were considered su�cient to permit cholecystectomy4. However, tafamidis is one of the most
expensive cardiovascular drugs to reach the market, and it may be impractical to provide this treatment to all patients with
cardiac ATTR amyloidosis25,26. Therefore, we should discuss the future management of ATTR amyloidosis that is incidentally
detected in surgical specimens including samples from cholecystectomy.

The prevalence of amyloid deposition in several organs in this study was consistent with previous �ndings15,27,28. The
prevalence of cholecystic involvement was comparable with that in the GI tract, perhaps because both have similar tissue
architecture. Contrarily, renal involvement was rare, and no glomerular and interstitial involvement was identi�ed. Therefore,
although Sekijima et al. reported that renal dysfunction is a common clinical �nding in patients with ATTRwt amyloidosis in a
nationwide survey in Japan29, direct deposition of ATTR �brils in the kidneys might not be the major cause of symptoms.
Meanwhile, no amyloid deposition was identi�ed in the BM stroma. Taken together with previous �ndings28, the presence of
amyloid deposition in the BM stroma may be a diagnostic clue for immunoglobulin light chain amyloidosis.

Ligament involvement is extremely common in ATTRwt amyloidosis23,24,30,31. In particular, CTS has been reported as the most
common initial symptom, and patients may present with symptoms of CTS 5–15 years prior to cardiac impairment23. However,
only one-third of patients with ATTR CA exhibited ligament involvement in this study. There are two possibilities for this
discrepancy. First, some ligaments are more prone to ATTR amyloid deposition, similarly as the susceptibility to deposition
varies by organ18,32. The second possibility is that ATTR deposition is affected by the presence or absence of degeneration and
in�ammation. Because previous reports evaluated surgical materials obtained from symptomatic sites, degeneration and
in�ammation should be present24,30,31. Conversely, we evaluated the ligaments with no observed in�ammation and
degeneration, and thus, amyloid deposition might have been missed.
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In addition to a certain level of bias in our study population, this study was also limited by the lack of clinical information for
some patients including the presence or absence of CTS or spinal stenosis, mainly because of the lack of severe clinical
symptoms. Moreover, we could not perform TTR gene testing and prevent the inclusion of patients with elderly-onset hereditary
ATTR amyloidosis6. Therefore, we described the cases as sporadic ATTR amyloidosis. Furthermore, because cholecystic
specimens obtained at autopsy are degenerated in almost all cases and these specimens are often of no macroscopic
pathological signi�cance, they are not regularly sampled in our department, and we could evaluate them in 15 of 50 patients.

In summary, we demonstrated that sporadic ATTR amyloidosis frequently involves the gallbladder, and the severity of
cholecystic amyloid deposition is correlated with that of the heart. Because ATTR deposition in the gallbladder is often inde�nite
in HE-stained specimens, we recommend CR staining for cholecystectomy specimen obtained from elderly patients, especially
those aged 80 years or older with signs of CA. Because ATTR amyloidosis has become a treatable disease, clinicians and
pathologists must recognize the importance of accurate diagnosis, especially in the early stage. Pathologists should be aware
that sporadic ATTR amyloidosis is not a rare disease and evidence of its involvement that may be present within routine
pathological specimens.

Methods
Subjects

We reviewed the archives of all 2213 medicolegal autopsies in our department between 2008 and June 2020. Among these, we
evaluated the specimens from 1826 patients for whom all organs, including the brain, could be sampled. The clinical histories of
the patients were obtained from their families and the records of police examinations. When there was a history of a hospital
visit, the medical records were provided by the primary physician.

This study was approved by the Ethical Committee of Toyama University (I2020006) and was performed per the ethical
standards established in the 1964 Declaration of Helsinki and updated in 2008.
Pathological Examination

The methods of pathologic examination of hearts in our department were described in a previous report33. All specimens were
�xed in 20% buffered formalin and routinely embedded in para�n. Then, 4-µm-thick sections were cut, stained with hematoxylin
and eosin (HE), and subjected to immunohistochemistry. In addition, 6-µm-thick sections were cut and used for Congo red (CR)
staining. The screening and con�rmation methods of CA were described previously8. After the histopathological con�rmation,
immunohistochemical typing was performed using antibodies for transthyretin (EPR3219, 1:2000; Abcam plc, Cambridge, UK)8,
anti-kappa (H16-E, 1:500; DB Biotech, Kosice, Slovak Republic)34, and lambda light chains (polyclonal, 1:1000; Abcam plc).
Furthermore, if a medical history of hemodialysis or chronic in�ammatory diseases was present, immunohistochemistry using
β2-microglobulin antibodies (polyclonal, 1:3000; GeneTex) or amyloid A (mc1, 1:5000; Dako, Glostrup, Denmark), respectively,
was additionally performed. Retrieval of all antigens, excluding anti-amyloid A, was performed using 100% formic acid for 1 min.
Immunostaining was performed using the Leica Bond-IV automation and Leica Re�ne detection kits (Leica Biosystems,
Bannockburn, IL, USA), according to the manufacturer’s instructions. Subsequently, all sections were counterstained with
hematoxylin.

Histopathological Evaluation

We evaluated the extent of vascular (VD) and interstitial amyloid deposition (ID) semi-quantitatively by light microscopy using
specimens subjected to CR staining8,35. In the gallbladder, before evaluating CR-stained specimens, we evaluated whether the
deposition was recognizable on HE staining (detectable or inde�nite). In addition, the results of ATTR deposition in the
gallbladder and heart were also con�rmed using immunostaining for transthyretin. Additionally, if venous amyloid deposition
displayed weak congophilia was identi�ed in the GI tract, we performed immunohistochemistry for transthyretin to identify
epidermal growth factor-containing �bulin-like extracellular matrix protein 1-derived amyloid deposition36,37. The representative
�ndings in the gallbladder and heart are presented in Figs. 1 and 2, respectively. The severity of VD was graded as follows: 0,
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none; 1+, non-obstructive (< 75% reduction in the luminal cross-sectional area); and 2+, obstructive (≥ 75% reduction).
Meanwhile, ID, excluding the heart, was graded as follows: 0, none; and +, present. Additionally, ID in the heart was semi-
quantitatively graded as follows: 0, none; 1+, mild, focal (< 5% of the myocardial area); 2 + moderate, multifocal (≥ 5% but < 
50%); and 3+, severe, extensive (≥ 50%). Ventricular amyloid deposition was measured on both sides of ventricles and the
ventricular septum, and atrial amyloid deposition was measured at the atrial septum. Bone and the surrounding tissues were
sampled from the ribs, and periosteal tissues were subdivided into vessel, ligament, and connective tissues other than the
ligament, including muscle and fatty tissue. All histopathological grades were determined at the site at which the most amyloid
deposits were observed at ×100 magni�cation.

Statistical analysis

The relationships of the extent of cholecystic VD with those of ID and deposition in the heart were assessed using Fisher’s exact
test. Differences between groups were considered signi�cant at P < 0.05.

Abbreviations
ATTR, amyloid transthyretin; BM, bone marrow; CA, cardiac amyloidosis, CR, Congo red; CTS, carpal tunnel syndrome; GI,
gastrointestinal; ID, interstitial deposition; VD, vascular deposition
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Figure 1

Histopathological �ndings in the gallbladder. (A‒C) Non-obstructive vascular deposition (VD). (D‒F) obstructive VD. (G‒I)
Interstitial deposition. Samples were examined using hematoxylin and eosin (HE) staining (A, D, G), Congo red (CR) staining (B, E,
H), and immunohistochemistry (IHC) for transthyretin (C, F, I). Non-obstructive VD was inde�nite in the HE-stained specimen (A,
arrowhead), whereas obstructive VD was easily identi�ed in the HE-stained specimen (D, arrowhead). Interstitial deposition was
inde�nite in the HE-stained specimen (G, arrowhead). Scale bar = 100 (A‒F, I) and 200 μm (G, H).
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Figure 2

Histopathological grading in the heart. (A, B) Grade 1+, mild, focal (<5% of the myocardial area). (C, D) Grade 2+, moderate,
multifocal (≥5% but <50% of the myocardial area). (E, F) Grade 3+, severe, extensive (≥50% of myocardial area). Samples were
submitted to Congo red staining (A, C, E) or immunohistochemistry (IHC) for transthyretin (B, D, F). Scale bar = 500 μm (A‒F).
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Figure 3

The severity of amyloid deposition in the gallbladder and heart. (A, B), Cholecystic and cardiac vascular deposition (VD) grade in
the detectable and inde�nite groups (**p < 0.01, *p = 0.011). (C, D), Ventricular and atrial interstitial deposition (ID) grade in the
detectable and inde�nite groups (*p = 0.023). (E, F), Ventricular and atrial ID grade in the cholecystic ID-positive and cholecystic
ID-negative groups (**p < 0.01).


