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Cardiac amyloidosis in the setting of systemic amyloidosis due to β2-microglobulin can occur in the setting of
long-term dialysis. It has been suggested that newer dialysis techniques may prevent or at least reduce the like-
lihood of this disorder occurring. Currently, the prevalence and incidence of dialysis-related cardiac β2-
microglobulin amyloidosis are unclear. The published literature regarding dialysis-related cardiac β2-
microglobulin amyloidosis (Aβ2M) was reviewed, and a new case of this disorder is reported. The cumulative
available data were analyzed for changing patient characteristics over time. Cardiac Aβ2Mwas previously a com-
mon condition in patients who had undergone dialysis for 9 or more years with traditional low-flow dialysis
membranes. Newer dialysis technologies reduce, but do not normalize, serum β2-microglobulin levels in chronic
dialysis patients. Newer dialysis technologies appear to reduce the risk of developing Aβ2M compared with tra-
ditional low-flow dialysis membranes. New cases of documented dialysis-related cardiac Aβ2M are uncommon.
Analysis of the cases of dialysis-related cardiac Aβ2M published over the last 3 decades reveals increasing dialysis
intervals over time. Thus, new cases of this disorder are typically associated with remote prior dialysis with low-
flow membranes. While initially, the majority of cases of dialysis-related cardiac Aβ2M were reported from
Europe and the United States, more recently, themajority of caseswere reported from Japan, where there is a rel-
atively large population of patients on very long-term dialysis. In addition, low-flow dialysis membranes con-
tinue to be used in many parts of the world, raising the potential for dialysis-related cardiac Aβ2M to be more
common in those countries. Dialysis-related osteoarticular Aβ2M appears to continue to occur in the setting of
chronic dialysis with the use of high-flow membranes. Dialysis-related cardiac Aβ2M is currently uncommon
and typically associated with the use of low-flow dialysis membranes. However, the condition could potentially
occur in the setting of long-term dialysis even with the use of high-flow membranes.
Summary: Dialysis-related cardiac β2-microglobulin amyloidosis frequently occurred in the past in patients who
had undergone dialysis for nine or more years. Currently, the condition is uncommon and typically associated
with remote prior dialysis with low-flow membranes. There is potential for this condition to continue to afflict
patients receiving chronic dialysis with newer dialysis technologies.

© 2019 Elsevier Inc. All rights reserved.
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Fig. 1.Amyloid cardiac valvulopathy due to Aβ2M. Depicted are histologic images from the
surgically resected mitral valve of a patient who had undergone 41 years of dialysis for
Alport syndrome. On hematoxylin and eosin staining (A), there were large nodules of
amorphous material which showed characteristic positive staining on Congo red stain
(B) characteristic of amyloid, with characteristic green birefringence upon the application
of plane polarized light (B inset).
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1. Introduction

β2-Microglobulin is a component of the human HLA class I major
histocompatibility complex [1]. After release of the complex from the
cell surface, β2-microglobulin dissociates from the complex and circu-
lates as a monomer with a molecular mass of 11,815 Da. β2-
microglobulin is normally metabolized in the kidneys, where it is
reabsorbed and degraded by proximal tubular cells. Thus, serum levels
of β2-microglobulin increase in the setting of renal failure and dialysis.
The increased levels of circulatingβ2-microglobulin result in the protein
depositing in the tissue as amyloid. Since the patients suffering from β2-
microglobulin amyloidosis (Aβ2M) are usually on dialysis, this form of
amyloidosis is often referred to as dialysis-related amyloidosis [2].
Deposition of Aβ2M in the setting of renal failure and dialysis usually
occurs in patients with wild-type β2-microglobulin gene sequences. In
addition to dialysis-related Aβ2M, there is a hereditary form of Aβ2M
in which mutations in the gene encoding β2-microglobulin result in a
protein with increased propensity to misfold and form amyloid [3].
This hereditary Aβ2M often occurs in the absence of chronic renal
disease and often in the setting of normal serum β2-microglobulin
protein levels.

1.1. Dialysis technology and serum β2-microglobulin levels

Formation of dialysis-related Aβ2M is thought to be related to the
serum levels of β2-microglobulin. In anuric dialysis patients, β2-
microglobulin is produced at a rate of 150–300mg/d [1]. The traditional
cuprophane and cellulose acetate low-flow dialysis membranes have
small pores and do not allow for the passage of β2-microglobulin. As a
result, serum levels of β2-microglobulin increase from the normal
level of 1–3 mg/L up to 20–50 mg/L or more in long-term dialysis pa-
tients [1]. The newer synthetic high-flow dialysis membranes allow
for the removal of β2-microglobulin. In patients undergoing long-term
dialysis with newer dialysis technologies, serum levels of β2-
microglobulin can be reduced to 6–20 mg/L, which is less than with
the older low-flow membranes but still well above the normal range
[1]. In 1997, the introduction of synthetic high-flowhemodialysismem-
branes coupled with the use of improved dialysate was reported to be
associated with an 80% decrease in osteoarticular Aβ2M [4]. However,
the β2-microglobulin production rate still exceeds the clearance rate
for any dialysis technology currently in use [5].

1.2. Distribution of Aβ2M deposition

One of the most frequent initial clinical manifestations of Aβ2M is
carpal tunnel syndrome due to amyloid deposition in the synovium of
the hands and wrists [6]. These patients may also develop arthralgias
of the shoulders, hips, and knees. Later, there may be formation of
juxta-articular bone cysts, which can cause pathologic fractures. With
time, both the spine and peripheral joints are often involved. Systemic
visceral involvement is less common and most often appears histologi-
cally as systemic vascular amyloid deposition. Such systemic involve-
ment typically occurs after 9 or more years of dialysis and is usually
subclinical. Based on autopsies, systemic visceral Aβ2Mmost commonly
involves the heart (80% of cases) and gastrointestinal tract (78%),
followed by the lungs (59%), liver (41%), and kidneys (33%), with less
frequent involvement of the spleen (5%) [7,8].

1.3. Cardiovascular Aβ2M

Between 1986 and 2001, approximately 50 autopsies identifying
dialysis-related Aβ2M involving the heart were reported [9–29]. Since
2001, much fewer cases of dialysis-related cardiac Aβ2M have been re-
ported, primarily from Japan [30–32]. Inmost of the published cases, the
amyloid was typed as Aβ2M using immunohistochemistry, but in a few
cases, immunoelectron microscopy [9] or immunofluorescence [10]
was employed. In autopsy series published between 1987 and 1997,
dialysis-related cardiac Aβ2M was identified in approximately two
thirds of patients who had undergone dialysis for 9 or more years [13,
18,19,23,27] but was not present in patients who had undergone dialy-
sis for less than 9 years [19,22,23,33].

In dialysis-related cardiac Aβ2M, the amyloid most commonly
involves small and medium-sized vessels within the myocardium.
Other sites of involvement in the heart include the endocardium,
subendocardium, myocardial interstitium, perivascular fibrous tissue,
atrioventricular node, and aortic and mitral valves [12,17,18,20,24,27,
29,31]. While the degree of cardiac involvement was often mild, diffuse
interstitial and nodular involvement has been reported [28], and some
cases demonstrated severe involvementwithmassive amounts of amy-
loid in the heart [16,30]. In dialysis-related cardiac Aβ2M, the amyloid
deposition may be greater in the atria than in the ventricles [29,30]. In
some cases, the cardiac amyloid was associated with or undergoing
calcification [16,21,29]. Calcification of cardiac amyloid deposits has
been seen with other forms of amyloid, and this calcification may
cause or contribute to the increased radionucleotide uptake by the
heart detected on modified-bone scans in some patients with cardiac
amyloidosis [34].

Inmost of the published cases, the dialysis-related cardiacAβ2Mwas
an incidental autopsy finding. However, severe atrial involvement has
been associated with atrial dilatation, and diffuse cardiac involvement



Fig. 2. Cardiac Aβ2M. Autopsy performed 2 years later on the patient from Fig. 1, after 43 years of dialysis, revealed extensive atrial endocardial amyloid (arrowheads) on hematoxylin and
eosin (A) and Congo red stains (B), some of whichwas associatedwith calcification. Therewas characteristic green birefringence of the amyloid on Congo red stain upon the application of
plane polarized light (B inset). There was also amyloid present in medium-sized vessels of the atria (B, arrow), in medium-sized vessels and perivascular tissue in the ventricles (C), and
focally in the epicardial coronary arteries (D).
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by Aβ2M has been associated with heart failure [28,30]. Another major
complication of dialysis-related cardiovascular Aβ2M occurs in the
bowel. Intestinal vascular involvement by Aβ2M can result in intestinal
ischemia, infarction, and perforation [23,26,28]. Such end-organ ische-
mia can also be caused by amyloid vasculopathy resulting from other
forms of systemic amyloidosis [35].

1.4. A contemporary case of dialysis-related Aβ2M

A71-year-oldmalewith end-stage renal disease secondary to Alport
syndrome died from pneumonia at Massachusetts General Hospital in
2011. The patient had undergone hemodialysis for 43 years, 3 times
per week, starting in 1968. The past medical history also included coro-
nary artery disease, peripheral artery disease, aortic stenosis, atrial fi-
brillation, secondary hyperparathyroidism, osteopenia, spinal stenosis,
esophageal stricture, nephrogenic systemic fibrosis, and seizure disor-
der. The patient's surgical history included a subtotal parathyroidec-
tomy at age 30, a failed renal transplant at age 33, and distal foot
amputation at age 69. Other surgical procedures included multiple hip
surgeries and spinal fusions, multiple carpal tunnel releases, esophageal
dilations, and a cholecystectomy.

At age 57, he sustained a pathological femoral neck fracture resulting
from an amyloid cyst due to dialysis-related Aβ2M. At age 62, an amy-
loid cyst was resected from the scalp. At age 66, he underwent an inci-
sion and drainage of the shoulder joint for removal of an abscess
adjacent to amyloid deposits. At age 69, he underwent mitral valve re-
placement for mixed mitral stenosis and regurgitation. The resected
valve was assessed histologically [36], which revealed prominent amy-
loid deposition and focal calcification (Fig. 1). Prior to the valve surgery,
he was diagnosed with New York Heart Association Class III heart
failure, which was felt to be diastolic in nature, and his symptoms
persisted after valve replacement. By echocardiography 2 months
prior to death, his left ventricular ejection fraction was 53%, which de-
creased to 38% 1 week prior to death.

At autopsy, amyloid was identified in blood vessels of multiple
organs including the lung, liver, spleen, esophagus, stomach, bowel,
kidneys, adrenal glands, and prostate. Amyloidomas were present
adjacent to the thyroid and esophagus. Amyloid was present in small
and medium-sized vessels and perivascular tissue in the ventricles
and atria of the heart and was focally present within the coronary
arteries (Fig. 2). Therewas prominent amyloid involvement of the atrial
endocardium, which was partially calcified. The amyloid in the left
ventricle was typed as Aβ2M by immunofluorescence (Fig. 3) as
described previously [37,38]. Additional findings at autopsy included
severe coronary artery disease, nephrogenic systemic fibrosis, end-
stage kidneys, and pneumonia, which was the immediate cause
of death.

1.5. The changing epidemiology of cardiac Aβ2M

While, initially in the mid 1980s, the majority of reports of cardiac
Aβ2M were from Europe and North America [9,10,12,13,15,33], after
1995, the majority of cases of cardiac Aβ2M were reported from Japan
[26–31]. One possible explanation for this change may be the differ-
ences in cultural views toward brain death and solid organ transplanta-
tion from deceased donors in Japan compared with Europe and North
America [39]. As a result, kidney transplantation, which can prevent
the deleterious effects of long-term dialysis, is not as common in Japan
as in Europe and North America, and subsequently, there are relatively
large numbers of patients in Japan on long-term dialysis. At the end of



Fig. 3. Typing cardiac Aβ2M by immunofluorescence. Fresh-frozen left ventricular myocardium from the patient in Fig. 2 was utilized to type the amyloid by immunofluorescence as
described previously [37,38]. Shown are histologic images with hematoxylin and eosin stain (A) and Congo red stain (B) showing vascular amyloid deposition, with characteristic
green birefringence upon the application of plane polarized light (B inset). Also shown are immunofluorescence stains forβ2-microglobulin (C), transthyretin (D), kappa immunoglobulin
light chain (E), and lambda immunoglobulin light chain (F). There was specific staining of the amyloid for β2-microglobulin.
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2012, therewere over 12,000 patients in Japanwhohad been on dialysis
for more than 25 years [40].

Eleven previously published autopsy cases of dialysis-related cardiac
Aβ2Mwith clearly defined dates of death and dialysis time frames were
identified in the literature [9,12,14–16,18,24,26,28,30]. Plots of the dial-
ysis time frame and date of death for these 11 cases and the current case
are shown in Fig. 4. All of these patients started dialysis before or during
1980, indicating at least some use of low-flow dialysis membranes. By
linear regression, there was a highly statistically significant correlation
between the duration of dialysis and the year of death, indicating that
cardiac Aβ2M is being seen in the setting of progressively longer dialysis
durations.

1.6. Contemporary development of cardiac Aβ2M

Considering that newer high-flowdialysisfilter technology results in
lower circulating β2-microglobulin levels compared with older low-
flow dialysis filters, an important question is whether cardiac Aβ2M is
still occurring. While high-flow dialysis membranes, which may help
to prevent the formation of dialysis-related Aβ2M, are now standard



Fig. 4. The changing epidemiology of cardiac Aβ2M. (A) Bar graph depicting dialysis
interval and year of death for 12 patients with cardiac Aβ2M with clearly defined
dialysis time frames and years of death. The cases include 11 previously published cases
[9,12,14–16,18,24,26,28,30] and the current case (bottom). The time frame for the
dialysis for each patient is represented by the bar with the year of death indicated on
the y-axis. Cases from the United States and Europe are indicated in black, and cases
from Japan are indicated in red. All of these patients had started dialysis before or during
1980. The majority of cases with dates of death prior to 1990 are from the United States
and Europe, while the majority of cases with dates of death after 1990 are from Japan.
(B) A plot of the relationship between dialysis relation and year of death shows a marked
positive correlation (Pb.00001) by linear regression indicating progressively longer dialy-
sis intervals over time.
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in theUnited States and Europe, many countries continue to utilize low-
flow dialysis membranes [41–44]. Thus, in assessing a patient's risk for
dialysis-related Aβ2M, it is important to consider not only the length
of the dialysis period but also the country inwhich the dialysis occurred
and the types of dialysis filters utilized.

Since even the newer high-flow dialysis filters reduce but do not
completely normalize serum β2-microglobulin levels in dialysis pa-
tients, is dialysis-related cardiac Aβ2M still occurringwith the newer di-
alysis filter technologies? These newer dialysis membranes might delay
the onset of Aβ2M deposition but not entirely prevent it [45,46]. How-
ever, multiple recent large surgical pathology series from Europe and
North America, which totaled over 1000 visceral organ biopsies with
amyloid primarily involving heart, kidney, and gastrointestinal tract,
together reported no cases of Aβ2M [37,38,47–54]. This would suggest
that new development of systemic Aβ2M is either not occurring in
these geographic regions or is at most very rare and/or largely subclin-
ical. However, many of these studies utilized immunohistochemistry for
typing the amyloid without inclusion of antibodies to β2-microglobulin
in the antibody panel. Such practice has been reported to result in the
misclassification of amyloid that is in fact Aβ2M [55].

Some recent studies, primarily from Japan, have suggested that
Aβ2M is continuing to afflict patients even with the use of modern dial-
ysis technologies. In long-term dialysis patients, continued improve-
ments in dialysis technologies have reduced, but not eliminated, the
burden of carpal tunnel syndrome, which is a clinical surrogate for
Aβ2M [56]. In a recent study from Japan, Aβ2M was identified in surgi-
cally resected intervertebral disk tissue from patients who had under-
gone long-term dialysis with high-flow membranes [57]. In a cardiac
imaging study from Japan, serum β2-microglobulin levels indepen-
dently correlated with left ventricular hypertrophy by echocardiogra-
phy [58], although it is not known if the hypertrophy in these patients
was actually due to Aβ2M deposition in the heart. In another recent
study from Japan, Aβ2M was detected in 71% of calcified aortic valves
obtained as either surgical specimens or autopsies [59]; however, the
years during which the patients received dialysis and the types of dial-
ysis membranes utilized were not specified. It has long been recognized
that focal amyloid deposits are present in calcified valves even in the ab-
sence of dialysis; in a previous study from Germany, this “dystrophic”
amyloid was attributed to apolipoprotein A-I [60]. Overall, these studies
indicate that in patients currently on long-term dialysis with high-flow
membranes, Aβ2M is likely depositing in the osteoarticular tissue and
potentially in the heart as well.

2. Conclusions

Cardiac Aβ2M was previously a common condition in patients
who had undergone dialysis for 9 or more years with traditional low-
flow dialysis membranes. Newer dialysis technologies reduce, but do
not normalize, serum β2-microglobulin levels in chronic dialysis
patients. The newer dialysis technologies appear to reduce the risk of
developing Aβ2M compared with traditional low-flow dialysis mem-
branes. New cases of documented cardiac Aβ2M are uncommon and
are associated with increasing dialysis intervals, consistent with remote
prior dialysis with low-flowmembranes. Low-flow dialysis membranes
continue to be used in many parts of the world, raising the potential for
dialysis-related cardiac Aβ2M to be more common in those countries.
Dialysis-related osteoarticular Aβ2M and potentially cardiac Aβ2M
appear to occur in the setting of chronic dialysis even with the use of
high-flow membranes.
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