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Abstract

We introduced criteria for the clinical diagnosis of dialysis-related amyloidosis (DRA) from the Amyloidosis Research
Group study supported by a Grant-in-Aid from the Ministry of Health, Labour and Welfare of Japan. DRA exhibits
various kinds of bone articular lesions, such as carpal tunnel syndrome, trigger finger, destructive
spondyloarthropathy, spinal canal stenosis, and joint pains. These bone articular lesions, excluding destructive
spondyloarthropathy, are observed in non-dialysis patients or dialysis patients without DRA. We carefully compared
these lesions between DRA and non-DRA patients and summarized the differences between them. The incidence
age, male to female ratio, and coincidence rate were distinct between these groups of patients. Biopsies from bone
articular lesions are invasive and burdensome for dialysis patients; therefore, a precise clinical diagnosis is required
for DRA. We discussed the validity and availability of our proposed criteria.
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Background
Dialysis-related amyloidosis (DRA) is a type of systemic
amyloidosis. Compared to the clinical features of other
types of systemic amyloidosis, such as immunoglobulin
light chain amyloidosis (AL) and inflammatory amyloid-
osis (AA) types, the clinical features of DRA are distinct
in terms of preferential amyloid deposition at multiple
bone articular lesions. Initially, carpal tunnel syndrome
(CTS) was reported as a common bone articular lesion
of DRA [1, 2]. Consequently, trigger finger (TF) [3], de-
structive spondyloarthropathy (DSA) [4, 5], spinal canal
stenosis (SCS) [6], and joint pains [7, 8] have been iden-
tified as bone articular lesions associated with DRA.
Fundamentally, the diagnosis of amyloidosis should be

determined via precise pathological examinations, in-
cluding Congo red staining, green color polarization,
and immunohistostaining with specific antibodies to the
precursor proteins. Tissue specimens obtained from the
gastrointestinal mucosa, kidney, liver, and heart are

typically available for histological examination in AA
and AL amyloidosis. Although the biopsy specimens
from bone articular lesions are indeed necessary for the
exact examination of DRA, compared with organ tissue
biopsies, biopsies from bone articular lesions are invasive
and technically difficult due to enclosed and narrow en-
vironments. Additionally, a biopsy from bone articular
lesions becomes burdensome for DRA patients. Surgical
tissues from bone articular lesions have been used limit-
edly for histological diagnosis in DRA.
In this review, we summarized the issues concerning

the diagnosis of DRA and introduced criteria for the
clinical diagnosis of DRA.

Criteria for the clinical diagnosis of DRA
In Japan, we have already proposed criteria for the clin-
ical diagnosis of dialysis-related amyloidosis (DRA) in
2010 from the Amyloidosis Research Group study sup-
ported by a Grant-in-Aid from the Ministry of Health,
Labour and Welfare of Japan [9].
We surveyed the prevalence of bone articular lesions

from dialysis patients with various vintage groups, ran-
ging from short to long. We asked three dialysis insti-
tutes to randomly select each 5 patients from 4 vintage
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groups, 0 to 5 years, 5 to 10 years, 10 to 15 years, and
greater than 15 years. All 60 cases were subject to medial
interviews for signs and symptoms concerning bone ar-
ticular lesions associated with DRA, and patients were
subject to X-rays of the spine and joints, including wrist,
shoulder, hip, and knee. The diagnosis of bone articular
lesions associated with DRA was clinically performed by
doctors based on patients’ complaints and bone X-rays.
Figure 1 presents the prevalent rates of DRA lesions.

Among them, multiple joints pain (48.3%) was the most
common. The rates of other lesions, such as CTS and
TF, were less than 25%.
Table 1 presents the proposed criteria. Five major find-

ings are proposed: two bone articular lesions, and three
minor findings. DSA and SCS were integrated into one
category, namely, dialysis spinal lesions, because they
were occasionally observed in the same lesions. We de-
fined cases with two or more major findings as definitive
cases and cases with one major finding plus one or more
minor findings as doubtful cases.
The following diseases were established as exclusion

criteria: rheumatoid arthritis, osteoarthritis joint, pyo-
genic arthritis, gout, pseudogout cervical or lumbar
spondylosis, and suppurative spondylitis.
Figure 2 revealed definitive and doubtful cases in 4

vintage groups: 0 to 5 years, 5 to 10 years, 10 to 15 years,
and greater than 15 years. According to the vintage
groups, definitive cases increased, representing 26.7% of
60 total cases. In contrast, 13.3% of the total cases were
doubtful. Interestingly, it has been reported that the
levels of pre-dialysis serum beta-2 microglobulin which
was a precursor protein of DRA were not significantly

associated with the odds ratio for CTS or the prevalence
of DRA [10, 11].

How to diagnose bone articular lesions observed in
dialysis patients
In daily medical practices, orthopedic examinations are
fundamental for the diagnosis of bone articular lesions.
First, we summarized the orthopedic criteria and
methods in the diagnosis of bone articular lesions asso-
ciated with DRA based on previously published articles.
Second, we compared the clinical differences of bone
articular lesions between patients with and without DRA
(Table 2).

CTS
A medical interview is a basic procedure for the diagno-
sis of carpal tunnel syndrome (CTS). American Academy
of Neurology (AAN) clinical diagnostic criteria [12]
noted that the following symptoms represent typical
findings: paraesthesia, pain, swelling, weakness or clum-
siness of the hand provoked or worsened by sleep, sus-
tained hand or arm position, repetitive action of the
hand or wrist that is mitigated by changing posture or
by shaking the hand; sensory deficit or hypotrophy of
the median innervated thenar muscle.
El Miedany et al. [13] reported that provocative tests,

such as Tinel’s, Phalen’s, reverse Phalen’s, and carpal
tunnel compression tests, were not highly sensitive or
specific tests for the diagnosis of CTS. The highest sen-
sitivity was 47% in Phalen’s test and the highest specifi-
city was 65% in Tinel’s test in patients diagnosed by
AAN criteria. Although the nerve conduction test assists

Fig. 1 The prevalence of each DRA-associated lesion in various dialysis vintage groups (n = 60)
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in the diagnosis of CTS, 31.5% of positive Phalen’s cases
and 23.6% of positive Tinel’s tests exhibited normal find-
ings in nerve conduction tests.
Ultrasonographic diagnosis is helpful for the diagnosis

of CTS; however, this technique cannot perfectly diag-
nose CTS. Kolovos et al. [14] measured the anteropos-
terior to transverse diameter of the median nerve inside
the canal and at its entrance by sonography. They

concluded that a gray zone existed in between patients
with CTS and healthy persons. Based on these com-
ments, sensitive and objective diagnosis methods are
lacking; thus, clinical diagnosis is the best method for
the diagnosis of CTS.
Compared with CTS in non-dialysis patients, the clin-

ical features of CTS associated with DRA are distinctive
based on the following points. The female ratio is dom-
inant in non-dialysis CTS. In contrast, the male to fe-
male ratio is approximately even in CTS-associated
DRA. Guan et al. [15] reported that the female ratio was
91.8% in 1360 cases with non-dialysis CTS. In contrast,
Hoshino et al. [16] reported that female ratios were
43.6% and 50.4% in a large Japanese dialysis cohort who
received carpal tunnel release operation for CTS in 1998
(n = 647) and 2010 (n = 2157), respectively. Another dis-
tinct point is the bilateral progression in dialysis CTS as
well as AL or AA amyloidosis [17]. Unilateral develop-
ment is common in non-dialysis CTS.
In terms of the gender difference and bilateral lesions,

CTS associated with DRA exhibits distinctive clinical
features compared with CTS without DRA (Table 1).

TF
Although the diagnostic criteria of trigger finger (TF)
have not been reported in previous articles and text-
books, only the criteria of clinical classification have
been reported. The severity of the trigger finger was
graded by Newport et al. [18]. They defined three clin-
ical grades of symptoms as follows. Grade I was consid-
ered a simple tenosynovitis with tenderness and pain but

Fig. 2 The diagnosis rates of DRA, definitive and doubtful cases in each dialysis vintage group

Table 1 Criteria for the clinical diagnosis of dialysis-related
amyloidosis

Major findings

1. Multiple joints pain

2. Carpal tunnel syndrome

3. Trigger finger

4. Dialysis spinal lesions (destructive spondyloarthropathy or spinal
canal stenosis)

5. Bone cyst

Minor findings

1. Bone fracture

2. Ischemic colitis

3. Other lesions: subcutaneous skin tumor, urolithiasis

Definitive case: patient with two or more major findings

Doubtful case: patient with one major finding plus one or more
accessory findings

Exclusion criteria

Osteoarthritis, rheumatoid arthritis, infectious arthritis, gout,
pseudogout

Lumbar or cervical spondylosis, pyogenic spondylitis
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without a palpable nodule or triggering. Grade II is char-
acterized by fingers with demonstrated tenderness, a
swelling or nodularity of the tendon, and occasional
catching or triggering. Grade III is the category with the
most severe symptoms, including all manifestations of
grade II as well as frequent catching, triggering, or lock-
ing. McKee et al. [19] reported that greater than half of
non-dialysis patients (52%) exhibited spontaneous reso-
lution without any surgical intervention. Spontaneous
resolution is rare in TF in dialysis patients. The coinci-
dence rates might not be negligible between CTS and
TF in dialysis patients (Table 1). Lin et al. [20] reported
that TF developed in 8.5% non-dialysis patients after a
carpal tunnel release operation. In our analysis of
long-term dialysis patients with DRA, 27.0% cases (n =
20 in total of 74 cases) exhibited a coincidence of CTS
and TF [21].

DSA
Kuntz et al. [22] first reported destructive spondyloar-
thropathy (DSA) as a new syndrome in dialysis patients
in 1984. They described the specific features as microbial
spondylitis, degenerative disc disease, and destructive
spondyloarthropathy of calcium pyrophosphate dihy-
drate deposition disease. They insisted radiologic signs
were essential for the diagnosis of DSA. The following
findings served as base findings: severe narrowing of the
intervertebral disc, erosions, and geodes of the adjacent
vertebral plates, and absence of significant osteophytosis.
The main lesions of DSA were highly mobile spine areas,
such as C5–7 and L3–5 [23], and DSA was reported in
approximately 20% of long-term dialysis patients [24,
25]. Chin et al. [26] divided the progression of DSA into
four grades based on the radiological findings of the
spines. Based on these results, the radiological examin-
ation can lead to a diagnosis of DSA and determine the
progression.
DSA is exclusively confirmed in dialysis patients, but

many types of spinal diseases exhibit clinical and radio-
logical similarities. Spinal osteoarthritis (degenerative
arthritis of the spine), infectious spondylitis, and psori-
atic arthritis should be distinguished from DSA. The dif-
ferentiation between spinal osteoarthritis and DSA is the

most important among these conditions because the
prevalence of spinal osteoarthritis is high in elderly pa-
tients. DSA exhibits a relatively low signal intensity on
both T1- and T2-weighted images [27, 28]. DSA does
not exhibit major osteophytosis in the lesion, whereas
spinal osteoarthritis is frequently associated with appar-
ent osteophytosis [26] (Fig. 3). These radiological points
are important in the differentiation between spinal
osteoarthritis and DSA.

SCS
Spinal canal stenosis (SCS) develops from spinal cord
compression due to the narrowing of the canal space.
Thickening of ligamentum flavum, protruded interverte-
bral discs, and bone spurs lead to a narrow canal.
Rheumatoid arthritis, trauma, and compression fracture
of vertebral bones occasionally induce SCS.
NASS guidelines [29] describe the definition of clinical

SCS as follows: patients with history and physical exam-
ination findings consistent with a degenerative spinal
cord. MRI is suggested as the most appropriate,
non-invasive test to confirm the presence of anatomic
narrowing of the spinal canal or the presence of nerve
root impingement.
DSA and SCS associated with DRA exhibit a delayed

appearance after CTS and TF in long-term hemodialysis
patients [21] (Table 1). In our analysis, dialysis vintage
values of patients with DSA and/or SCS versus that of
patients without DSA and/or SCS were 362.5 ± 133.4
months and 298.0 ± 127.8 months (p = 0.039), respect-
ively [21]. Among 30 cases with DSA and/or SCS, 23
cases (76.7%) had CTS and/or TF.

Bone cyst
Bone cysts are typically divided into three groups: uni-
cameral bone cyst, aneurysmal bone cyst, and traumatic
bone cyst. Unicameral bone cyst or simple bone cyst is a
benign, fluid-containing lesion. A simple cyst is fre-
quently observed on the metaphysis of long bones, such
as the proximal humerus or femur in children and ado-
lescents [30]. The etiology is unknown, but occasionally
unicameral bone cysts spontaneously disappear. An
aneurysmal bone cyst is an expansive hemorrhagic lesion

Table 2 Comparison of bone articular lesions between non-dialysis and dialysis patients

Non-dialysis patients Dialysis patients

CTS Female dominant Female and male ratio, even

Unilateral lesion, common Bilateral lesions, common

TF CTS and TF coincidence, less CTS and TF coincidence, more

DSA None Specifically found

SCS No relationship between CTS and TF Appearance after CTS and TF

BC Incident age, young Incident age, old

CTS, carpal tunnel syndrome; TF, trigger finger; DSA, destructive spondyloarthropathy; SCS, spinal canal stenosis; BC, bone cyst
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and exhibits walled multicystic lesions [31]. Seventy-five
to 90% of cases of traumatic bone cyst develop before
the age of 20. A traumatic bone cyst is a rare
non-epithelial-lined cyst found in the mandibular bone.
The true etiology is unclear, but the lesion is called a
traumatic cyst [32].
Almost all bone cysts found in long-term or older

hemodialysis patients are associated with beta
2-microglobulin amyloid deposition. Only a portion of
cysts is due to hyperparathyroidism. Proliferative synovial
tissues invade into bone tissues and form bone cysts via
amyloid deposition [33]. Sargent et al. [34] reported that
the prevalence of bone cysts was 36% in long-term dialysis
patients (n = 58). Frequently affected sites included the
phalanges, metacarpals, carpals, distal radius and ulna,
proximal humerus, femoral head or neck, and acetabula.
Fitzpatrick et al. [35] reported that multicystic tendency
was a feature of bone cysts associated with DRA (Fig. 4).
The incidence ages differ between non-dialysis bone cysts
and dialysis bone cysts (Table 1).

Multiple joints pain
Bardin et al. [36] reported that multiple joints pain de-
rived from DRA dramatically disappeared after kidney
transplantation. After kidney transplantation, the num-
ber of painful joint sites was significantly reduced from
15 to 72. Among multiple sites of joint pain, shoulder
pain was most common. Hoshino et al. [37] compared
the rates of multiple joints pain between DRA and
non-DRA patients. The rate was 63.6% in DRA patients,

whereas that in non-DRA patients was only 2.1%. Mul-
tiple joints pain is considered a specific feature of DRA.
MRI and ultrasound sonography indicated the thicken-

ing of intra-articular tendons and the increase in bursal
fluid in painful shoulder joints of dialysis patients [38–
40]. Amyloid deposition in synovial tissues may induce
intra-articular inflammation related to joint pain.

Other lesions of DRA
Pathological bone fractures have been documented as a
clinical finding of DRA [41, 42]. Major target lesions

Fig. 3 Destructive spondyloarthropathy (DSA) and spondylosis on cervical spines. Left. DSA on cervical spine. Vertebral bodies from C4 to C6
show degenerative changes and fusion without osteophytosis (arrow heads). Right. Spondylosis on cervical spine. Vertebral bodies from C4 to C6
show degenerative changes with osteophytosis (arrows) and narrowing disc space without fusion between C5 and C6

Fig. 4 Bone cysts on carpal bones and epiphyses on radial bone.
Multiple bone cysts are observed
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included hip joints and femoral necks. Bone cyst forma-
tion and inflammation around the joints were suspected
as the cause of pathological bone fracture due to DRA
[43, 44]. Walking disturbances are frequently noted in
patients with DRA because they suffered from knee and
shoulder joint pain [21]. The walking disturbance de-
rived from joint pain occasionally causes falls, and trau-
matic bone fractures may easily appear in dialysis
patients.
Ischemic colitis has been reported as a complication of

long-term dialysis patients. To date, a few reports de-
scribed that intestinal beta 2-microglobulin amyloid de-
position developed into ischemic colitis [45, 46]. A part
of ischemic colitis has been suspected an extra-articular
lesion associated with DRA. The subcutaneous amyloid
deposition has also been reported as an extra-articular
lesion associated with DRA [47–49]. Preferred depos-
ition sites include the gluteal and back regions. Subcuta-
neous amyloid depositions occasionally grow to a
large-sized mass; therefore, it is called an amyloid ball. It
has been rarely documented that beta 2-microglobulin
amyloidosis was involved in the formation of renal
stones in dialysis patients. Lysine-specific cleavage of
beta 2-microglobulin was extracted from amyloid stones
in dialysis patients [50–52].
Bone fracture, ischemic colitis, subcutaneous tumor,

and renal stone in dialysis patients are potential lesions
associated with DRA.

The necessity of criteria for a clinical diagnosis of DRA
We have discussed the difference in bone articular le-
sions between patients with or without DRA. DSA is a
specific lesion of DRA, and other bone articular lesions
have distinctive characteristics between the two groups
with and without DRA (Table 2). Of course, we cannot
perfectly differentiate both groups without pathological
evidence. Chikawa et al. [53] compared the rates of
amyloid deposition in operative specimens obtained
from the decompression surgery of the spinal canal in
DSA and SCS cases. The amyloid deposition rate was
100% in the DSA group, whereas the rate was decreased
to 66.7% in SCS cases without DSA. Based on these
facts, we believe that the criteria for the clinical diagno-
sis of DRA must be established based on a combination
method for multiple DRA lesions.

Validation of criteria for the clinical diagnosis of DRA
Validation with pathological examination should be per-
formed to ensure the adequacy of the criteria. As previ-
ously mentioned above, unfortunately, bone articular
lesion biopsy is invasive and harmful. A few reports de-
scribed the pathological diagnostic rate based on the sur-
gical specimens. Chary-Valckenaere [54] and Kessler
[55] reported that 68.3% and 62.0% of dialysis cases

exhibited amyloid deposits in the surgical specimens
from CTS. Jadoul et al. [56] studied the pathological rate
of amyloid detection from postmortem evaluation con-
cerning joint lesions. The amyloid deposition rates were
97% in sternoclavicular joints, 91% in knee joints, and
57% in shoulder joints. Based on these results, the clin-
ical diagnosis exclusively based on one bone articular le-
sion seems less precise; however, clinical diagnosis based
on two or more bone articular lesions promises in-
creased accuracy.

The availability of criteria for the clinical diagnosis of DRA
In the clinical setting, missing a DRA diagnosis repre-
sents a risk for dialysis patients. Severe cervical DSA
may lead to spinal damage upon intratracheal intub-
ation. Large bone cysts may cause bone fractures if falls
occur. Proposed criteria are useful for the safety control
of dialysis patients.
Hoshino et al. [37] evaluated the severity of

dialysis-related amyloidosis based on DRA findings.
They determined that DRA cases should exhibit at least
two findings from the following five DRA-related find-
ings: polyarthralgia, CTS, TF, DRA, or bone cysts. Based
on the scoring system presented in Table 3, they divided
the amyloid scores into 3 categories, mild (A-score 3–4),
moderate (5–7), and severe (8–10), based on SF-36v2
physical functioning score. The corresponding area
under the receiver-operating characteristics curve for
diagnosis of DRA was 0.9345 using a cut-off value of 4.
This result suggests that the clinical diagnostic criteria
for DRA are also available for severity scoring of DRA.

The treatments for DRA
Unfortunately, we have no curative medicine for DRA.
Prevention and early detection are important for DRA
treatments. The accumulation of beta 2-microglobulin
and inflammatory reaction in dialysis patients accelerate
the amyloid deposition [57], therefore highly biocompat-
ible and high-flux membranes have been recommended
for a decrease in the incidence of DRA [58]. The use of
ultrapure dialysate is also necessary as a preventive
intervention [59]. Compared to conventional
hemodialysis, hemodiafiltration and hemofiltration with
higher removal efficacy of beta 2-microglobulin can ef-
fectively inhibit the progression of DRA [59]. In Japan,

Table 3 Dialysis-related amyloidosis clinical scoring system

Component score

Polyarthralgia 3

Trigger finger 2

Carpal tunnel syndrome 2

Dialysis-related spondyloarthropathy 3

Total 10
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beta 2-microglobulin absorption column has been ap-
proved by the insurance system. This absorption treat-
ment is effective in particular for the joint pain relief
derived from DRA and leads to the improvement of ac-
tivity of daily life and sleeplessness [60]. Early kidney
transplantation can prevent the incidence of DRA or
ameliorate symptoms and sings associated with DRA,
while it cannot perfectly cure the once developed DRA
[61]. We would like everyone to use our clinical criteria
for the early detection and the early start of prevention.

Conclusions
We compared the characteristics of bone articular le-
sions between the two groups: patients with and without
DRA. Significant differences were confirmed between
them. Thus, bone articular lesions in dialysis patients
may suggest lesions associated with DRA. Unfortunately,
biopsies of bone articular lesions are not easy; thus, we
introduced criteria for the clinical diagnosis of DRA.
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