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HE TERM “amyloid” was coined by Mat-
thias Schileiden, a German botanist, in
1838 to describe a normal amylaceous constitu-
ent of plants. In 1854, Rudelf Virchow used the
term amyloid because the iodine-sulfuric acid
test indicated that the substance was similar to
cellulose.! The term “lardaceous disease” had
been used more than 60 years before by Anto-
ine Portal, a French physician, but was popular-
ized by Kar] Rokitansky in 1842, when he stated
that patients with tuberculosis or syphilis had
liver enlargement because of infiltration by a
gray, albuminous, gelatinous substance.’?
“Waxy” was used interchangeably with larda-
ceous in describing the distinctive substance.
However, it had been recognized as albuminous
rather than fatty by William Budd during the
1840s.% Johann Meckel reported that the larda-
ceous changes were present in the aorta, arter-
ies, and intestinal wall as well as the liver and
kidneys. This is the distribution of amyloid that
is now recognized as primary. Virchow, in a
lecture on April 17, 1858, stated, “Only when
we have discovered the means of isolating the
amyloid substance, shall we be able to come to
any definite conclusion with regard to its na-

ture."#

Although amyloidosis was described more
than 300 years ago, it was not until 1856 that
Wilks described a 51-year-old man with “larda-
ceous viscera” unrelated to syphilis, osteomyeli-
tis, other osseous disease, or tuberculosis. At
autopsy, the patient’s heart was enlarged and
his spleen was described as hard and larda-
ceous. The patient had experienced episodes of
dropsy for 8 years as well as lardaceous changes
in his kidney. This patient probably had primary
amyloidosis {AL).%

Amyloid seems to ke homogeneous and amor-
phous under the light microscope. The amor-
phous, hyalinlike appearance of amyloid is mis-
leading because it is a fibrous protein consisting
of rigid, Hinear, nonbranching, aggregated fibrils
7.5 to 10 nm wide and of indefinite length. Each
amyloid fibril consists of two to five filaments
and is arranged in an antiparallel or cross
B-pleated sheet configuration, This arrange-
ment is responsible for the staining and optical
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features of amyloid. The metachromatic stains
such as methyl violet or crystal violet produce
typical color changes in amyloid tissue. Congo
red is considered the most specific stain, which,
when viewed with a polarized light source,
produces apple-green birefringence.

The fibrils deposit extraceflularly, are in-
soluble, and generally resist proteolytic diges-
tion. They ultimately lead to disorganization of
tissue architecture and the loss of normal tissue
elements.

PATHOGENESIS AND CLASSIFICATION

Amyloid fibrils consist of various proteins
such as monoclonal x or A light chains in
primary amyloidosis (AA) protein A in second-
ary amyloidosis {AA), transthyretin {prealbu-
min) in familial or senile systemic amyloidosis,
or By-microglobulin {3,M) in dialysis-associated
amyloidosis {Tabie 1). All types of amyloid stain
positively with Congo red, thioflavin T, or the
metachromatic stains and contain amyloid P
component. A more complete nomenclature
and classification of amyloidosis have been pub-
lished.~!

Magnus-Levy™ postulated more than 60
years ago that Bence Jones protein and amyloid
were related. Osscrman et al¥ proposed in
Seminars in Hematology, vol 1, that Bence Jones
proteins were directly involved in the produc-
tion of amyloid and that these fight chains had a
greater affinity for certain tissues. In 1971,
Glenner et ail? showed that amyloid fibrils from
a patient with AL were virtually identical to the
variable portion of that patient’s monoclonal
light chain (Bence Jones protein).

The fibrils of AL consist of the N-terminal
amino acid residues of the variable portion of a
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Tabie 1. Systemic Amyloidasis:
immunohistochemical Identification

& . Longo  Kappa/ Transthyretin

' o Beel Lambda  Protein A B.M  (Preaibumin}
Tl + + - _
AA + - + - R
FMF + - + - -
AD + - - -
AF + - - - +.
S5A + - - -+

Abbreviations: FMF, familial Mediterranean fever; AD, diasty-
sis amyloidosis; AF, familial amyloidosis; SSA, senila systemic
amyioidosis.

monoclonal light chain. In AL the light-chain
class is more frequently A than x {2:1}, in
conirast to light-chain classes found in multiple
myeloma, in which this ratio is reversed. Inter-
estingly, all patients with Ay subgroup have AL.
Presumably, some light chains possess features
that render them amyloidogenic.

Primary amyloidosis can be divided into (1)
AL, and (2) AL with multiple myeloma on the
basis of the number of plasma cells in the bone
marrow, the amount of monoclonal {M-) pro-
tein in the serum and urine, and the presence or
absence of skeletal lesions. However, differen-
tiation on the basis of the presence or absence
of muitiple myeloma is frequently difficult and
indeed artificial because the two disorders are
both plasma cell proliferative processes with
much overlap. In addition, the amyloid fibrils
consist of the NH, terminal amino acid residues
of the variable portion of a monoclonal immuno-
globulin light chain in both AL and AL with
myeloma. The M-protein is a product of the
plasma celi, and both conditions represent a
clonal plasma cell proliferative process. Also,
the presence or absence of multiple myeloma
does pot influence survival during the first year
after diagnosis of AL Furthermore, therapy
for the two conditions is the same. Conse-
quently, it is preferable to consider both catego-
ries together as AL.

EPIDEMIOLOGY

The age- and sex-adjusted annual incidence
rate of AL in Olmsted County, Minnesota, was
determined to be .89 per 100,000 (8.9/million
person-years). Applying this rate to the US
population, we could expect approximately 2,225
new cases annually. The age-adjusted rate for
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males was more than twice that for females.”
Although the age- and sex-adjusted incidence
rates were slightly higher from 1970 through
1989 than from 1950 through 1969, there was no
significant increase over time.

MATERIALS AND METHODS

Al Mayo Clinic records reporting a histologi-
cal diagnosis of amyloidosis from Jamnary 1,
1981, through December 31, 1992, were te-
viewed and the data abstracted on sheets suit-
able for keypunching. The data for multiple
visits were recorded on separate sheets. Searches
for keypunching and abstracting errors were
conducted by computer. Cases without a defi-
nite histological diagnosis of amyloidosis were
excluded, as were cases of AA, localized amyloi-
dosis, or familial or senile amyloidosis.

All laboratory data were obtained from Mayo
Clinic records within 1 month after the histologi-
cal diagnosis of AL. Patients who came to the
Mayo Clini¢ more than 1 month after the initial
diagnosis were excluded from this review. Fol
low-up letters were written to patients and their
physicians for more information. Death certifi-
cates were requested when needed. Data from
the Mayo Cancer Registry were used for follow-

up.
RESULTS

From January 1, 1981, through December 31,
1992, 1,315 patients with amyloidosis were evalu-
ated at the Mayo Clinic. More than two thirds
had AL. Localized amyloidosis was found in
19%. Most of the patients with localized amy-
loidosis had involvement of the carpal ligament.
Secondary amyloidosis and familial amyloidosis
were uncommon {Fig 1). During this 12-year
period, 918 patients with AL were seen at the

Familial, 4% (55)
Senile, 4% (52}

Secondary (AA) 3% (45)

/ Localized

I

{ 19% (245)

Primary {AL}) f
70% (818} /

Figt Types of amyloidosisin 1,315 patiént's, 1981-1992.




PRIMARY SYSTEMIC AMYLOIDOSIS

Mayo Clinic. However, in 444 (48%) the diagno-
sis was made more than 1 month before or after
being seen at the Mayo Clinic, and these pa-
tient% were excluded from this study. The labo-
ratory and clinical features of the remaining 474
patients are reported in this review. .
The diagnosis was made at the Mayo Clinic in
322 patients (68%) and elsewhere in the remain-
ing 152 cases, but the latter group was seen at
the Mayo Clinic within 1 month of diagnosis.
During 1981 and 1982, 84% of the diagnoses
were made at the Mayo Clinic, whereas during
the last 2 years (1991 and 1992), 61% were
made at the Mayo Clinic. The decline is prob-
ably because of increased awareness of AL in
the medical community and our prospective
therapeutic protocols for AL, which promote
referral. _
At the time of diagnosis of AL, 78 patients
{16%) had monoclonal gammopathy of undeter-
mined significance, 71 {15%} had multiple my-
eloma, 13 {3%) had smoldering multiple my-
elema, 4 (1%) had macroglobulinemia, and 2
{0.5%) had solitary plasmacytoma of bone.

Age and Sex

The median age at diagnosis was 64 years,
which is similar to that for multiple myeloma
and macroglobulinemia. Ninety-nine percent
were 40 years or older (Fig 2). None was
younger than 30 years.

Clinical Findings

Weakness or fatigue and weight loss were the
most frequent initial symptoms (Fig 3). Weight
loss occurred in more than one hall of the
patients. The median weight loss was 23 pounds;
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Fig 2. Age and sex of 474 patients with AL seen at Mayo
Clinic within 1 month of diagnosis.
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Fig3. Symptoms of AL in 474 patients.

five patients Jost more than 100 pounds. Pur-
pura, particularly in the periorbital and facial
areas, was noted in 15%. Some patients had
scen multiple physicians for periorbital and
facial purpura, but the amyloidosis had not
been recognized. Gross bleeding was reported
initially in only 3%. Skeletal pain was a major
symptom in only 5% and was usually related to
Ivtic lesions or fractures associated with mul-
tiple myeloma, Diyspnea and pedal edema were
frequent in patients with congestive heart fail-
ure. Paresthesias, light-headedness, and syn-
cope were often noted in patients with periph-
eral neuropathy or autonomic neuropathy. In
several instances hoarseness or change of voice
to a weak, high-pitched, or a deep, husky sound
alerted the physician to the possibility of amy-
loidosis. In these patients the voice frequently
became weak late in the day.

A family history of cancer was recorded in
38%, leukemia or lymphoma in 4%, and my-
eloma in 1% of first-degree relatives. Forty-five
patients (9.5%) had suffered in the past or were
currently suffering from carcinoma, The most
commonly involved organs were prostate (nine
cases), breast {seven cases), skin {five cases),
and kidney (four cases).

Physical Findings

The major initial physical findings are listed
in Fig 4. The liver was palpable in almost one
fourth of patients, but the edge was palpable
more than 5 cm below the right costal margin in
only 11%. Splenomegaly was present initially in
3% and extended more than 3 cm below the left
costal margin in only one patient. Hepatospleno-
megaly was of modest degree in patients with
Al. Macroglossia was present initially in fewer
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Fig 4. Physical findings in 474 patients with AL.

than one teath of patients. The decreasing
prevalence of macroglossia that we have ob-
served during the past 30 years® =3 s most
likely a reflection of eatlier diagnosis of the
disease. Occasionally, the tongue is large and
very vascular and causes troublesome bleeding
(Fig 5). Increased firmness of the tongue, en-
largement of the submandibular structures, and
dental indentations are helpful in determining
the presence of macroglossia. It is frequently
associated with dysphagia and dysarthria and
may produce obstructive sleep apnea.

Purpura is a frequent finding and often in-
volves the neck and face, especially the upper
eyelids; purpura may be striking after proctos-
copy (Fig ). Purpura may be increased after
vomiting or coughing. It can be elicited by
minimal trauma such as rubbing the eyelids.
The skin is often fragile.

Edema is common and usuaily resuits from

Fig 5. Macroglossia and increased vascularity of tongue in
patient with AL {Reprinted by permission of Maye Founda-
tion. 3}
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Fig & Postproctoscopic periorbital purpura{PPPL. {Re-
printed with permission.®®)

congestive heart faiture or nephrotic syndrome.
Orthostatic hypotension may be prominent and
associated with syncope. {Occasionally, patients
have difficuity standing. Generalized lymphad-
enopathy is infrequent but may be the initial
manifestation of systemic amyloidosis. Signs of
congestive heart {ailure, nephrotic syndrome,
peripheral neuropathy, carpal tunnel syndrome,
and malabsorption must be sought during elici- -
tation of the history and performance of the
physical examination.

Syadromes

The frequency of amyloid syndromes at diag-
nosis is given in Fig 7. Symptoms of congestive
heart failure or nephrotic syndrome or renal
insufficiency existed for a median of 3 months
before amyloidosis was diagnosed, whereas
symptoms of peripheral neuropathy or carpal

46 At diagnosis
iz During follow-up
a0 b 2 n=474

Patients, %
n
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renal failure n=104 tunnel  neurcpathy  hvpo
n=142 n=1{2 n=81 n=58

Fig 7. Frequency of amyloid syndromes at diagnosis of At
CHF indicates congestive heart failure; Ortho hypo, ortho-
static hypotension.
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tunmel syndrome were present for amedianof

year or more before diagnosis {(Table 2). This
difference in time hefore diagnosis in patients
withieuropathy probably reflects both a delay
by the patients in seeking medical attention and
physicians paying little attention to the symp-
toms. Congestive heart failure developed more
often than the other syndromes during the
course of the disease. In almost one fourth of
patients with congestive heart failure, the condi-
tion developed after the histological diagnosis
of AL. _

The presence of one of these syndromes and
an M-protein in the serum or urine is a strong
indication of the presence of AL and requires
appropriate biopsies for diagnosis.

Laboratory Findings

Hematologic,.  Anemia is not a prominent
feature in AL (Table 3). Multiple myeloma,
renal insufficiency, and gastrointestinal bleed-
ing are the most common causes of anemia. Of
20 patients with hemoglobin values less than 9
2/dL, 12 had multiple myeloma; the remainder
had renal insufficiency, melena, or an unrelated
cause.

The leukocyte and differential counts were
usuaily normal. Only three patients {0.6%) had
aleukocyte value of less than 2 > 10%/L, and 2%
had a value of 20 x 10°/L or more. Leukocytosis
was not directly related to AL. Thrombocytope-
nia (platelet count less than 100 x 1{0%/L) was
present initially in 2.6%. Leukopenia and throm-
bocytopenia, when present, were usually caused
by chemotherapy. Thrombocytosis was rela-
tively common; 9% of the patients had platelet
values of more than 500 x 10%/L. A common
cause of thrombocytosis is functional hyposplen-
ism from amyloid replacement of the spleen.?

Tahtle 2. Time From Diagnosis of Amyloid Syndromes to
Diagrosis of Al and From Diagnosis of AL to Diagnosis of

Amyloid Syndromes
Time From  Time From Dx
Dx Syndrome Abto Dx
to Dx AL, Syndrome,
Syndrome No, % Madian Mo Median Mo
Maphrotic/renal fallure 142 30 3 0.5
Congesiive heart failure 104 22 3 4
Carpal tunnel 102 21 18 3
Peripheral neuropathy 81 17 115 27
Crihostatic hypotension 58 12 4 1

Abbreviation: Dx, diagnosis.
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Table 3. initial Hématolbgic Laboratory Data in Amyloidosis

No Value
Patients Median Range Other
Hemoglobin, g/dL 474 12.9 £.6-18.8 <1 = 11%
Leukocytes, x 1088 474 7.3 0.6-31.3 <20=106%
>20 = 2%
Platelets, x 10%/L 474 288 4-953% <100 = 3%
>500 = 9%
Uric acid, mg/dL 487 65 23175 =10-=8%
Catcium, mg/dl 472 9.3 523158 >11=2%

51-1,360 >500 = 5%
> 300 = 27%

51-2,856 >500 = 5%
> 300 = 13%

Cholesteroi, mg/dL 290 233

Triglycerides, mg/égl 272 132

This consequence is manifested by the presence
of Howell-Jolly bodies.

Other blood studies. Hypercalcemia (cal-
cium value more than 11 mg/dL) ocecurred in
only 11 patients (2%) and was caused by mul-
tiple myeloma in all 11. The serum cholesterol
vaine was elevated in almost one half of the
patients, and the ftriglyceride value was in-
creased {more than 200 mg/dL) in 29%. Four
patients had a triglyceride leve] of more than
1,000 mg/dL. One patient presented with acute
pancreatitis associated with hyperlipidemia.

The carotene value was low (less than 48
wg/dL) in 6% of patients. Most of these pa-
tients had malabsorption caused by autonomic
neuropathy. The serum By, level was less than
190 pg/L in only 5% of patients. One patient
had pernicious anemia.

Renal and Hver function.  Renal insufficiency
was present in almost one half of patients at the
time of diagnosis; 20% had a serum creatinine
value of 2.0 mg/dL or more (Table 4). Protein-
uria was present at diagnosis in 73%. The serum
alkaline phosphatase fevel was increased in one

Tabie 4. Serum Creatinine Value at Diagnosis of Amyloidosis

Total
Y% 327 Males % 146 Famales in=473), %

Normal* 49 53
tcievated, mg/dL
1319 29 25
1.0-1.8 30
=20 22 17 20
Range, mg/dlL 0.6-11.7 0.4-14.8 0.4-14.8
Medtan, mg/dL 1.3 0.9 1.1

*Normal values {mg/dL} are < 1.3 for males and < 1.0 for
femnales.
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Table 5. Liver Function in Amyloidosis

No. Yalue
Patients  Madian Range Qther
Alkaline phosphatase,
Q4L normal, .
< 260} 458 168G 79-3,660 >250 = 26%
" AST U/L {normat, 470 27 9-351 =31 = 34%
<31 >100 = 3%
Bilirubin, mg/dL
Direct 466 0.1 8-113  >03=8% -
Towl 4866 0.6 0L1R7 0 >11=11%
=2 =13%
Serum atbumin, 463 29 0.B-48 <3=51%
g/di <2 =12%
Prothrombin
time, seconds 332 12 2-33 >13 = 16%

Abbreviation: AST, aspartate aminotransierase.

fourth. The serum glutamic-oxaloacetic trans-
aminase value was increased in only one third.
Hyperbilirubinemia was an infrequent finding,
but when present it indicated a short survival,
Hypoalbuminemia was common, and the albu-
min level was less than 2 g/dL in 12% {Table 5).
The prothrombin time was elevated in only one
sixth of patients {Table 5).

Serum proteins. The serum protein electro-
phoretic pattern showed a localized band or
spike in 48% of the patients. When present, it
was modest in size {median value, 1.4 g/dL}
{Fig 8). Only 7% had an M-spike of 3 g/dL or

M-Protein, g/dL
n=233

Median: 1.4 g/dL
Range: 0.2-7.0 g/dL

Fig B. Size of serum M-protein in AL by cellulose atetate
etectrophovesis.
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Table 8, Setum Protein Electrophoretic
Pattern in Amyloidosis

Total % 463
Hypogammaglobulinemia 20
Normal k|
v Band 38
B Band 190
Polycional 1
Tatal 1060

M-spike: median, 1.4 g/dL {233 patients}).

more. Hypogammaglobulinemia was found in
one fifth of patients (Table 6).
Immunoelectrophoresis of the serum showed
an M-protein in 72% of patients (Fig 9). Only
48% had a monoclonal intact immunoglobulin,
and 24% had a free monoclonal light chain in
the serum {Bence Jones proteinemia). A Light
chains were noted in the serum of 70% of
patients with an M-protein; this figure contrasis
with that for patients with multiple myeloma, in
whom only one third have A light chains.
Urinary proteins. Ninety percent of patients
had an albumin component shown by electro-
phoresis of an adequately concentrated urine
specimen. The globulin peak was often small
and not recognizable as an M-protein. Immuno-
electrophoresis and immunofixation are neces-
sary to detect the monoclonal light chain in this
setting. In 443 patients the total urinary protein
value ranged from 0.1 to 24.1 g/24 hours {me-
dian, 1.2 g/24 h). Thirty-six percent excreted 3.0
g/24 hours or more (Fig 10). An M-spike was

n=430

1gM 5% igD 1%

K only 8%

Negative

28%

Fig9. Type of serum M-protein in Al by Emmunaé!ect'mph'o-
rasis or immunofixation.
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Urine Total Protein, g/24 hr
n=443

Median: 1.2 g/24 hr
Range: 0.1-24.1 g/24 hr

Fig 10. Urine total protein per 24 hours in AL,

detected in the urine in 285 patients, but the
size of the M-protein was small (Fig 11).

fmmunoelectrophoresis and/or immunofixa-
tion of an adequately concentrated urine speci-
men showed a monoclonal light chain in 73% of
patients; 68% of those with a monoclonal light
chain were A {Fig 12). The prevalence of an
M-protein in the serum or urine did not differ
significantly among those with congestive heart
failure, orthostatic hypotension, nephrotic syn-
drome, or peripheral neuropathy.

Urine M-Protein, g/24 h
n=285

=

3.0
2.0-2.99 ;

Median: 0.4 ¢g/24h
Range: 0.01-6.6g/24 h

Fig 11, Size of urine M-proteinin AL.
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Urine M-Protein Type
n=429

Negative
27%

Lambda
50% .

Fig 12.  Urine M-protein type in AL,

An M-protein was found in the serum or
urine in 89% of patients (in whom both tests
were performed) at the time of diagnosis of AL
(Fig 13). Twenty of 43 patients without an
M-protein in the serum or urine had positive
immunohistochemical stains or cvidence of
monoclonal proliferation of plasma cells in the
bone marrow. Seven other patients had an
M-protein in their serum or urine 30 days
before or after the diagnosis. The remainder
had typical features of AL,

Bone marow.  Sixty percent of patients had
less than 10% plasma celis in the marrow; 18%
had 209% or more plasma cells {Table 7). Of the

n=408

Fig 13. Serum {5} and uring {U) M-protein in A'L._
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Table 7. Bona Marrow Plasma Calls in Amyloidosis (n = 391}

Plasma Celts (%!} % Patlonts

. <5 44
B9 16
1019 22
20 18
Total 160

Median, 7; range, 1-95

72 patients with 20% or more plasma cells, 45
had unmistakable features of multiple myeloma
including osteolytic lesions (22 cases), M-spike
3 g/dL or more (5 cases), urine M-protein value
more than 2 g/24 h (9 cases), or hemoglobin
value less than 10 g/dl (9 cases) (Table 8).
Fighty-six patients had 10% to 19% bone mar-
row plasma cells. Osteolytic lesions were found
in seven patients, a serum M-protein value
more than 3 g/dL in two, a urine M-protein
value more than 2 g/24 h in eight, and hemoglo-
bin value less than 10 g/dL in five. Of the 71
patients with multiple myeloma present at diag-
nosis, 67 had 10% or more plasma cells in the
marrow. In addition, nine patients with 10% or
more bone marrow plasma cells had osteoporo-
sis or compression fractures.

Bone lesions. Roentgenograms were normal
in 71% of patients. Lytic lesions were found in
39 patients, fractures in 8, and osteoporosis in
11. Ali 39 patients with lytic lesions had multiple
myeloma.

Organ System Involvemnent

Cardiac and circulatory.  'The heart is often
involved in patients with AL. Congestive heart
failure was present in 17% of our patients at the
time of diagnosis and developed during the
course of the disease in an additional 5% (Fig
7).

Electrocardiography frequently shows either
low voltage in the imb leads or characteristics
consistent with anteroseptal infarction (loss of
anterior forces), but there is no evidence of
myocardial infarction at autopsy.*’ Arrhyth-
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mias, including atrial fibrillation, atrial or junc-
tional tachycardia, ventricular premature com-
plexes, or heart block, are common electiro-
cardiographic features.™

Echocardiography is a valuabie technigue for
the detection and evaluation of amyloid heart
disease. The major echocardiographic features
are increased thickness of the left and right
ventricular walls, abnormal myocardial texture
{granular sparkling), atrial enlargement, valvu-
lar thickening and regurgitation, pericardial
effusion, and abnormal diastolic and, ulti-
mately. systolic ventricular function. Restriction
is associated with marked shortening of the
deceleration time and development of cardiac
symptoms,™

We found a relationship between increasing
thickness of the ventricular wall and septum
(0.5 x thickness of free wall left ventricle in
diastole plus 0.5 X thickness of ventricular sep-
tum) and prevalence of congestive heart failure.
Patients with greater wall thickness (that is,
infiltration of amyloid) aiso had a higher fre-
quency of associated echocardiographic abnor-
malities such as left atrial enlargement, granu-
Jar sparkling, and reduced systolic function. The
median duration of survival was 2.4 years for
patients with ventricular septal thicknesses of
12 mm or less, whereas it was ounly 0.4 year for
patients with thickness of 15 mm or more.”

Serial echocardiography is also useful for
documenting the progression of disease. Conges-
tive heart failure, arrhythmias, or both devel-
oped or worsened in 14 of 27 patients with
cardiac AL who had serial echocardiographic
studies. These 14 patients had significant in-
creases in left ventricular wall thickness and in
feft atrial size and a decrease in fractional
ventricular shortening, Thirteen patients with-
out clinical progression showed no significant
echocardiographic changes.®

Doppler echocardiographic assessment of di-
astolic function in AL shows impressive abnor-

Table 8 Characteristics of Patients With Amyloidosis and Muitiple Myeloma

Bone Marrow Plasma Cells

Myeloma Featuras, No. Patients

Mo, Hamogicbin, Lytic Serum M-spike, Urine M-protein,
% Patients <i0g/al Lesions® =3.0g/dL =2g/24h Total
=20 72 a8 22 5 e a5
10-19 ki =] 7 2 8 22

*Nine additional patients had ostecporosis or compreseion fractures
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Table 8. Echocardiographic Features of Amyicidosis

{n = 187}
Feature %%
Normal 35
Diastolic Dysfunction 18
Systalic Dysfunction 5
Diastolic and Systolic Dysfunction 1%
Abnormal [nonspecific) 25

malities. Early cardiac amyloidosis is character-
ized by abnormal relaxation, whereas advanced
invoivement (mean wall thickness of 15 mm or
more) is characterized by restrictive hemody-
namics. The most common diastolic abnormal-

ity is a short deceleration time consistent with’

restriction in the advanced stages of the disease.
Thickening of the valves is usually seen. Valvu-
iar regurgitation is common, but the degrec is
mild and rarely of clinical significance.

Results of echocardiography were abnormal
in almost two thirds of our patients at the time
of diagnosis (Table 9). Almost one half of
patients had septal thickness of 15 mm or more
(Table 10). The median duration of survival was
7 months for patients with left ventricular septal
thickness of 15 mm or more and 26 months fot
those with thickness less than 15 mm (P = .0003)
(Fig 14). The ejection fraction was normal in
80%. The median duration of survival was 15
months for those with 2 normal ejection fraction
{more than 55%) and 3 months for those with
an ejection fraction less than 40% (£ = .0027)
{Fig 15). Ejection fraction was less than 30% ip
only eight {2%) patients. Amyloid infiltration is
frequently misinterpreted as concentric left ven-
tricular hypertrophy. All patients with biopsy-
proven AL should have an echocardiographic
study.

Hypertrophic obstructive cardiomyopathy or
constrictive pericarditis may be difficult to differ-
entiate from AL. Intermittent claudication of
the jaw was reported in almost 1(09% of patients
with AL." Arm and calf claudication may also
occur. Orthostatic hypotension was found at the

Table 10. Septal Thickness in Amyloidosis {n = 121)

Thickness (mm} k3
=11 24
12-14 29
15-18 36
=20 11

Median, 14; range, 8-22

53
100 b,
L .
L, P=0.0003
75 b0
N <15 mim {n=64
. 1y { )
- T
- "
= 1.
& RaY
25
(=57 '
o . . N . ,
a 1 2 3 4 ]

Yeoars

Fig 14. Survival in AL, by septal thickness.

time of diagnosis in 11% of our patients (Fig 7).
It was usually caused by involvement of the
autonomic nervous system. Orthostatic hypoten-
siom may be severs enough to produce light-
headedness and syncope preventing ambula-
tien.

Renal.  Involvement of the kidneys is very
common in AL and is one of the major clinical
probiems. Nephrotic syndrome or renal failure
was present in 28% of our patients at diagnosis
and developed in 2% during the course of their
discase (Fig 7 and Tables 2 and 4). The labora-
tory features of the 118 patients with nephrotic
svndrome are shown in Table 11. Amyloid is
first deposited in the mesangium of the glomeru-
tus and later extends along the basement mem-
branc. The degree of proteinuria does not
correlate with the extent of amyloid deposition
in the kidney. The kidneys may be enlarged but
are often of normal size or even contracted and
smaller than normal. Hypertension may develop
as renal failure progresses.

Nephrogenic diabetes insipidus, adult Fanco-
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Fig 15. Survival in AL, by ejection fraction.
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Tahle 11. Laboratory Features of Nephrotic Syndrome With
Protein Value >3 g/ 24 h in Amyloidosis {n = 118)

A

No Value
Factor Patients  Median Range Other

Uring Ezra‘{ein, g/24h 118 7.0 324 =10 =31% .

Serum slbumin, gfdl 116 21 0838 <2 = 47%
=1=3%

Creatinine, mg/dL 118 13 0885 »2=25%
Sarum cholesterc], 100 312 148-1,360 >500 = 16%
g/ ol > 300 =55%
Trighycerides, mg/di a3 228 61-2,865 >500=12%
>300 = 27%

ni's syndrome, priapism, and renal vein throm-
bosis have been reported in patients with AL.
Kidney biopsy specimens that have the ap-

pearance of minimal-change glomerulopathy

must be carefully stained for amyloid in adults
because minimal deposits of amyloid may be
overlooked. Immunotactold glomerulopathy®
must be differentiated from amyloid. Light-
chain deposits may be seen in addition to
amyloid fibrils.?

Gastrointestingl.  Histological involvement of
the gastrointestinal tract occurs in most patients
with AL but is usually asymptomatic. Radio-
graphic abnormalities include decreased peri-
stalsis and thickening of the mucosa. A malab-
sorption pattern is uncommon.* Malabsorption
occurs in less than 5% of patients.

Motor dysfunction of the gastrointestinal tract
may result from extensive mucosal deposition of
amvioid but is much more often attributable to
autonomic dysfunction. In some instances, ap-
parent mechanical bowel obstruction may actu-
ally represent pseudo-obstruction, for which
surgical treatment is not helpful and actuaiiy
dangerous. Asciics may occur.

Macroglossia occurs in about 10% of pa—
tients. it may interfere with cating and may be
severg enough to obstruct the airway. Recurrent
hemorrhagic buliae of the oral cavity are not
uncommon, L.oss of taste has been noted.

Symptomatic gastric amyloidosis occurs in
about 1% of patients and is usually manifested
by hematemesis or nausea and vomiting. Amy-
loidosis of the stomach may present as a gastric
mass resembling a carcinoma.®

The liver 18 frequently involved by amyloid-
osis and was palpable initiaily in one fourth of
our patients. Elevation of the serum alkaline
phosphatase value occurs in one fourth of

KYLE AND GERTZ

patients, but hyperbilirubinemia and liver fail-
ure are uncommon.'? Spontaneous rupture of
the spleen may be the initial manifestation.

Respiraiory.  Although histological evidence
of AL in the lung is common, it is usually
asymptomatic’ Chest radiography shows an
interstitial infiltration or a reticular nodular
pattern but is not diagnostic. Amyloid may
infiltrate the alveolar septa and produce dys-
pnea. Diffuse interstitial pulmonary amyloidosis
has also been described. Tracheobronchial in-
volvement or solitary pulmonary nodules re-
main localized and do not progress to systemic
amyloidosis.®

Neuwrological.  Sensorimotor peripheral neu-
ropathy occurred initially in 17% of our patients
{Fig 7 and Table 2). The neuropathy is usually
distal, symmetric, and progressive. Dysesthetic
numbness may be extremely troublesome. The
lower extremities are invelved earlier and more
severely than the upper. Autonomic dysfunc-
tion may be a prominent feature and is often
manifested by orthostatic hypotension, diar-
rhea, or impotence. Axonal degeneration with
predominant involvement of the small myelin:
ated and unmyelinated fibers is seen histologi-
cally, Cranial neuropathy is rare but may be the
initial manifestation of AL.*

Carpal tunnel syndrome was the initial pre-
senting finding in 21% of our patients with AL.
One must consider the possibility of AL in any
patient with carpal tunnel symptoms and an
M-protein in the serum or urine. However,
elderly patients may present with carpal tunnel
syndrome in which the amyloid consists of
normal transthyretin {prealbumin} rather than
x or A light chains. In these patients, systemic
amyloidosis rarely develops.®?

Miscellaneous.  Petechiae, ecchymoses, pap-
ules, plaques, nodules, tumors, bullous lesions,
alopecia, and dystrophy of the nails are com-
mon in AL Amyloidosis involving periarticu-
tar structures can closely resemble seronegative
rheumatoid arthritis. Deposits of amyloid in the
periarticular areas of the shoulder may produce
pain, swelling, and prominence {shoulder pad
sign). Extensive deposits of amyloid may pro-
duce pscudohypertrophy of skeletal muscies,
Large amyioid deposits (amyloidomas) may pre-
sent as large tumors in the mediasiinum or
retroperitoneum.®
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Bieeding may be a major complication of AL,
In addition to the isolated deficiency of factor
X, a decrease of vitamin K-dependent clotting
factots, . inicreased antithrombin activity, in:
creased fibrinolysis, and intravascular coagula-
tion may all contribute to bleeding. Prolonga-
tion of the thrombin time occurs in about 40%
of patients with AL

DIAGNOSIS _

AL was diagnosed before death in 98% of our
474 patients. The possibility of AL must be
considered in every patient who has an M-
protein in the serum or urine and who also has
nephrotic syndrome or renal insufficiency, con-
gestive heart failure, sensorimotor peripheral
neurcpathy, carpal tunnel syndrome, hepato-
megaly, or idiopathic malabsorption. Any patient
older than 30 years who has an unexplained
nephrotic syndrome o1 renal insufficiency should
have electrophorests, immunoclectrophoresis,
and immunofixation of the serum and uring
performed. The presence of a monoclonal light
chain in the urine of a person with nephrotic
syndrome is almost always caused by AL or
light-chain deposition disease.

Al diagnosis requires the demonstration of
amyloid deposits in tissue (Fig 16). Congo red
produces an apple-green birefringence under
polarizing light and is the most commonliy used
stain. AL, senile systemic amyloidosis, familial
amyloidosis, and localized amyloidosis are all
resistant to potassium permanganate, whereas
sccondary amyloidosis typically loses its affinity
for Congo red and its polarization characteris-
tics after pretreatment with potassium perman-
ganatc, but exceptions occur and the technique
is unreliable. The best approach to classification
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is the use of antisera toO protein A, x, A,
transthyretin (prealbumin), and B,M.3 Insome
patients, staining results with Congo red or the
metachromatic stains are negative but electron
microscopy shows typical amyloid fibris. The
diagnoses in these instances must be evaluated
carefully.

A bone marrow aspiration and biopsy should
be performed initially to determine the number
of plasma cells and whether they are mono-
clonal (producing x or A light chains). We found
that 11 of 13 patients with AL but no detectable
monoclonal immunoglobulin in the serum or
urine had a clonal excess of plasma cells in the
bone marrow.!! Virtually all patients with AL
have an M-protein in the serum or urine or a
monoclonal population of plasma cells in the
bone marrow. The bone marrow biopsy speci-
then should be stained for amyloid because
stain results were positive in 36% of our pa-
tients.

The next diagnostic procedure should be
abdominal fat aspiration; the aspirate was posi-
tive m 80% of patients in our series. The
specimen must be stained properly with Congo
red and interpreted by an experienced patholo-
gist.1* We found that in 170 (89%) of our 191
paticats who had both bone marrow and subcu-
tancous fat biopsies performed, one or both
stained positive. Rectal biopsy results were
positive in only one of seven patients with
negative resulis from fat and bone marrow
examination.

it biopsy resuits of these sites are negative,
tissue should be obtained from a suspected
involved organ such as the kidney, liver, heart,
or sural nerve. In our experience, a renal biopsy
is usuatly unnecessary. Renal biopsy has a high

Carpal Liver Smalt Skin Hear
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incidence of positive findings (Fig 16), but the

procedure is more difficult than subcutaneous
fatsbong marrow, or rectal biopsies. The fre-
queﬂ_cy_hof hematuria after renal biopsy is not
greater in patients with AL thap in patients
without AL. It should be kept in mind that &
negative renal biopsy result does not exclude
AL. Of our five patients with negative kidney
biopsy results, three had unrelated renal dis-
ease, one had myeloma of the kidney, and one
had nephrotic syndrome, presumably caused by
AL

Results of liver biepsy are almost always
positive (Fig 16), but the procedure may cause
bleeding and in rare instances the tiver has
ruptured. However, we have seen bleeding in
only two of more than 80 patients with AL who
underwent needle biopsy of the liver. In both
patients the bleeding resolved with bed rest.
Our patient with a negative liver biopsy had 2
history of alcohol abuse. Tissue obtained at
carpal tunnel decompression should be stained
for amyloid; immunohistochemical staining with
«, \, and transthyretin antisera is necessary. The
sural nerve is an excellent source of biopsy
material in patients with peripheral neuropathy
{Fig 16). However, this source is appropriate
only if the peripheral neuropathy is severe
hecause a sural nerve biopsy will result in loss of
local sensation. Three of our patients with
peripheral neuropathy had negative sural nerve
biopsy results; one of these had an atypical
motor neuropathy that was probably unrelated
to the AL. Endomyocardial biopsy results are
always positive in our experience and the test is
associated with little Tisk.

Congo red is a more reliable stain than
methyl violet, crystal violet, or thioflavin T.
Electron microscopy may be necessary for the
identification of the typical fibrils. Nonamyloid
fibrillar glomerulopathy such as immunotactoid
slomerulopathy must be distinguished from amy-
loidosis.? Light-chain deposition disease must
also be differentiated from AL

123].Jabeled serum amyloid P component can
he used for locating and monitoring the extent
of systemic amyloidosis.” Increased uptake of
technetium-99m—pyrophosphate is not reii-
able
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Prognosis and Survival

The mean duration of survival after diagnosis
in an earlier Mayo Clinic series of 81 patients
seen between 1935 and 1959 was 4.9 months.?’
in a Mayo Clinic series of 193 patients seen
between 1960 and 1972, the median duration of
survival after histological diagnosis of amyloid
was 14.7 months for patients with AL and 4
months for those with AL and myeloma.®® The
median duration of survival for 229 patients
with AL seen at the Mayo Clinic within 1 month
of histological diagnosis from 1970 through 1980
was 12 months; less than one fourth were alive
at 3 years.® -

In the current series of 474 patients with AL
seen within 1 month of diagnosis, the median
duration of survival was 13.2 months (Fig 17).
Seven percent survived for 5 or more years, and
only 1% were alive at 10 years. Survival varied
greatly among the various syndromes (Fig 17
and Table 12). For example, the median dura-
tion of survival was 4 months for the 80 patients
presenting with congestive heart failure. The
groups were arranged in a hierarchical fashion;
that is, patients were placed only in the first
group in which the syndrome occurred. Thus,
none of the 114 patients who presented with
renal disease had either congestive heart failure
or orthostatic hypotension but some may have
had peripherai neuropathy. The 40 patients
with peripheral neuropathy had no evidence of
congestive heart failure, orthostatic hypoten-
sion, ot nephrotic syndrome at diagnosis and
had a median duration of survival of 26 months.
Death in these patients was usuaily the resuit of
subsequent cardiac or renal failure.

The presence of congestive heart failure was
an important prognostic finding. The median
duration of survival was 4 months for the 80
patients presenting with congestive heart fail-
ure and 16 months for the 394 patients without
congestive heart failure (P < .0001) (Fig 18).

Death was atiributed to cardiac involvement
from congestive heart failure or arrhythmias in
48% of 285 patients who had died. The actual
percentage of cardiac deaths is probably higher
because some patients whose death was as-
cribed to AL almost certainly had a terminal
cardiac arrhythmia. Death was attributed to
infection in 8% and renal failure in 6%.

Multivariate analysis was applied to data
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from 168 patients with AL seen at the Mayo
Clinic from 1970 through 1980 in whom all
faboratory and clinical studies were performed
within 1 month of diagnosis. The proportional-
hazards method of Cox identificd four variabies
that had a significant influence on survival
during the first year, congestive heart failure,
urinary light chain, hepatomegaly, and amount
of weight loss. The proportional-hazards model
identified elevated serum creatinine value, diag-
nosis of multiple myeloma, presence of ortho-
static hypotension, and serum M-protein as
having a highly significant adverse influence on
survival in patients who lived 1 year after
diagnosis, ™

The B,M level is a useful prognostic factor.
Median duration of survival was 33 months in
Al patients with a level less than 2.7 pg/mL
and 11 months for those with an elevated level.
When the analysis was restricted to patients
with normal renal function, those with an el-
evated BoM level also had a significantly short-
ened survival.’® Thus, the impact of B.M level
on survival was independent of the serum creati-
nine level. We have also shown that a plasma

Tabie 12. Survival in Amyloidosis, Hierarchical

MNo. Y Years Months
Congestive heart failure 82 17 0.3 4
Orthostatic hypotension 41 9 1.8 12
Nephrotic 114 24 1.4 16
Paripheral neurgpathy 40 8 2.1 26
Total group 474 1.1 13

cell labeling index greater than 0% predicted a
survival disadvantage (i4.1 months v 309
months) (P < .05) in 143 AL patients without
myeloma. ™ Patients with a normal serum creati-
nine level and urinary protein value less than 2
g/24 h at diagnosis are unlikely to require
dialysis.!” We have shown that Doppler echocar-
diographic studies are helpful for predicting
outcome in patients with cardiac AL. The I-vear
survival of patients with an initial deceleration
time of 1530 milliseconds or less was 55%,
whereas 90% lived for more than 1 year when
the deceleration time was more than 150 miili-
seconds (P < .01).72
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