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Acquired factor X deficiency has been described in association 
with primary amyloidosis in a small number of patients. Although 
readily corrected in vitro by mixing patient plasma with normal 
plasma, the deficiency is not easily corrected in vivo because 
transfused factor X is rapidly cleared from the circulation. It has 
been suggested that the mechanism underlying this phenomenon 
may be the selective binding of factor X to amyloid and its conse-
quent removal from the circulation. Two cases of primary amyloi-
dosis and coexistent acquired factor X deficiency are reported. 
Immunostains for factor X and immunoglobulin light chains 
showed the coagulation factor in the region of the amyloid deposits. 
The findings directly support the hypothesis that factor X defi-
ciency in primary amyloidosis is caused by clearance of factor X 
by binding to amyloid fibrils. 
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Acquired factor X deficiency in previously healthy indi-
viduals has been described in association with primary 
amyloidosis1-8 and is thought to be the result of extraction 
of the factor from the circulation rather than decreased 
hepatic synthesis. Furie et al7 studied the clearance of 
I-131-labeled factor X following intravenous infusion in a 
patient with this entity and demonstrated that 85% of the 
labeled factor disappeared from the circulation with a half-
life of approximately 30 seconds.7 Triplett et al9 partially 
purified amyloid fibrils from another patient with factor X 
deficiency and observed that the fibrils adsorbed factor X 
procoagulant from normal plasma. Purified amyloid fibrils 
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Table 1. Mixing studies in patients with 
amyloidosis and factor X deficiency 

Patient 1 Patient 2 

PT APTT PT APTT 
Mixture (sec) (sec) (sec) (sec) 

Patient alone 20.0 35.0 25.5 40.9 
1 part patient: 1 part 12.0 — 13.9 26.8 

normal 
1 part patient: 1 part 12.0 — 15.1 22.0 

aged serum 
1 part patient: 1 part ad- 20.0 — 27.1 37.8 

sorbed plasma 

PT = prothrombin time, normal = 10-13 sec; APTT = activated 
partial thromboplastin time, normal = 21-31 sec. 

Table 2. Factor assays in patients with amyloidosis 
and isolated factor X deficiency 

Coagulation factor Patient 1 Patient 2 Normal 

II (U/mL) — 0.93 0.5-1.5 
VII (U/mL) 0.84 0.55 0.5-1.5 
IX (U/mL) 1.00 1.20 0.5-1.5 
V (U/mL) 1.06 0.5-1.5 

Function (U/mL) 0.06 0.02 0.5-1.5 
Antigen (ng/mh) 2.26 — 4.09-7.67 

from the spleen of a similar patient were utilized 
by Furie et al8 to prepare amyloid fibril agarose 
columns that retained I-125-labeled human fac-
tor X. These studies provide strong evidence for 
binding of factor X to amyloid deposits within 
tissue. 

We recently evaluated two patients with un-
expectedly prolonged prothrombin times (PT) 
and activated partial thromboplastin times 
(APTT). In both patients, further investigation 
revealed isolated deficiency of factor X in asso-
ciation with primary amyloidosis. The purpose of 
this report is to emphasize the clinical association 
of factor X deficiency with amyloidosis, outline 
the proper laboratory approach to the coagula-
tion abnormality, and provide immunohistologic-
evidence that factor X antigen is present in amy-
loid deposits. 

Case reports 
Case 1. T h e patient was a 63-year-old white man with 

a seven-year history of hypertension and renal failure who 
experienced lethargy, 10-lb (4.5-kg) weight loss, and easy 
bruisability during two years before admission. On admis-
sion, his vital signs were normal. Physical examination re-
vealed scleral and subungual hemorrhages and ecchymoses 

over the eyelids. The liver was enlarged 8 - 1 0 cm below the 
costal margin in the midclavicular line. There was no sple-
nomegaly. Laboratory studies showed a hemoglobin level of 
8.9 g /dL with normocytic normochromic indices, B U N 30 
mg/dL, and creatinine level 2.5 mg/dL. Alkaline phospha-
tase was 170 IU/L, and the remainder of liver function tests 
were within normal limits. T h e P T was 20 seconds (normal 
1 0 - 1 3 seconds), and the A P T T was 35 seconds (normal 2 1 -
31 seconds). T h e thrombin time was 11 seconds (normal 
1 0 - 1 3 seconds), and the bleeding time was 3 minutes (nor-
mal less than 8 minutes). Serum protein electrophoresis was 
normal. Urine protein electrophoresis showed a mild diffuse 
elevation in alpha 2 globulin. Serum and urine immunoelec-
trophoresis were not performed. A bone marrow biopsy was 
normal. Prolonged clotting times were determined to be 
due to factor X deficiency. Unsuccessful attempts were 
made to correct the abnormality using vitamin K, fresh 
frozen plasma, and factor IX concentrate (Konyne, Cutter 
Laboratories, Berkeley, CA). These results suggested that 
the hepatomegaly might be due to amyloidosis, but a liver 
biopsy was not performed due to the coagulopathy. Three 
weeks following admission cardiac tamponade developed 
and the patient died; an autopsy was performed. 

Case 2. T h e patient was a 60-year-old white man who 
experienced progressive shortness of breath, orthopnea, and 
paroxysmal dyspnea one year before referral to T h e Cleve-
land Clinic Foundation. He experienced moderate improve-
ment initially when treated with digitalis and furosemide 
(Lasix), however, he returned with marked ^welling of the 
lower extremities and laboratory findings consistent with 
nephrotic syndrome. A kidney biopsy demonstrated light 
and electron microscopic findings consistent with renal amy-
loid deposits. He was transferred to the Cleveland Clinic for 
further evaluation. Physical examination revealed scattered 
petechiae and ecchymoses. There was a grade IV systolic 
cardiac murmur. T h e liver measured 14.5 cm below the 
costal margin in the midclavicular line, and the tip of the 
spleen was palpable. There was 4 + pitting edema bilaterally. 
Laboratory evaluation demonstrated a hemoglobin level of 
8.9 g /dL with normocytic normochromic indices. The white 
blood cell count was 10.6 X 109/L with a normal differential 
and the platelet count was 516 X 109/L. Abnormalities in 
serum chemistry determinations included B U N 136 m g / 
dL, creatinine 2.1 mg/dL, total bilirubin 2.0 mg/dL, total 
protein 5.1 g/dL, and albumin 3.0 g/dL. T h e PT was 25.5 
seconds, the A P T T was 40.9 seconds, and the thrombin 
time was 11 seconds. Bone marrow aspiration biopsy re-
vealed increased numbers of mature plasma cells. Serum 
and urine immunoelectrophoresis showed no monoclonal 
immunoglobulin. Further evaluation of the prolonged P T 
and A P T T showed a factor X deficiency. T h e patient was 
discharged and lost to follow-up. 

Materials and methods 
In vitro coagulation studies 

PT and A P T T values were measured using an 
MLA 700 automated instrument (Medical Lab-
oratory Automation, Inc., Mount Vernon, NY). 
The reagents for these tests were thromboplastin-
C and actin (American Dade, Inc., Miami, FL). 
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Fig. 1. Liver section with sinusoidal homogeneous 
amyloid material (arrow) adjacent to hepatocytes (hema-
toxylin and eosin XI60). 

Fig. 2. Renal segment demonstrating amyloid depo-
sition (arrow) within renal arteriole. No deposition was 
present in glomeruli (Immunoperoxidase: anti-kappa 
light chain antiserum, PAS counterstain X400). 

Correction studies were performed using pooled 
normal plasma, aged serum (Dade, Inc.), and 
adsorbed plasma (Dade). Aged serum was defi-
cient in fibrinogen, prothrombin, factor V, and 
factor VIII:C (antihemophilic factor). Adsorbed 
plasma was deficient in prothrombin, factor X, 
factor VII, and factor IX. One-stage factor assays 
were performed using factor-deficient plasma 
from Dade, Inc. and pooled plasma made in our 
laboratory from > 2 5 normal volunteers. Stan-
dard curves were constructed using at least four 
dilutions of the normal pool. Patients' plasmas 
were tested using dilutions of 1:10, 1:20, and 
1:40. Assays for factors in the common pathway 
were performed using prothrombin times. 

A radioimmunoassay of factor X antigen10 in 
the plasma from patient 1 was kindly performed 
by Daryl S. Fair, Ph.D., of the Scripps Clinic and 
Research Foundation. 

Morphologic studies 

Fresh liver and kidney segments obtained at 
autopsy from the first patient were fixed in zinc-
substituted Zenker's solution and buffered for-
malin and stained with hematoxylin and eosin 
(H&E), crystal violet, and Congo red. Segments 
of kidney and liver were fixed in glutaraldehyde, 
processed for electron microscopy using standard 
techniques, and examined with a Philips 400T 
transmission electron microscope. 

Immunohistochemical demonstration of factor 
X in tissue was achieved using air-dried, cryostat-
frozen sections that were incubated for 20 min-
utes with a 1:15 dilution of monospecific rabbit 
anti-X antibody (obtained from D. Fair, Scripps 
Clinic). After being washed in phosphate-buff-
ered saline (PBS) the slides were incubated for 
30 minutes with peroxidase-conjugated goat anti-
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Fig. 3. Electron micrograph demonstrating amyloid deposition adjacent to he-
patocyte in space of Disse. The amyloid fibrils vary in width from 12-16 nm (X 10,600; 
inset X80.000). 

rabbit IgG (Fc fragment specific, Cappel Labo-
ratories, Malvern, PA). They were further 
washed in PBS and Tris-HCl and then incubated 
in four changes of Hanker-Yates reagent (para-
phenediamine and pyrocatechol, HYR, Polysci-
ences, Warrington, PA). Finally, the slides were 
washed, counterstained with H&E, and examined 
by light microscopy. 

Tissue was similarly processed for immunoflu-
orescence. Frozen sections were incubated with 
the monospecific rabbit anti-X antibody, washed 
with PBS, incubated with fluorescein-conjugated 
sheep anti-rabbit IgG, washed again, and exam-
ined with a Leitz fluorescent microscope. Frozen 
sections of kidney and liver were studied by direct 
immunoperoxidase and immunofluorescence for 
kappa and lambda light chains utilizing monospe-
cific peroxidase-conjugated anti-human kappa 
and anti-human lambda light chains (DAKO). 
The method was similar to that described above, 
utilizing the identical Hanker-Yates reagent 
washes for color reaction product development. 

T o demonstrate further the specificity of the 
rabbit anti-factor X antibody, aliquots of anti-
body were incubated at 37°C for one hour either 
with human factor IX complex (Konyne, Cutter 
Laboratories, Berkeley, CA) or Bence Jones pro-

tein and centrifuged. The supernatant was then 
used in place of the primary anti-factor X anti-
body in the indirect immunoperoxidase method 
described above. 

Results 
The coagulation correction studies performed 

using plasma from these two patients are shown 
in Table 1. The prolonged clotting times were 
completely corrected by mixing patient plasma 
with normal plasma and were almost entirely 
corrected by mixing with aged serum. The times 
were not corrected by mixing patient plasma with 
adsorbed plasma. These studies ruled out the 
possibility that a circulating anticoagulant existed 
and further suggested that there was a deficiency 
of factor X. 

Results of one-stage factor assays in these two 
patients are shown in Table 2. Both plasmas 
showed an isolated deficiency of factor X (0.06 
U/mL and 0.02 U/mL). All dilutions of patient 
plasma tested gave identical results, confirming 
that a circulating anticoagulant was not present. 
In addition, the plasma concentration of factor 
X antigen in the first patient was 2.26 ¿¿g/mL 
(normal 4.09-7.67 ¿¿g/mL). This antigen concen-
tration was significantly lower than normal but 
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Fig. 4. Immunoperoxidase stain for factor X dem- i s demonstrated against kappa light chains (Immunoperoxidase: left: 
onstrating deposits of factor X (arrow) adjacent to hepa- ant.-kappa, right: ant.-lambda, X400). 
tocytes (X400). 

disproportionately reduced in relation to the one-
stage functional assay. 

An aggressive attempt was made to correct the 
coagulopathy in the first patient. Following in-
fusion of 7 units of fresh frozen plasma, the factor 
X activity remained 0.06 U/mL and the PT was 
20 seconds. An additional 6 units of factor IX 
concentrate (Konyne, Cutter Laboratories, 
Berkeley, CA) was infused. Immediately follow-
ing this infusion, a plasma sample was obtained. 
The PT was 20 seconds and the factor X assay 
was 0.01 U/mL. 

The autopsy performed on the first patient 
showed cardiomegaly (700 g) with fibrinous per-
icarditis; a pale, firm enlarged liver (3800 g); and 
splenomegaly (250 g). There was no evidence of 
immediate hemorrhage into the pericardial 
space. Microscopic examination revealed massive 
amyloid deposition within hepatic sinusoids, 
moderate masses of amyloid within splenic paren-
chyma, and lesser degrees of deposition within 

medium and large vessels o f the heart, lungs, 
testes, and kidneys. 

Liver sections stained with H&E (Fig. 1) con-
tained eosinophilic homogeneous material in the 
sinusoids, closely apposed to the adjacent hepa-
tocytes. This material, which showed apple-green 
birefringence by Congo red staining, was also 
present in renai vessels (Fig. 2) but not in the 
glomeruli or tubules. Electron microscopic fea-
tures of the material (Fig. 3) were typical for 
amyloid. Parallel longitudinal subunits having an 
average width of 12 nm were arranged in a 
crisscrossed, fibrillar pattern and were extracel-
lular. Although the deposits appeared to be si-
nusoidal by light microscopy, they were identi-
fied principally within the space of Disse by trans-
mission electron microscopy. 

Immunoperoxidase and immunofluorescence 
staining of liver and kidney for factor X (Fig. 4) 
and immunoglobulin light chains (Fig. 5) showed 
prominent staining for kappa light chains and 
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factor X in the amyloid material. Stains for 
lambda light chains were negative. Positive stain-
ing for factor X was abolished by preadsorption 
of the antifactor X antibody with factor IX con-
centrate but was unaffected by preadsorption 
with kappa or lambda Bence Jones protein. 

Discussion 
Inherited deficiencies of factor X are rare dis-

orders of coagulation." Acquired deficiencies of 
factor X as isolated abnormalities are even more 
unusual and have been described as case reports 
in association with renal adenocarcinoma, fungi-
cide exposure, and mycoplasma pneumonia.12-15 

In addition, factor X deficiency may occur in 
patients with primary systemic amyloidosis and, 
as this report emphasizes, it may be responsible 
for an otherwise unexplained prolongation in the 
PT and APTT. Alternatively, the recognition of 
an isolated factor X deficiency in an adult should 
suggest, as it did in Case 1, that the patient may 
have amyloidosis. 

Although a plasma cell dyscrasia was not iden-
tified in patient 1, the immunohistochemical re-
activity of his amyloid for kappa light chains 
suggested that it was of the AL type. This type is 
usually found in the setting of plasma cell dyscra-
sia and is distinguished from the nonimmuno-
globulin AA type and the heredofamilial AF type. 
The type of renal amyloid in patient 2 could not 
be characterized due to lack of tissue for study. 

Bleeding is a frequent complication in amyloi-
dosis, occurring in 41% of patients in a recently 
described series.16 There are additional hemo-
static abnormalities in amyloidosis, which include 
prolonged thrombin times possibly due to dysfi-
brinogenemia, abnormal platelet aggregation, 
abnormal vascular integrity, and hepatic insuffi-
ciency with reduced coagulation factor synthe-
sis.16 The general lack of correlation between 
bleeding and coagulation test abnormalities sug-
gests that amyloid infiltration of vessel walls and 
resulting damage to vascular integrity is a major 
cause of most bleeding events.16 

Failure of hepatic synthesis of factor X was 
judged to be an unlikely event in our two patients 
since other coagulation factors made in the liver 
were normal. In addition, the infusion of fresh 
frozen plasma or factor IX concentrate failed to 
raise the plasma factor X level, suggesting that 
the infused factor X was being removed rapidly 
from the circulation or converted to a nonfunc-
tional form. 

The mechanism of isolated factor X deficiency 
in primary systemic amyloidosis has received con-
siderable attention. Immobilization of 1-13¡-la-
beled factor X in vascular or extravascular de-
posits of amyloid was observed by Furie et al.7 

They subsequently demonstrated that amyloid 
fibril-agarose columns tightly bind factor X, and 
to a lesser extent, factor IX and prothrombin.8 

Amyloid fibrils prepared from patients with and 
without factor X deficiency showed similar bind-
ing properties. This is in contrast to a preliminary 
report by Triplett et al9 suggesting that factor X 
did not bind to fibrils prepared from patients 
without factor X deficiency. 

The present immunohistochemical study con-
clusively demonstrates that tissue deposits of 
amyloid from a patient with factor X deficiency 
contained factor X antigen and strongly supports 
the hypothesis that tissue binding causes a defi-
ciency of this plasma protein. A similar recent 
study by Wolf and Fujihara18 echoes this finding. 
Two critical aspects should influence this bind-
ing: the affinity of the amyloid for factor X and 
the total amount of amyloid exposed to circulat-
ing blood. We have no data on the affinity of the 
interaction in our patient; however, based on 
morphologic evidence, a great deal of hepatic 
and splenic amyloid was exposed to circulating 
sinusoidal blood. A variable amount of exposure 
occurred in the pulmonary vasculature where a 
significant amount of endothelium remained in-
tact. 

The molecular basis of the selective interaction 
of factor X with some amyloids remains unex-
plained. The vitamin K-dependent coagulation 
proteins (prothrombin, factors VII, IX, X, pro-
tein C, and protein S) bear striking chemical 
similarity, and yet a deficiency of factor X seems 
to occur disproportionately in patients with amy-
loidosis. Binding studies performed in vitro fur-
ther support a relative specificity of factor X 
interaction with amyloid fibrils. The ability of 
amyloid from different individuals to bind factor 
X varies widely, however, suggesting significant 
variation in the protein-protein interaction. 

Several different classes o f defects in factor X 
from patients with amyloidosis have been de-
scribed by Fair and Edgington.10 These vary from 
a parallel reduction of factor X antigen and func-
tional activity to a discordant reduction in func-
tional measurements. Reduced function may be 
detected by assays measuring factor X activation 
either by the extrinsic pathway (PT), the intrinsic 
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pathway (APTT), Russell's viper venom, or any 
combination of these three methods. In none of 
the patients studied, however, was there a re-
duced concentration of a normally functional 
factor X. Instead, all samples contained function-
ally defective molecules. This observation sug-
gests that amyloid may both remove factor X 
from the circulation and render it defective by 
some reversible interaction. Both mechanisms 
seem responsible for the factor X deficiency in 
our patient 1 since he had a low antigen concen-
tration, functionally defective X molecules, and 
immunohistologic evidence of factor X in the 
liver. 

The treatment of factor X deficiency is usually 
replacement therapy in the form of fresh frozen 
plasma. In life-threatening situations, prothrom-
bin complex concentrates (containing factors II, 
VII, IX, and X) are indicated. In these situations, 
the half-life of transfused factor X is usually 
approximately 30-40 hours.19 However, in pa-
tients with primary systemic amyloidosis, the half-
life of infused factor X is significantly shortened.7 

Therefore, attempts to correct the abnormality 
using plasma products may be futile. In addition, 
the use of these products is associated with a risk 
of hepatitis, thromboembolic phenomenon, and 
acquired immunodeficiency syndrome.20-22 Suc-
cessful short-term treatment of factor X defi-
ciency with splenectomy may be achieved, but 
probably only if the spleen is the major site of 
amyloid deposition and if large deposits of amy-
loid do not exist in other sites.23 Treatment of 
the underlying primary amyloidosis would seem 
to be the only real long-term solution to the 
disorder. However, combinations of various ther-
apeutic agents for this purpose have only yielded 
mixed results.24"26 

In summary, an acquired factor X deficiency 
is identified in some patients with primary sys-
temic amyloidosis. Its presentation may vary from 
easy bruisability to life-threatening hemorrhage. 
The diagnosis may be made if the entity is sus-
pected clinically and if careful attention is paid 
to the screening coagulation tests. The mecha-
nism of the factor X deficiency appears to be a 
relatively specific immobilization o f this protein 
in amyloid deposits that are exposed to the cir-
culation. However, the molecular nature of the 
factor X-amyloid binding remains unexplained. 
Treatment of the coagulopathy with vitamin K 
or infusion of plasma and prothrombin complex 
concentrate is predictably unsuccessful. 

Fred V. Lucas, M.D. 
Department of Laboratory Hematology 
Cleveland Clinic Foundation 
9 5 0 0 Euclid Avenue 
Cleveland, O H 4 4 1 0 6 
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