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Fig. 2. Prevalence of symptomatic knee
OA by age and sex group

Table 2. Comparison of the subjects with and withou! radiographic knee OA

Parameter OA (n=179) Non-OA (n=417) P
Age 4.7 £ 6.6 73.1 £6.1 0.004
Menopause 48850 481 £53 NS
BMI 41132 24227 <0001
BMD (g/m’) 05 0.1 06202 NS
Sex (male/female) 36/143 168249 <0.001
Fracture (+) 73 (412%) 160 (39.0%) NS
Operation (gastrectomyfoveriectomy/others) Sia/164 26/17/367 NS
Knee trauma (+) 14 (8.0%) 25 (6.1%) NS
Osteoporosis (+) 31 (17.7%) 55 (134%) NS
DM* (+) 14 (8.0%) 32 (78%) NS
Gout (+) 4(23%) 4 (1.0%) NS
Sports activity — like 21 (122%) 83 (203%) 0,028
Working

White-collar workers 89 (51.1%) 219 (53.0%) NS

Blue-collar workers 85 (48.9%) 194 (47.0%)
Smoking — ves 23 (12.8%) 90 (21.7%) 0.016
Alcohol ingestion (yes) 26 (14.5%) 89 (21.5%) NS
Milk ingestion (yes) 140 (78.2%) 317 (762%) NS

OA, osteoarthritis; BMIL body mass index; BMD, bone mineral density; DM, diabetes mellitus: NS, not significant

Age. Menopause, BMI, and BMD arc represented as means £ 5D

Cochran-Anmitage test for trend). In all age groups. an
investigation of the sex distribution revealed a greater
prevalence of knee OA in women.

The prevalence of symptomatic knee OA were 21.2%
overall: 10.7% in men and 26.7% in women, Therefore,
the prevalence of symptomatic knee OA was higher in
women than in men (P < 0.001). Of the cases of definite
radiographic knee OA, 61.1% were symptomatic in
men and 73.4% in women. Figure 2 shows the preva-
lence of symptomatic knee OA by age and sex group-
ing. In both sexes. the prevalence continued to increase
with age.

Table 2 shows the comparison of the subjects with
and without radiographic knee OA. There were signifi-
cant differences between osteoarthritic and nonosteo-
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arthritic subjects with regard to age (P = 0.004). BMI
(P < 0.001), sex (P < 0.001), sports activity (P = 0.028).
and cigarette smoking (P = 0.016).

We subsequently performed logistic regression analy-
sis using the stepwise method. We found significant dif-
ferences in the risk of radiographic knee OA with BML
sex, age, and BMD. Odds ratios for BMI were 1.22
[95% confidence interval (CI) 1.13-1.31], suggesting
that a 1 kg/m’ increase in BMI raised the risk of knee
OA by 22%. The risk of knee OA in women was 6.73-
fold (95% CI 3.17-14.30) the risk in men. Odds ratios
for age were 1.09 (95% CI 1.05-1.13), suggesting that a
1-year increase in age raised the risk of knee OA by 9%.
Odds ratios for BMD were 1.53 (95% C1 1.20-1.95),
suggesting that a 0.1 g/em® increase in BMD raised the
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Table 3. Logistic regression analysis (predictive factors determined by stepwise

method)

Variables entered in the model Odds ratio

95% C1 P

BMI 122

Sex (female/male) 6.73

Age 1.09

BMD* (0.1 glem’) 153
Variables not enlered in the model

Fracture

Operation

Knee trauma

Osteoporosis

DM

Gout

Sports activity

Working

Smoking

Alcohol

Milk

1.13-1.31
3.17-1430
1.05-1.13
1.20-1.95

<0001
<0.001
<0001

0.001

risk of knee OA by 53% (Table 3). Therefore, high
BMI, female sex, older age, and high BMD were signifi-
cantly associated with an increased risk for radiographic
knee OA.

Discussion

The present study showed that the prevalence of defi-
nite radiographic knee OA was 30.0% overall: 17.7% in
men and 36.5% in women. Although population-based
prevalence studies of knee OA have been reported
worldwide, there are considerable discrepancies in pop-
ulation prevalence by reviewers.” " These discrepancies
were due to differences in race and lifestyle factors.
different methodologies (e.g.. inclusion or absence
of men), or different definitions of symptomatic and
radiographic OA. To minimize these discrepancies,
radiographs in this study were evaluated by the
Kellgren-Lawrence grading system, which has the most
widely used radiographic criteria for OA. We used the
same definition of radiographic OA (grade 2 or higher)
as was used in well-known epidemiological studies. such
as the Framingham OA Study and the Rotterdam Study.
because we can then compare the prevalence of knee
OA.

Thus. we compared the prevalence of knee OA in our
study and other populations that were studied using
the same criteria: radiographic OA with a Kellgren-
Lawrence grade of 2 or higher in patients 65-74 years
of age. The prevalences in our study were 32.3% in
women and 13.5% in men, which was higher than in
Bulgaria (9.6% in both men and women),” the United
States (18.0% in women. 8.3% in men),"” and Sweden
(26.5% in women, 4.5% in men),’ but lower than in
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Holland (35.2% in women, 20.9% in men)" or Northern
England (56.3% in women, 42.3% in men)."” These dis-
crepancies may be due to differences in race, lifestyle.
or socioeconomic background.

Many population-based studies have shown that
obesity, aging, and lemale sex are risk factors for knee
OA. Despite the strong association between aging and
knee OA, the exact relations between aging and knee
OA remain unclear. With age, joint use becomes more
frequent, as does joint injury: cartilage degeneration
progresses; and quadriceps muscle power becomes
weak. Thus, OA is thought not to be simply the result
of mechanical “wear and tear” from joint use with age
but to have multiple causes.

Obesity has been shown to increase the risk for knee
OA in various populations.'® Obesity could increase
stress on cartilage and induce breakdown simply on the
basis of excess force across a weight-bearing joint. This
is a mechanical effect by which obesity could cause OA,
Another mechanism is metabolic concomitants of adi-
posity. Obese individuals (i.e., those with excess adipose
tissue) may have abnormal levels of certain hormones
or circulating factors, such as an insulin-like growth
factor that may affect cartilage breakdown and lead to
OA. Felson and Chaisson pointed out that weight loss
is likely to alleviate symptoms and delay disease pro-
gression in patients with knee OA." Therefore. obesity
is an important modifiable risk factor for OA.

Results from many epidemiological studies show that
the prevalence of OA is similar in men and women until
age 50, after which its prevalence increases more rapidly
in women, as recognized from our report.’ Thesc find-
ings suggest that estrogen deficiency may promote the
development of OA. However, there is an ongoing
debate as to whether estrogen contributes to the patho-
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gcnesm of OA, with some investigators suggesting a
prolcchw effect™ and others identifying a negative
role.”™ Other studies have examined sex-based genetic
differences,”™ cartilage thickness,” and sex-related
anatomical differences™ However. the exact reasons
for sex differences in knee OA are not clear.

Another potential mechanism for estrogen in the
pathogenesis of OA involves its indirect role in main-
taining bone density. Several studies have shown that
knee OA is associated with higher bone mass than
in healthy controls™ Hypotheses for this association
include one that higher bone mass increases subchon-
dral bone stiffness and therefore increases joint loading
and the risk for joint OA. Yokozeki et al. reported that
the BMD in patients with severe knee OA was sig-
nificantly greater than that in healthy individuals™
However, the BMD was measured at the lumbar spine,
which might reflect the influence of facet joint OA or
the presence of osteophytes or aortic calcification. In
the Chingford study, Hart et al. reported that bone
density at the lumbar spine and femoral neck is higher
in a population of middle-aged women with osteoarthri-
tis, and these results were not affected after adjustment
for confounding variables ml:iudmg the presence of
osteophytes in the lumbar spine,”™ In the Rotterdam
study. Burger et al. also reported that radiographic knee
OA is associated with higher BMD at the femoral neck.”
Also in the Ftnmmgham study. Hannan et al. found that
femoral BMD is higher in women with knee OA" In a
study of forearm BMD in postmenopausal women,
Iwamoto et al. found significantly higher BMD in
women who had knee OA than in the controls™ In the
present study, we also showed that knee OA is associ-
ated with higher BMD measured at the distal radius
with no influence of OA.

However. the association of BMD with knee DA also
remains controversial. Several studies concluded that
some cases of severe OA muay be associated with low
BMD. Previous reports from Japan have suggested that
varus OA of the knee may be associated with high or
low BMD in which trabecular microfractures of the
proximal tibia may create the varus deformity with sec-
ondary OA."” More recent studies showed that OA
progression may be associated with increased bone
resorption and even low BMD.™ It seems likely that
high BMD contributes only to the initial occurrence of
disease and not necessarily to its progression. More
studies are needed to clarify this.

There are some limitations of this study. Although
our subjects were drawn from a population-based study.
they were healthy enough to visit the hospital. This
selection introduces a health-selection bias On the
other hand, we recruited community inhabitants for the
medical checkup on musculoskeletal conditions. This
selection might introduce symptomatic knee patients. It
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is difficult 1o judge which more strongly influences this
result or if both are offset. Another limitation is that
this study was performed in a limited geographic region.
which may not be representative of Japan as a whole.
Miyagawa is a typical mountain village. suggesting that
our data must be compared with the data of other vil-
lages or cities in Japan, Finally, our analysis did not
include patellofemoral joint radiographs. which would
likely increase the prevalence of radiographic outcomes
and perhaps increase the concordance between radio-
graphic outcomes and symptoms.

Conclusions

‘The prevalence of definite radiographic knee OA was
30.0% and that of symptomatic knee OA was 21.2%.
Moreover, high BMI, female sex, older age, and high
BMD were significantly associated with an increased
risk for radiographic knee OA.

No benefits in any form have been received or will be received
from a commercial party related directly or indirectly to the
subject of this article.
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Abstract: Background: Soluble fibrin (SF) is considered o be useful for the diagnosis of thrombosts, however, evidence
for the diagnosis of pre-thrombosis by SF is stll not well established.

Objective: The § study was designed 10 evaluate the usefulness of new SF assay (New SF) in the disgnosis of
thrombosis and a pre-thrombaotic state.
Patienty/Methods: The pl cong of New SF were measured in 748 inpatients suspected to have thrombosis

andlhcymll!admlhihmmbom

Results and Conclusions: The plasma concentrations of New SF were significantly higher in patients with disseminated
intravascular coagulation (DIC), deep vein thrombosis (DVT) and cerebral thrombosis, in comparison to those of patients
without thrombosis, but there was no significant difference of the New SF assay between patients with thrombosis and
those afier an operation. The New SF assay was moderately corelated with the other two SF assays. The New SF Ie\rels
were significantly higher in patients before the onset of thrombosis than in those without thromt but other b

molecular markers were not significantly elevated. Our findings suggest that the New SF assay is useful for the diagnosis

ol not only thrombosis but also of a pre-thrombotic state.

Keywords: Pre-thrombotic state, deep vein thrombosis (DVT), soluble fibrin (SF), disseminated intravascular coagulation

(DIC).

INTRODUCTION

The presence of soluble fibrin (SF) [1] in plasma is an
indicator of thrombin activation in the blood as are the
thrombin-antithrombin complex (TAT) (2) and prothrombin
fragment F1+42 [2]. SF, D-dimer and fibrinogen degradation
products (FDP) are fibrin-related markers which are also
considered useful for the diagnosis of thrombosis, and are
reported 1o be elevated in deep vein thrombosis (DVT)/ pul-
monary embolism (PE) [3-5], disseminated intravascular
coagulation (DIC) [6-8). acute myocardial infarction (AMI)
[9, 11] and thrombotic thrombocytopenic purpura (TTP)
[11]. The International Society of Thrombosis and Haemo-
stasis (ISTH) established the diagnostic criteria for oven-
DIC using fibrin-related markers [12]. D-dimer is widely
used to diagnose thrombosis as DVT but many of the com-
mercially available D-dimer assay kits contain different
monoclonal antibodies and standard substances, and are
based on different assay systems. Since the issue of stan-
dardization of D-dimer assays remains to be resolved, sev-
eral studies [13, 14] reported basic data for the standardiza-
tion of D-dimer.
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Thrombin cleaves fibrinopeptide A and B from the
Aaand Bfichains of fibrinogen, respectively. These are called
desAA-fibrin monomer (FM) and desAABB-FM, which
polymerize with each other and form fibrin clots. These
molecules in soluble form circulate in the blood and are
termed as SF. SF mainly consists of desAA-FM or de-
SAABB-FM, which forms a complex with fibrinogen or its
derivates [15-17]. Recently, the monoclonal antibody J2-23
which recognizes the epitope within the AaS02-521 region
of fibrinogen, was developed for measuring the SF level
[18].

The present study was designed to evaluate the useful-
ness of the New SF assay in the diagnosis of thrombosis and
the pre-thrombotic states associated with DVT, DIC, and
cerebral thrombosis, For this purpose, we determined the
plasma concentration of these molecules in 748 patients sus-
pected to have thrombosis and 91 healthy volunteers.

MATERIALS AND METHODS

Subjects

From January 1, 2004 10 December 31, 2006, 748 pa-
tients (median: 25% percentile - 75% percentile) (63 years of
age; 49-72 years of age; 490 females and 258 males) were
suspected of thrombosis (DVT, DIC or CT) in the hospitals

© 2008 Benth o Publisk Ltd.
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affihated with Mie University Graduate School of Medicine
The plasma concentrations of hemostatic molecular markers
were examined in these patients and correlated with throm-
bosis The study protocol was approved by the Human Ethics
Review Committees of the participating institutions and a
signed consent form was obtamned from each subject. Fourty-
nine patients who were 3 days of having undergone an op-
eration (OPE) and 31 patients who had already undergone
liver transplantation (LT) were excluded from the analysis
for thrombosis or pre-thrombotic state. Among the remaining
668 patients, 435 patients (62 years of age, 45-71 vears of
age, 267 females and 168 males) did not have any thrombo-
s1s, 208 patients had thrombotic diseases and 25 patients had
thrombosis within a week after blood sampling. There are
149 with DVT (67 vears of age. 53-74 vears of age: 113 fe-
males and 36 males). 33 with DIC (65 vears of age. 51-75
vears of age; 21 females and 12 males), 15 with cerebral
thrombosis (68 years of age, 67-75 vems of age, 7 females
and 8 males) and 11 other thromboses (69 years of age, 54-
74 vears of age. 7 females and 4 male) DVT was diagnosed
with echo or venography. DIC was diagnosed by the ISTH
overt-DIC diagnostic critena (10). Cerebral thrombosis was
diagnosed by computed tomography (CT) or magnetic reso-
nance imagmg (MRI) and AMI was diagnosed by the elec-
rocardiogram and laboratory data Among the underlying
discases in these patients, cancer was identified m 111 pa-
tents, orthopaedic conditions in 257, haematological dis-
eases in 44, autoimmune diseases m 39, thrombophiha in 28,
miectious diseases m 20, digestive discases i 71, cardiovas-
cular diseases in 86, diabetes mellitus i 14, obsteine discase
in 11, trauma and bum in 9, no underlying disease in 30, and
other diseases in 33 (Table 1),

Citrated blood samples were obtamed (rom the peripheral
veins of healthy subjects (see below) and patients under fast-
ing condition and then centrifuged for 20 mmutes at 3,000
mpm  The supematants (plasma) were analyzed within 4
hours. The plasma concentrations of SF and D-dimer were
measured m patients with thrombosis at the onset and those
without thrombosis at the first consultation. The same pa-
rameters were also measured in 91 healthy subjects (mean
age, 21 5 years, range, 20 - 28 vears; 57 males and 34 fe-
males), who were free of any diseases meluding thrombonie
disease or hyperlipidemia as confirmed by an annual medical
checkup

Measurement of Plasma Concentrations of Hemostatic
Molecular Markers

The plasma levels of SF were determined by the latex
agglutmation method using three different kits, IATRO SF
(Mitsubishi Chemical Medience Corporation. Inc.. Tokyo,
Jupan) contaiming the monoclonal antibody [F-43(17), Auto
LIA FMC (Rosch Diagnostics, Tokvo, Japan) contaming
monoclonal antibody F405 [19] and Nanopia SF (Dauch
Pure Chenncal, Tokyo, Japan) containing monoclonal anti-
body 12-23 [18] IF-43 recognizes a segment of the fibrin Aa
chain [(Aw-17-78) residue segment| exposed m the E region
of the fibrin monomer (FM) when the FM molecule binds
the D region of another FM or fibrmogen [17] F405 recog-
nizes a segment in the N terrminal region of the [tbnn Aa
chain (Aa-17-25) 12-23 recognizes an epilope m the C-
terminal region of the fibrm Aa chain (Aa-1502-521) [18]
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Wady eral

The plasma D-dimer and FDP levels were measured by the
latex aggluimation method using the Nanopia D-dimer and
Nanopia FDP (Danchi Pure Chemical, Tokyo, Japan) The
plasma thrombin antithrombin complex (TAT) and plasmin
plasmin inhibiter complex (PPIC) were measured by ELISA
using 8 TAT test Kokusai F (Sysmex, Kobe, Japan) and PIC
test Kokusa F (Sysmex. Kobe, Japan), respectively

Statistical Analysis

The data are expressed as median (25% -75% percentile)
Differences between the groups were exammed for statistical
sigmificance using the Mann-Whitney's U test while correla-
tons between the two variables were tested by Pearson’s
correlation analysis. A P value less than 005 denoted the
presence of a stabstically significant difference. All statisti-
cal analvses were performed using the SPSS II software
package (SPSS Japan, Tokyo)

RESULTS

In healthy subjects. the plasma concentrations of New SF
were not distnibuted normally, with a maximum value of 9.8
pg/ml, mmmum value Opg/ml, and median value of 03
pg/ml In healthy volunteers, the 95% confidence mterval
(CI) of New SF was from 0 pg/ml to 547 pg/ml

The frequency of thrombosis was high m obstetric dis-
ease, mfectious disease and thrombophilia and the absolute
number of thromboses was high m cancer and cardiovascular
disease (Table 1) The plasma levels of New SF tended to be
high 1n all subjects with underlying disease. especially those
with obstetne or infections discase The plasma levels of
IATRO SF, LIA AUTO FMC, D-dimer, FDP and TAT were
also tended to be high in all patients with underlving dis-
eases, but those of PPIC were not markedly high in those
(Table 2). The plasma levels of New SF were sigmficantly
higher in  patients with thrombosis (22 3pg/ml, 10 9-
40 9pg/ml) than patients without thrombosis 5 9yg/ml; 2 6-
15 9pg/ml) or liver transplantation (9.6pg/ml. 5 2-28 3pg/ml)
(p< 0.01, respectively) but there was no sigmficant daffer-
ence in the New SF level between those with thrombosis and
those after operation (22 1pg/ml;, 10.7-31 Tpg/ml) (Fig. 1)
The plasma levels of IATRO SF and AUTO LIA FMC were
also significantly higher m patients with  thrombosis
(8 9pg/ml 39-237ug/ml and 11 Spg/ml. 5050 8pg/ml,
respectively) than i those without thrombosis (2 Spg/ml.
074 Tpg/ml and | 6pg/ml. 0.7-3.6pg/ml, respectively ) (p<
001, respectively) (Fig 1) The plasma levels of New SF
were sigmificantly elevated m patients with DVI/TE, DIC.
cercbral thrombosis or other types of thrombosis and IATRO
SF, AUTO LIA FMC, D-dimer, FDP or TAT were markedly
elevated m patients with DVT/PE, DIC or cerebral thrombo-
ms, and the plasma PPIC levels were morkedly elevated in
patients with DVT/PE or DIC (Table 3). There was no sig-
nificant difference in the New SF levels among DVT/PE,
DIC. cerebral thrombosis and other thromboses (Fig. 2).

The plasma levels of New SF were closely correlated
with these of IATRO SF (Y = 993 + 0.99 X, r = 0.669, p<
0.001) (Fig. 3A) or AUTO LIA FMC (Y= 1415+ 027 X. 1
= (0527, p< 0.001) (Fig 3B). The correlation coefficient ol
New SF with the other hemostatic molecular markers 15
shown in Table 4
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Tablel. Underlying Discases of the Subjects

i~ ' “;‘t‘;‘: ir s v Loovr 1 me cr 1 Others
pronditd | @ | o o ) N o | ow
Cancer L esssemy | s:s | mgo7 B | 809 0(0) } 2018
Orthopacdic Docwses | 63(84-70) | 204:83 | wos% | ss@m | 0 206 | 1003
Hematological Diseases | 5833 - 66) | 27 | s 148 | 245 0 1123)
Assclavswe Dissters | 3608-8) | | 354 | 7041 s@n | 0 1(34) 0
Thombophilia | 4903-67) | 24:4 | 12429 (79 | 106 | 404y 2
Infectivus Discases | 67(%6 -63) i 713 | 9(450) IL ] [ ®a0m | 0 TE]
Digesuve Diseases | 57(45-65) M3 | ed2sm | agun 114 l 0 0
Caniovascular Diseases | 64(47-72) [ S8:28 31 (360) 18209) | 102 5(58)
Dishetes mellis | 68¢61-77) | B:6 3(35.7) 20142) 0 (S Yy, ) 2
Obstcmc Disesses | 36030-40) | 1120 645 | aced | 2082 | 0 0
Trauma / burn : 61(43-79) 4:5 31333) 0 1(2122) oy | 0
OherDicass | 633-70 | 15:18 | 39m fem 2| 20 | 0 : 0
No underlying dwease | 63(49-74) | w12 | 30(100) x@n | 10y | a0 | 0
TH: thivasboss, DVT. deep vein thrombotis, DIC. disseminstcd ot cregulasion, CT. ccnchral thrmbosis
Table2.  Hemostatic Molecular Markers in Underlying Diseases of the Subjects
Dlasses NewSF | IATRO SF(A) L“F::cm D-Dimer | FDP | mic | TAT
(pe/ml) I (pg/ml) (pgiml) (pug/ml) | (pg/ml) | ipg/ml) (ng/ml)
Cancer 8904-217 | 32012-75 | 2107-720 | 1409-51) | 33(16-56) | 0906-13) | 34018-90)
Orthopacdic Discase | 108 (4.6-245) | 32(08-70) | 38(16-R1) | 34(11-87) | K3(26-166) | 08(06-11) | 7627-156)
Hemawlogical Disease | 9.3(29.224) | 17(0.4-52) | 10006-25) | 08(07-11) J_ 16(12-24) | DS(04-0.7) ' 1A(L1-20)

Autoimmune Disease | 92 (31-258) | 29011-49) | 1606-41) | 10(07-43) | 2202-84) | 06(04-08) | 190.1-87)

25(1.0-53) 15(09-32) 22(1.6-65) 04(04-08) | 25(1.6-T78)

Thrombophilia 132(67-240) | 22(0-34)

Infections Disease IQ.I(ID,D-]‘).?IE 66(35-120 | 92(42-177 | S 24-12.0) | 132(5335-213) | 12(08-1.6)  91(42-224)

| |
Digestive Disease 79 31-18%) I 47(29-164) | X122-206) | 32().1-79) 63(26-114) | 08(05-1.2) | 49Q0-212)

Cardiovasculsr Disesse | 93 (29-249) | 35(10- 105 | 27(09-95) 20i(08-1.5) 29(1.2-108) | 07(05-L4) | 14(1.2-123)

Disbetes mellitus 123030 -234) | 42(31-62) | 20(12-46) 17408 - 6.6) 36019137 | 07(05-09) | 31 (15-109)

Obsteme Disease 193 (144-2.2) | 69(33-103) | 340156119 | 3T(15-3.1) 6A4(S2-115) | OS(OA-38) | TOR6-243)

Trauma / burm 221(123-376) | 108(77-437) | 148(46-787) | 101 (38-292) | 279(128-4640 | 15(09-3.0) | 184(62-503)

Other Diseases 46(22-131) 21106-4.5) 12(05-26) | 08(0.7-13) 14(10-28) 080509 | 17(L1-23)
!

|
d
1

No underlying disease 13,411,4-;13}1:9.1(11.!01: 13649-111) | 81 (39-18.00 | ISRK1-225) | 1.7(08-51) | 11.9(64-216)

Dat show the median | 25% - 15%) percentile.
SF wilahle Shrin, FMC fibtin monomer comples, FOP Bhein and fibnnagen degrad prod PPIC. plesoin plasmun whibwior comples, TAT thrnambi ithrombin compl
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Fig. (1). Plasma concentrations of New SF, IATRO SF and AUTO LIA FMC in patients without thrombaosis, those with thrombosis, those

after operation and those with livent transplantation

TH: thrombosis, operation: patients within 3 days after operation, LT patients after liver wansplantation. **; p< 0,01 compared 10 patients

without thrombosis.
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Fig. (2). The plasma concentrauons of New SF in patients with DVT/PE, DIC, cercbral thrombosis and other diseases

CT: cerebral thrombosis.
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Table3. Hemostatic Molecular Markers in DVT/PE, DIC, CT or Other Thrombosis
LIA AUTO ‘
. | NewSF IATRO SF mrT D-dimer FDP PPIC ' TAT
(pg/ml) (pg/ml) | (pgml} (pg/ml) {pg/ml) | (ng/ml}
(pgmh |
DVTPE 04(99-403) | $940-250) | 100(S2-519) | 88(46-159) | 160(89-345) | 12(08-21) | 133(70-3LD)
bic B33 6-413) 116(65-M7) | 266(108-520) WI{T0-253) 168(94-339) LA{08-26) ' 224 (118-392)
cT 197(98-336) | 63(12-163) | 52(27-169) S1(26-84) 100(69-173) 08i07-11) EE (3%-13%)
] i
Others FSD(IG‘F-‘MM: S5(17-401) | 14(07-534) 18(07-102) ITiR-154) | 07 04-19 26 (15-169

Diata aliow the medhan | 25% - 755 percenule
TH thrombems. DA'T deep viem thrombosn, DIC disvem auted wlr v meula

CT cevelual th

SF scluble fitesn, FAC fibon menome amples, FOT Gltm and Glbemogen degradation products. FPIC plasmn plasn sdubator comples., TAT daombe satebromben comples
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Fig. (3) The relationship between New SF and IATRO SF (A) and AUTO LIA FMC (B).

Tabled, Correlation Coeflicient of New SF with the Hemostatic Molecular Markers

| o | L
IATRO SF l 0,669 | P 0.001
AUTO LIA FMC ' 0528 P 0.001
D-dimr 0360 p 0,001
¥ FoP 0.434 pe 0,001
PRIC | 0219 | p 0,001
TAT j 0.392 < 0001

SF soluble fibrm, FMC (fem motsener ccmmples. FUP fibom and filvmogen degradaton producs, FPIC plasm i plasmin wdilnos complex. TAT theemban misthrombe comples

There were 235 patients m which blood samples were col-
Jected within a week before the onset of thrombosis (19 with
DVT/PE. 3 with DIC and 3 with cerebral thrombosis) The
plasma levels of New SF withm a week before the onset of
thrombosis (8 Opg/ml; 4.9-20 Sug/ml) were sigmficanily
higher than those m patients without thrombosis (p< 005)
but there was no sigmficant difference of the plasma levels
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of IATRO SF (0 8pi2/ml; 04-1 65pg/ml) . AUTO LIA FMC
(1 Spg/ml, 0 84 3pg/ml), FDP (2 1yg/ml. 1 5-3 8g/ml), D-
dimer (14pg/ml, 1.1-26pg/ml), PPIC (0.6pg/ml, 0.5-
0 8ptg/ml) and TAT(3 9pg/ml. 3 2-9 2pg/ml) between those
within a week before onset of thrombosis and those without
thrombosis (Fig 4)
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Fig. (4). The plasma levels of New SF, IATRO SF, AUTOLIA FMC, D-dimer, FDP, TAT, PPIC in patients within a week before the onset
of thrombaosis.

DISCUSSION

In healthy subjects, the normal range of New SF levels
was less than 6.0 pg/ml, and that was similar to the other two
SF levels [17, 19]. The monoclonal antibodies in all three
assays recognize the a-chain of fibrinogen, which is an im-
portant site for the activation from fibrinogen to fibrin by
thrombin. With regard to the underlying diseases that are
frequently associated with thrombosis, such as DVT and
DIC, the nsk for thrombosis should be evaluated by a simple
test and then treated with adequate agents immediately. In
the present study, the plasma levels of all three SFs were
tended to be high in all underlying diseases associated with
thrombosis, and those were significantly elevated in patients
with thrombosis, with liver transplantation or after an opera-
tion, but there was no significant difference among those
with thrombosis, with liver transplantation, or following an
operation. The concentrations of the three SFs were signifi-
cantly elevated in patients with thrombosis such as DIC,
DVT and CVA. Therefore, the high concentrations of SF
could be considered as markers of thrombosis, since both
parameters were also reported to be elevated in DVT [20,
21], DIC [20, 22] and diabetes mellitus [23]. There was no
significant difference in the New SF levels among DVT/PE,
DIC, cerebral thrombosis and other thromboses, similar to
the other SFs [20]. Indeed, the plasma levels of New SF were
closely correlated with those of IATRO SF or AUTO LIA
FMC and moderately correlated with those of TAT or D-
dimer.

The early detection of the thrombotic state is very impor-
tant; since PE is a common, frequently undisgnosed, and
potentially fatal event. Because the symptoms of PE are
common, including dyspnoea and chest pain [24-26], the
early recognition of DVT [27] and PE [28] is important
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clinically. Cerebral thrombosis sometimes has a fatal out-
come and often reduces the quality of life. DIC [29] is often
observed in patients with leukaemia. solid cancers, infec-
tions, gynaecological conditions and aneurysms, and it is
frequently associated with severe bleeding and organ failure.
Since DIC is a fatal condition. it is important to promptly
diagnose DIC by hemostatic molecular markers [30]. Fibrin
related marker such as D-dimer and SF are considered to be
useful for the diagnosis of thrombosis and the SF level re-
flects the early phase of DVT/PE while D-dimer reflects the
secondary fibrinolysis after clot formation [20].

The plasma levels of new SF were significantly elevated
in patients with thrombosis within a week before the onset of
thrombosis, but the plasma levels of IATRO SF, AUTO LIA
FMC, FDP, D-dimer, PPIC and TAT were not significantly
mcreased within a weck before the onset of thrombosis.
These findings indicate that the New SF assay may be useful
for the detection of the pre-thrombotic state. The diagnosis
of the pre-thrombotic state which is a hypercoagulable stte
before the onset of thrombosis, is considered to be important
in preventing the progression of pre-DIC 10 overt-DIC [6].
By an early diagnosis of the pre-thrombotic state (hyperco-
aguluble state), we might prevent the onset of thromboses
such as DVT, PE, DIC or cerebral thrombosis and thereby
improve the outcome in various underlying diseases which
carry a risk for the development of thrombosis.
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Cutoff Values of D-Dimer and FDP in Plasma for the Diagnosis of Throm-
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Abstract: Fibrin-reluted markers, such as fibrin and fibrinogen degradation products (FDP) and D-dimer, are considered
useful for the diagnasis of thrombosis, However, the evidence for making a diagnosis of thrombaosis based on fibrin-
related markers is still not yet well established.

The plasma concentrations of soluble fibnin and D-dimer were prospectively { in 680 wpati 7
havi h October 1, 2003 and January 31, 2005, and correlated with thrombosi

The normal ranges of D-dimer and FDP were within 0.76 pg/ml and 1.50 pg/ml, respectively. Out of 680 patients. 129 pa-
tients showed plasma concentrations associsted with thrombosis, including 73 with deep venous thrombosis (DVTY pul-
monary embolism (PE). The plasma D-dimer and FDP concentrations were significantly higher in the patients with
thrombaosis than in the patients without thrombosis, but there were no significant differences in the D-dimer and FDP lev-
els among the patients with thrombosis. The plasma D-dimer levels were significantly correlated with the plasma FDP
levels in all the patients and there was no significant difference in the ratio of FDP/ D-dimer among the various diseases.
A ROC analysis showed that both FDP and D-dimer were useful for the diagnosis of all types of thrombosis and DVT.
The cutofl values of D-dimer (3.8 pg/ml) and FDP (7.7 pg/ml) had high sensmivity, specificity and negative predictive
values (NPV) but low positive predictive value.

Our findings suggest that FDP showed a close correlation with D-dimer, which is known to be o marker for a hypercoagu-
lable state, and it is also reflects a high risk for thrombosis,

ted of

o Teain

Keywords: Hypercoagulable state, deep vein thrombosis, fibrin und fibrinogen degradation products, D-dimer.

INTRODUCTION

Fibrin and fibrinogen degradation products (FDP) includ-
ing D-dimer, are considered to be useful for detecting the
state of thrombosis, and they have been reporied to be ele-
vated in deep vein thrombosis (DVT)/pulmonary embaolism
(PE) [1-3], disseminated intravascular coagulation (DIC) [4,
5], acute myocardial infarction (AMI) [6, 7] and thrombotic
thrombocytopenic purpura (TTP) [8]. However, a serum
assay of FDP can be rather time consuming since it is neces-
sary to wait for clot formation and clot lysis. Recently, the
FDP levels in plasma were reporied to be successfully meas-
ured using a specific monoclonal antibody [9]. thus making
the plasma FDP assay as fast and easy perform as the D-
dimer assay. The International Society of Thrombosis and
Haemostasis (ISTH) has estblished the diagnostic criteria
for overt-DIC using fibrin-related markers; FDP, D-dimer
and soluble fibrim [10], D-dimer is widely used to diagnose
thrombosis as DVT but many of the commercially available
D-dimer assay kits contain different monoclonal antibodies.
standard substances and they are based on different assay

* Adidress w this author at the Departmem of Laborutory
Medicine, Mie University School of Medicine, 2-174 Edobashi, Tsu-city,
Mie-ken 514-8507, Japan: Tel: £1:89-232-1111; Fax: §1-59-231-5204;
E-mail: wadahidewclin medic mie-u.ac jp

1567270008 SS5,00+.00
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systems. Several studies [11. 12] have reported basic dat for
the standardization of D-dimer assays; however, this issue
remains to be resolved.

PE is a common, frequently undiagnosed, and potentially
fatal cause of several common symptoms, including dysp-
noea and chest pain [13-15]. Since PE is often a fatal disease
caused by DVT, an early clinical evaluation of DVT [16] and
PE [17] is therefore crucial. In this regard, D-dimer has been
reported to be a negative predictor for DVT and a D-dimer
level of less than 0.5 pg/ml is considered to exclude DVT/FE
with the most commonly used D-dimer assays in Europe and
North America [16). DIC [18. 19] is often observed i pa-
tients with leukaemia, solid cancers, infections, gynaecologi-
cal conditions and ancurysms, and it is also frequently asso-
ciated with severe bleeding and organ failure. Since DIC is a
fatal condition [20), it is important to disgnose it early using
hemostatic molecular markers [21].

The present study was designed to evaluate the cutoff
values of FDP, including D-dimer. in the diagnosis of sev-
eral types of thrombosis, including DVT, DIC, cerebral
thrombosis, and AMI, prospectively. For this purpose, we
determined the plasma concentrations of these molecules in
680 patients suspected of having thrombosis, as well as in
100 healthy volunteers.

© 2008 Bentham Science Publishers Lid.
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MATHERIALS AND METHODS
Subjects

From October 1, 2003 o January 31, 2005, 630 patients
(age, 602 £17.3 years, mean £ SD; 411 females and 269
males) were suspected of having thrombosis (DVT or DIC)
in the hospitals affiliasted with Mie University School of
Medicine. Plasma concentrations of FDP and D-dimer were
examined in these patients and correlated with thrombosis,
The study protocol was approved by the Human Ethics Re-
view Committees of the participating institutions and a
signed consent form was obtained from each subject. Thirty-
five patients within 7 days after operation (OPE) and 28 pa-
tients who had undergone liver transplantation (LT) were
excluded from analysis of the cutoff value. Among the re-
maining 617 patients, 488 patients (56.8 £17.9 years; 279
females and 209 males) did not have any thrombosis, while
129 patients had thrombotic diseases [73 with DVT (62.7
£ 17.8 years; 60 females and 13 males) including 30 with
DIC (64.7 £ 15.1 years; 10 females and 20 males), 12 with
cerebral thrombosis (71.0 %29 years; 5 females and 7
males); 6 with acute myocardial infarction (AMI) (68.1
+11.5 years; 2 females and 4 males), 4 with arteriosclerosis
obliterans (ASO) (71.2 £7.0 years; 2 females and 2 males)
and 4 with portal vein thrombosis (63.1 =113 years; 2 fe-
males and 2 males)] (Tuble 1). DVT was diagnosed with
Doppler ultrasonographic examination or venography. DIC
was diagnosed using the ISTH overt-DIC diagnostic criteria
[10]. Cerebral thrombosis was diagnosed by either computed
tomography (CT) or magnetic resonance imaging (MRI) and
AMI was diagnosed by the electrocardiogram and laboratory

Kaneko vt al

data, Portal vein thrombosis PVT was diagnosed by Doppler
ultrasonographic examination or CT. Among the underlying
disenses in these patients, cancer was identified in 184 pa-
tients, orthopaedic conditions in 152, cardiovascular diseases
in 66, digestive diseases in 39, infectious diseases in 33,
autoimmune diseases in 31, hematological diseases i 23,
diabetes mellitus in 15, obstetrics in 13, thrombophilia m 10,
trauma and bums in 9, and no underlying diseases in 31 (Ta-
ble 1).

Citrated blood samples were obtained from the peripheral
veins of healthy subjects (see below) and patients under fast-
ing conditions and then centrifuged for 20 min at 3,000 rpm.
The supematants (plasma) were analyzed within 4 h. Plasma
concentrations of FDP and D-dimer were measured in pa-
tients with thrombosis at the onset and those without throm-
bosis at the first consultation. The same parameters were also
measured in 100 healthy subjects (mean age, 41.5 years,
range, 20 - 58 years; 47 males and 53 females), who were
free of any diseases including thrombotic disease or hyper-
lipidemia as confirmed by an annual medical check-up.

Measurement of Plasma Concentrations of D-Dimer,
FDP, Antithrombin, Plasmin Inhibitor and Plasminogen

The plasma D-dimer and FDP levels were measured by
the latex agglutination method using the Nanopia D-dimer
and Nanopia FDP (Daiichi Kagakuyakuhin, Tokyo, Japan).
The activities of antithrombin, plasmin inhibitor and plasmi-
nogen were measured by the chromogenic substrate method
using a testchyme ATII 2 Kit, testchyme APL 2 kit and test-
chyme PLG 2 kit (Daiichi Kagakuyakuhin), respectively.

Table 1. Underlying Discases of Subj
! pviee | mc | cr | AMI | 4SO d BYY TH() . Total
Orthopaedic € | ) iy | .' 126 | . 152
Solid ongan cancer A 7 2 |25 S mhe . 1
Digestive D 3 L %detasr =" T
Cardiovascular D 3 5 | T ) S AR
Infectious D 12 | { gy 3
Without underlying D | 22 2 o R ) ' D LS 5
Autoimmune D el | | R
Hematological D pria 2 i | 0»
Diabetes mellirus L 1 3 (£ R -
| Obstene i At Y | v 2
Thrombophilia ! -l . | [ T e
Trauma/burm T (o ' YTl Ty
Others | | 9 | il
Toul { T 30 12 6 4 4 s | o617
('.’:uadilm:;(?: di:n:?. DVT: dlup w'mr; p:nll ‘: I‘,‘;‘M“‘“‘*";“‘hl:('w‘ k lation. CT: cerchral thromb AML: scute myocandial
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Statistical Analysis

All data are expressed as the mean £ SD. The differences
between the groups were examined for statistical signifi-
cance using Maonn-Whitney's U test while comrelation be-
tween 2 vanables was tested by Pearson’s correlation analy-
s15. A P value less than 005 denoted a significant difference
The usefulness of D-dimer and soluble fibnn (SF) for the
diagnosis of thrombosis and DVT was exammed based on a
receiver operating charactenstic (ROC) analysis [22] The
cutofl values were determined by the ROC analysis All sta-
tstical analyses were performed using SPSS 1l software
package (SPSS Japan, Tokyo)

RESULTS

DVT or PE was observed in various diseases, although
the frequency of DVT or PE was markedly high m the pa-
uents with orthopaedic diseases and solid cancer. Mean-
while, the frequency of DIC was high in the patienis with
infectious diseases and solid cancers (Table 1) In the healthy
subjects, the plasma concentrations of D-dimer and FDP
were not distnbuted normally, with maximum values of 1.16
ug/ml and 2.40 pg/ml mmmum values of 025 ug/ml and
0,50 pg/ml, and median values of 048 pg/ml and 090
pig/ml, respectively In the healthy volunteers, the 95% con-
fidence ntervals (CI) of D-dimer and FDP were 0 76 pg/ml
and 1 50 pg/ml, respectively.

The plasma D-dimer and FDP concentrations (median;
25 % - 75% tile) were significantly higher in the patients
with thrombosis (945 pg/ml, 415 - 1494 pg/ml and
14.77pg/ml, 799 — 23 34 pg/ml), OPE (7.13 ug/ml, 2.89 —
1194 pg/ml and 1110 pg/ml, 601 — 1814 pg/ml) or LT
(688 pg/ml, 237 ~ 10.77 pg/ml and 1128 pg/ml; 4 58 -
16.53 ug/ml) than in the patients without thrombosis (1 09
pg/ml; 0.74 - 229 pp/ml and 217 pg/ml 146 — 464
pg/mlyp< 0.001, respectively). The plasma D-dimer and
FDP concentrations were also significantly higher in the pa-
tients without thrombosis than in the healthy volunteers (p<
0001) (Fig (1)) However, there were no significant differ-
ence i D-dimer and FDP levels among the patients with
thrombosis, those with OPE and those with LT, and among
various underlying diseuses. The plasma levels of antithrom-
bin (AT), plasmmogen and plasmin mhibitor actvity were
sigmificantly lower m the patients with thrombosis than in
the patients without thrombosis, and the plasma levels of
plasminogen and plasmin mhibitor sctivity were signifi-
cantly lower m the patients with LT than m those without
thrombosis (p< 0.01. respectively) (Table 2).

The plasma D-dimer and FDP concenirations were sig-
mificantly higher in the patients with DIC (990 pg/ml, 5 30 -
17 50 pg/ml and 1500 pg/mk 8.60 - 36 40 pg/ml) and DVT
(10.1 pg/ml, 495 — 1635 pg/ml and 1730 pe/ml. 830 -
26.73 pg/ml) than i the patients withoul thrombosis (p<
0.01, respectively) (Fig. (2)). The plasma D-dimer and FDP
concentrations were higher in the patients with cerebral
thrombosis (CT) (4.70 pg/ml, 155 - 965 pg/ml and 800
ug/ml. 4.00 = 1590 pg/ml) and ASO (980 pg/ml. 780 -
16 40 pg/ml and 1520 ug/ml 860 - 1870 ug/ml) than in
the patients without thrombosis (p< 0.05, respectively)
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The plasma D-dimer levels were significantly correlated
with the plasma FDP levels i all patients (Y = 0489 X +
0525, R= 0962, p< 0.001) (Fig (3)). There was no signifi-
cant difference in the ratio of FDP/DD among the various
discases. In the patients with more than 100 pg/ml. 97 pa-
tents had more than 70% of plasminogen levels and 78 pa-
tients had less than 70% of plasminogen levels The lormer
was conswulered the normal fibrinolvsis group and the latter
was the hyper fibrinolysis group. There was no significant
difference in the ratio of FDP/D-dimer between the normal
fibrinolysis group (1 64, 1 51 - 1.97) and the hyper fibrmaoly-
sis group (1 55, 146 - 1.79)

Fig (4) shows the positive predictive values (PPV) for
several culoff values of D-dimer and FDP i the patients
with thrombosis When a D-dimer value of 3.0 pg/ml and
an FDP value of =6 0 pg/ml was used, more than 50% of
patients, excluding those with liver transplantation or post-
operation, had some thrombosis.

An ROC analysis showed that both FDP and D-dimer
were useful for the diagnosis of all types of thrombosis and,
m particular, DVT (Fig. (5)) The arcas under the curve
(AUC) of D-dumer were similar to that of FDP in all types of
thrombosis and DVT/PE. The ROC analysis provided ade-
quate cutoff values of D-dimer and FDP for the diagnosis of
all tvpes of thrombosis and DVT/PE (Table 3). The cutoff
values of D-dimer (3.8 and 3 4 pg/ml) for the diagnosis of all
types of thrombosis and DVT/PE were similar, while those
of FDP (7.6 and 7.7 pg/ml) were also similar Both D-dimer
(3.8 pg/ml) and FDP (7.7 pg/ml) had lugh sensitivity, speci-
ficity and negative predictive value (NPV) but low positive
predictive value

DISCUSSION

In our study, the frequency of DVT or PE was the highest
among the vanous types of thrombosis and DVT or PE was
frequently observed in orthopaedic diseases and solid organ
cancer, while the frequency of DIC was high in mfectious
diseases and solid organ cancers, These findings are similar
to previous reports [13, 14, 19, 23] The frequency of throm-
bosis depends on the underlying disease. Regarding the un-
derlying diseases that are [requently associated with throm-
bosis, the risk for thrombosis should be evaluated by a sim-
ple test such as D-dimer and FDP

In the study, the normal ranges of D-dimer and
FDP were within 0.76 pg/ml and 1.50 pg/ml, respectively
There are many D-dimer assay kits and the cut ofl value de-
pends on the Kit used. In the most commonly used D-dimer
assay i Europe and North Amernica, D-dimer concentrations
of less than 0.5 yg/ml are considered to exclude DVT/PE [6]
However, n Japan, the D-dimer concentration is more than
05 pg/ml n many patients without thrombosis and this cut-
off value is therefore not useful as a NPV for DVT/FE in
Japan [24], especially because the D-dimer kits that are fre-
quently used n Japan have a wide normal range (about 03 —
25 pg/ml) The plasma D-dimer and FDP concentrations
were also sigmficantly higher m the patients without throm-
bosis than m the healthy volunieers, suggesting that some
underlving diseases may merease m FDP and D-dimer levels
without causing thrombosis.
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Fig. (1). The plasma levels of FDP and D-dimer in patients with or without thrombaosis, either post-operation or afier a liver transplantation

A) FDP, B) D-dimer.

Table2. Plasma Levels of Antithrombin, Plasminogen and Plasmin Inhibitor

Without TH ' With TH Post Operation LT
4

Antithrombin [ 96,8 3530 | 90.5% 88.1°
(%) | {86.5 - 107) (73.8-982) | (803 -.97.2) (62.1 - 1(4.%)

Plasminagen 99.0 90,74+ i 880 24
%) (RE0 - 1096) {729 - 10%.2) (7941039 414-87.0)

Plasmin imhibiior 1.0 9.9 : 97 3e» 76,3
% ' (950 1133) (850 - 108.2) ; (90.3-1052) (613-92.6)

Dhatn wee shiown o meden (25 % tile - 75 % ule)
=5 p< 000, % p=< 0.05 in compariumn (o without TH.
TH: th hosie. LT liver 1 s

Although the plasma D-dimer and FDP concentrations
were significantly higher in the patients with thrombosis than
in the patients without thrombosis, there were no significant
differences in the D-dimer and FDP levels among the pa-
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tients with thrombosis, those who were post-operation and
thase with LT, thus suggesting that these assays may be use-
ful for patients on medication alone or for pre-operative pa-
tients. In the present study, we demonstrated that the concen-
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Fig. (2). The plasma levels of FDP and D-dimer in patients with various types of thrombosis.

A) FDP, B) D-dimer

DVT: decp vein thrombosis, PE: pulmonary embolism, DIC: disseminated intravascular coagulation, CT: cerebral thrombosis. ASO:
AMI: scute myocardial infarction, PVT: portal vein thrombosis, TH: thrombosss, **: p< 0.01, *: p< 0.05.

trations of both D-dimer and FDP were significantly high in
the patients with thrombosis, such as DVT/PE, DIC, CVA
and AMI. Therefore, high concentrations of D-dimer and
FDP could he considered as markers of thrombosis, since
both parameters have also been o be elevated in
DVT [25. 26], DIC [4, 27) and hyperlipidemia [28]. We pre-
viously reported prospective studies that evaluated the solu-
ble fibrin (SF) and D-dimer assay and the cutoff value of the
diagnosis for thrombosis [23]. These findings were similar to
those of previous repons [23].
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The plasma D-dimer levels were significantly correlated
with the plasma FDP levels in all patients. It has been re-
ported that the positive rate of FDP for thrombosis depends
on the plasma levels of D-dimer [29]. There was no signifi-
cant difference in the ratio of FDP/DD among the various
diseases and between the normal fibrinolysis group and the
hyper fibrinolysis group. It has also been reported that there
is a hyperfibrinolyitc type and a hypofibrinolytic type of DIC
[30, 31}, thus suggesting that the ratio of FDP/DD might be
higher in the hyper fibrinolysis group than in the normal fi-
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Fig. (3). Relationship between the plasma FDP and plasma D-dimer levels.
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Fig. (4). Positive predictive value for thrombosis according 1o each FDP or D-dimer level.

brinolysis group. In our study, the number of DIC patients
was not sufficient and hyperfibinolysis was not severe. A
reduction in the plasminogen activity is also caused by organ
failure.

When a D-dimer value of >3.0 ug/ml and a FDP value of
>6.0 pg/ml was used, more than 50% of patients had some
thrombosis, thus suggesting that these patients need anti-
thrombotic therapy, such as aspirin for atherosclerotic
thrombosis or warfarin for venous thrombosis. It is consid-
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ered that these patients with a high value of FDP or D-dimer
were in a hypercoagulable state. D-dimer is useful for the
diagnosis of DVT but the cutoff values of D-dimer should be
mentioned in each measurement kit The ROC analysis
showed that both FDP and D-dimer were useful for the
diagnosis of all types of thrombosis and, in particular, DVT
Since both AUC of D-dimer and FDP were high in the ROC
analysis, we believe that both markers are useful for the di-
agnosis of thrombosis or a hypercoagulable state. The ROC



Diagnosis of Thrembosis by D-Dimer and FDP

Table 3.

Cutofl Values of Plasma FDP and D-Dimer for DVT/PE
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| For
Cutofl value for ¢ —

DVI/PE | Thrombasis

Cotolf value

18 pgml 34 pgml

Senmtivity

| KO.X %% 800 "

Spestficity 853 %

861 % | 847%

PPV

. 46.1% | $78%

NPV W8 94" 90K " 942%

Odds ratio 442

2608 | 216

AUC 0902

0.907 | 0879
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Fig. (5). An ROC analyas for thromboss or DVT PE
A) Thrombosis, By DVT PE

analysis also provided adequate cutoff values of D-dimer and
FDP for the diagnosis of all types of thrombosis and
DVT/PE The cutof!l values of D-dimer for the diagnosis of
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all types of thrombosis and DVT/PE were similar, while that
of FDP were also similar Both D-dimer (3 8 pg/ml) and
FDP (77 pg/ml) had high sensitivity, specificity and NPV
but a low positive predictive value. In a previous study [23],
soluble fibrin (SF) was reported to be more useful than D-
dimer [or the dinsgnosis of thrombosis. The odds ratios of SF
for thrombosis, DVT and DIC were markedly high. The cut-
off value of soluble fibrin (SF) (705 pg/ml) was similar for
all types of thrombosis and DVT. A high [alse positive rate
for the D-dimer can potentially result in an increase m pul-
monary voscular imaging. an increased length of hospial
stay, and increased false positive diagnosis of DVT or PE
[32]. Therefore, we strongly consider that the culoff values
of SF and D-dimer for thrombosis should be higher than
these values.

In conclusion, our fmdmgs suggest that high concentra-
tions of plasma FDP including D-dumer also known as mark-
ers for a hypercosgulable state, reflect a high nsk for
thrombosis. However, a differential diagnosis of venous
types of thrombosis is difficult 1f it relies on a fibrin-related
marker alone
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Unilateral stress fracture of the femoral shaft combined with
contralateral insufficiency fracture of the femoral shaft after

bilateral total knee arthroplasty

Rut N1, MasaHiro HAsEGAWA, AKTHIRO Stno, and Atsumasa Uckipa
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Introduction

Various complications following total knee arthroplasty
(TKA) are becoming more widely recognized as the
number of patients and the length of follow-up increase.
Recognized complications include infection. implant
loosening, implant setting. dislocation. implant failure,
and stress fracture. Although stress fractures of the
femoral neck after TKA have been reported by several
authors, there is minimum information on the causes
and treatment of this complication.”* Moreover, stress
fractures of the femoral shaft associated with TKA are
rare. To the authors’ knowledge. only one case * has
been published thus far, and the etiology of stress frac-
tures of the femoral shaft is unknown.

A stress fracture occurs in a healthy young individual
because of repetitive overloading during training or
exercise, The reported proportions of femoral shaft
fatigue fractures, including undisplaced and displaced.
of all stress fractures varies from 3% to 43% in military
recruits and from 3% to 21% in athletes”

Considering the whole femur, bilateral stress frac-
tures account for 9%, but they rarely present in the
femoral diaphysis.”” Two of bilateral femoral diaphysis
fractures during an early phase in a runner” and in a
military recruit’’ have been reported, each of which was
an undisplaced fracture.

We report a rare case of unilateral stress fracture of
the femoral shaft combined with a contralateral fracture
of the femoral shaft of a 73-year-old woman, secondary
to TKA. The geometry of the bilateral femoral shafts
was characterized by strong lordosis and bowing. which
likely played an important role in these rare fractures.
Our patient and her family were informed that data
concerning the case would be submitted for publication.
and they consented.
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Case report

A 73-year-old woman (height 142 cm, weight 68kg.
body mass index 33.7) presented with a 23-year history
of bilateral osteoarthrosis. She complained of pain with
severe limitation of walking and used canes. The only
metabolic disease was diabetes. Preoperative radio-
graphic evaluation demonstrated varus deformity of
both knees with massive osteoarthritic changes (a varus
deformity 25° of the right knee and 19° of the left knee)
(Fig. 1). The femorotibial angle (FTA) of the right knee
was 199° and of the left knee 193°, The bilateral femoral
shaft was characterized by strong lordosis and bowing
at the middle third. Clinical examination revealed a
range of motion (ROM) of 80" flexion/-207extension of
the right knee and 80 flexion/-30°extension of the lefi
knee. Bilateral femoral neck-shaft angles were normal
(right femur 129, left femur 126°) Bone mineral density
(BMD) measurements were obtained in both hips: the
BMD in the right and left femoral neck were 91% and
72% of the young adult mean, respectively. She seemed
unable to put her weight on her left leg for long periods
because she had severe left knee pain. The BMD of the
lumbar vertebral body was 97%, suggesting normal
BMD.

She was treated with a left cemented TKA (Fg 2A),
and a right cemented TKA was performed 3 months
later (Fig. 2B). The postoperative anatomical axis was
in the normal range of the tibiofemoral valgus angula-
tion (6), FTA was improved to 1747 in both knees. The
immediate postoperative course was uneventful. Three
months postoperatively. she was pain-free and was able
to walk with total weight bearing using a cane.

At 16 months after the left TKA she fell, resulting in
severe right thigh pain. The radiograph showed a dis-
placed transverse fracture of the right femoral shaft in
the middle third. where lordosis and bowing of the
femoral shaft was prominent (Fig. 3). Open reduction
and internal fixation with an intramedullary nail was



