/

M1606
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Fig. 4. ADAMTS13-VWF interactions. (A) Folded and unfolded structures of
the VWF A2 domain. The VWF A2 domain adopts a Rossman fold with a central
6-stranded B-sheet surrounded by 5 a-helices (shown as A2 folded”) (28). The
scissile peptide bond (Tyr-1605-Met-1606) is buried within the protein core
under static conditions. The C-terminal region (residues 1,596-1,668, corre-
sponding to VWF73) (31) of the A2 domain must be unfolded to expose the
scissilte bond and the exosite-binding regions under shear-stress conditions
(shown as A2 unfolded). (B) ADAMTS13-MDTCS-VWF binding model. The
molecular surface of the ADAMTS13-MDTCS model is shown in gray and the
bound zinc ion is shown in yellow. Residues that mediate VWF binding are
depicted as in Fig. 3C, and the exosites and the catalytic cleft are indicated by
red and yellow dotted ellipsoids, respectively. The dotted green line repre-
sents a VWF molecule (residues 1,596-1,668) bound to ADAMTS-MDTCS. (C)
Close-up view of the a6 helix and surrounding residues in the VWF A2 domain.
Hydrophobic residues are indicated with red letters. Systematic charge-to-
alanine substitutions revealed that the D1653A and D1663A mutations (cyan)
reduced the substrate cleavage, the E1655A mutation (orange) slightly in-
creased cleavage, and the R1659A, E1660A, and R1668A mutations (gray) had
no significant effect (34).

ment suggests that these exosites bind collaboratively to multiple
discontinuous regions of VWF,

A recent crystallographic study revealed that the Tyr-1605-Met-
1606 scissile bond of VWF is buried within the core of the globular
A2 domain under static conditions (Fig. 44, A2 folded) (28). When
VWE is subjected to fluid shear stress in circulation or denaturants
in vitro, the A2 domain unfolds and adopts a partially extended
conformation that makes its scissile peptide bond accessible for
cleavage by ADAMTSI13 (7, 29, 30) (Fig. 44). We previously
identified VWF73 (residues 1,596-1,668) as a minimum specific
substrate for ADAMTS13 and suggested that a segment (residues
1,660-1,668) of VWET3 contains essential residues for recognition
by ADAMTS13 (31). VWF73 is more than 200 A long at its
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maximum extension, which is almost twice the distance between the
catalytic site and the distal exosite-3 in the current ADAMTS13-
MDTCS model. NMR spectroscopy has indicated that VWF73
adopts an unfolded structure (5). Therefore, the ADAMTS-
MDTCS appears to be able to accommodate, by an induced-fit
mechanism, a partially unfolded VWF73 segment along the
extended molecular surface encompassing at least 3 critical
exosites (Fig. 4B). Exosite-3 forms a cluster of hydrophobic
residues rimmed by basic residues (Fig. 3F). Both the surface
properties and the size of exosite-3 imply that exosite-3 binds to
VWF, such that the VWEF segment (residues 1,653-1,668) forms an
amphipathic a-helix (a6 as in the crystal structure, Fig. 4C) and
makes contact with ADAMTS13 by facing its hydrophobic residues
toward exosite-3. Autoantibodies that inactivate ADAMTS13 are
the most frequent cause of acquired TTP. These TTP patients
possess antibodies directed against ADAMTS13 residues 657-666
(32) that exactly coincide with the 89-810 loop, a part of exosite-3.

The present structure suggests a linear correspondence be-
tween the ADAMTS13 domains and their interaction sites in the
A2 domain of VWF, consistent with previous systematic mu-
tagenesis studies and kinetic analysis by Gao et al. (33). These
authors suggested that the S domain contains an exosite that
primarily determines catalytic efficiency by interacting with a6
of the VWE A2 domain (33). They identified 3 other VWF
segments that interact with the MD, T1, and C domains of
ADAMTS13 (17). Our structural and functional data are in good
agreement with these observations, suggesting that the catalytic
cleft plus exosite-1, exosite-2, and exosite-3 make cooperative,
modular contacts with 3 discrete segments of the VWF A2
domain, the residues flanking the cleavage site (P9-P18’, resi-
dues 1,596-1,623), residues 1,642-1,652 and the a6 (residues
1,653-1,668) of the A2 domain, respectively (Fig. 4B). The
model is also consistent with the previous observation that
decreasing the length of peptides derived from the C terminus
of the VWF A2 domain caused a progressive decrease in their
potency as ADAMTS13 inhibitors (34). The elongated structure
of the stiff, rod-like T1 module and its nonessential interactions
with VWF (17) suggest that its primary role is to position the
exosites spatially. The mobility of the domains (Fig. S3 and §/
Text) suggests that a spectrum of ADAMTS13 conformations
exist, with different spatial alignments of the exosites, increasing
the possibility of ADAMTS13 interacting with partially unfolded
VWF molecules, which also present a wide spectrum of confor-
mations under shear-stress conditions in the circulation. The M
domains of ADAMTS4 and ADAMTSS5 do not retain specific
catalytic activity. The inclusion of the proximal C-terminal
domains enhances their aggrecanase activity, suggesting that
these ADAMTSs function through multiple exosites (35-39), as
observed in the ADAMTS13-VWF system.

More than 80 causative mutations for congenital TTP have been
identified in the ADAMTSI3 gene (11, 40, 41), including 16
missense mutations within the DTCS region. These mutations are
not restricted to a specific region but are located throughout the
molecule, suggesting that most of the mutations cause some struc-
tural defect that affects proper folding and secretion (Table S2).
The -R349C and P353L mutants, however, are likely to affect
enzymatic activity: Arg-349 is in exosite-1 and Pro-353 forms part
of the potential substrate-binding S3' pocket (Fig. 3B). Five poly-
morphisms have been identified within the DTCS region (Table
S2). Approximately 10% of the Japanese population are heterozy-
gous for P475S substitution, located in the V-loop (Ca), which
reduces VWFE-cleaving activity (40, 42). The P618A substitution
reduces secretion efficiency in cultured cells (43). Both proline
residues adopt the cis conformation and, therefore, substitution by
nonproline residues would cause structural distortions.

Shear stress in the blood circulation controls the exposure of
the cryptic scissile bond and exosite-binding regions in VWF to
ADAMTSI13. The M domain of ADAMTSI13 is catalytically
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active, whereas the noncatalytic domains display surface features
that are optimized for recognizing an unfolded VWF A2 domain.
Therefore, cleavage by ADAMTS13 is primarily dependent on
shear-force-induced unfolding of the VWF molecule. The force-
induced proteolysis observed for ADAMTS13-VWEF represents
a model for probing the molecular mechanisms underlying the
translation of a mechanical stimulus into a chemical response in
a biological system.

Materials and Methods

Preparation, Crystallization and Structural Analysis of ADAMTS13-DTCS. Pro-
duction and crystallization of ADAMTS-DTCS has been described previously
(44). Briefly, ADAMTS13-DTCS (residues 287-685), with a C-terminal tobacco
etch virus proteinase cleavage site followed by tandem His-tag sequences, was
expressed in CHO Lec 3.2.8.1 cells. After purification on a Ni-NTA column, AD-
AMTS13-DTCS was subjected to proteolysis with the tobacco etch virus proteinase
and was further purified using HiTrap SP (GE Healthcare). ADAMTS13-DTCS
crystals were obtained by the sitting drop vapor diffusion method, with drops
containing 0.5 uL protein solution and 0.5 b reservoir solution (26% (wt/vol)
PEG1500, 100 mM Mes, pH 6.0) supplemented with 0.2 pl of 40% (wt/wt)
pentaerythritol ethoxylate (3/4 EO/OH) (Hampton Research) equilibrated for
several days at 293 K. Os-derivative crystals were obtained by soaking native
crystals in reservoir solution supplemented with 1 mM OsClz and 20% glycerol
for several hours. Crystals were cryoprotected in reservoir solution supple-
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mented with 20% glycerol and flash cooled under a stream of nitrogen gas at
100 K. All diffraction data were collected at the SPring-8 beamline BL41XU
(Table S1). Details of structural analysis are described in S/ Text.

Functional Analysis. Recombinant wild-type and 25 mutants of ADAMTS13-
MDTCS (residues 75-685) with a C-terminal His-tag were prepared by transient
expression using a cytomegalovirus promoter-driven expression vector and Hel.a
cells. The culture medium and celi lysates were coliected 72 h posttransfection,
and the expression levels were quantified by Western biotting using anti-His-tag
(Fig. S6). For enzyme assays, culture medium (5 ul) containing equivalent
amounts of ADAMTS13-MDTCSs was mixed with reaction mixture (95 ul) con-
taining 2 uM fluorogenic substrate (FRETS-VWF73) (25), 10 mM Hepes (pH 7.4),
150 mM NaCl, 5 mM CaCly, and 0.005% Tween-20. Initial velocities of the increase
in fluorescence were determined for the enzymatic activity, and the relative
activities of the mutants were calculated from a calibration curve for serially
diluted wild-type ADAMTS13-MDTCS. The activity for each mutant was deter-
mined in duplicate or triplicate experiments.
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Venous Thromboembolism
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Background There are few data on the differences between deep vein thrombosis (DVT) with pulmonary em-
bolism (PE) (Group A) and without PE (Group B), and no recent data on the incidence of PE and DVT in Japan.
Methods and Results The symptoms and findings of the lower extremities and risks for venous thromboembo-
lism were compared between Groups A and B, and the numbers of new patients with PE and those with DVT in
2006 were calculated. DVT was found equally in left and right legs in Group A, but more frequently in left legs
than in right legs in Group B. Proximal thrombus was more frequent in Group A than in Group B, and the number
of cases of symptoms resulting from DVT was less in Group A than in Group B. Proximal DVT, DVT in the right
leg, no symptoms, and younger age were related to the presence of PE. The calculated number of new patients
with PE per year was 7,864 (3,492 cases in 1996), and that with DVT per year was 14,674.

Conclusion DVT in patients with PE and those without PE differed in the site and symptoms. The calculated
number of new patients with PE per year doubled in 1 decade in Japan. (Circ J 2009; 73: 305-309)

Key Words: Deep vein thrombosis; Incidence; Pulmonary embolism; Symptoms; Venous thromboembolism

(DVT) are thought to be the same disease with dif-

ferent presentation, and both have been handled as
venous thromboembolism (VTE). Most cases of PE origi-
nate from DVT, so VTE is an important concept. However,
there are no data on whether DVT with PE and DVT without
PE have the same characteristics.

We reported the incidence of PE in 1996, 2000, and
200413 In 2004, 2 guidelines for VTE were published in
Japan®> generating increased interest in VTE.

The main purpose of this study was to clarify the different
characteristics of DVT in cases with and without PE. The
second purpose was to assess the recent incidence of PE and
DVT in Japan.

Pulmonaly embolism (PE) and deep vein thrombosis

Methods

The present study was approved by the Ethics Committee
of Mie University. In July 2006, we sent questionnaires to
the clinical departments (all departments of internal medi-
cine, all departments of surgery, pediatrics, obstetrics and
gynecology, orthopedics, otorhinolaryngology, ophthalmolo-
gy, dermatology, and urology) of university schools of medi-
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cine or medical colleges and to hospitals with more than 100
beds in Japan. Based on the responses to the questionnaires,
we assessed prospectively the number of new patients with
PE from August 1, 2006 to September 30, 2006. The num-
ber of patients with PE (or DVT) per year was calculated
as: the number of patients with PE (or DVT) per year=the
number of patients with PE (or DVT) per 2 months X 6/the
response rate!=

PE was definitely diagnosed by (1) enhanced computed
tomography, (2) pulmonary angiography, (3) pulmonary per-
fusion scintigraphy and/or pulmonary ventilation scintigra-
phy, (4) magnetic resonance imaging, or (5) autopsy. DVT
was definitely diagnosed by (1) enhanced computed tomog-
raphy, (2) venous ultrasonography, (3) contrast venography,
(4) magnetic resonance venography, or (5) radioisotope
venography. Major surgery was defined as abdominal sur-
gery and/or surgery of more than 45 min duration within the
previous 3 months®® Immobilization was defined as strict
bed rest for more than 3 continuous days within the previous
3 months?

We divided cases of VTE into 3 groups: DVT with PE,
DVT alone, and PE alone.

Statistical Analysis

Analyses were performed using SPSS 15.0 (SPSS Inc,
Chicago, IL, USA). All continuous variables were analyzed
by Mann-Whitney test, and expressed as mean+ standard
deviation. Non-ordinal categorical data were analyzed using
the chi-square test. Multiple comparisons were performed
using Bonferroni’s modification. Potential risk factors for
VTE were assessed using multiple logistic regression and
the results were presented as estimated odds ratio (OR) with
the corresponding 95% confidence intervals (CI). All signifi-
cant tests were 2-tailed.
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Table 1 Patients’ Backgrounds
DVT with PE DVT alone PE alone
With patient profile (n) 210 420 140
Gender (M/F) 87/123 140/280 44/96
Age (years) 63.9t15.5 66.3+15.9 67.6£15.0
BMI (kg/m?) 23.7£3.8¢ 23.3t4.26 23.243.8
an=199, tn=392, cn=129.
DVT, deep vein thrombosis; PE, pulmonary embolism; BMI, body mass index.
. DVT with PE (n=209) Results
DVT alone (n=409) .
(Zg) Incidence of VTE

60

40

20

0

Pain Swelling Redness Al symptoms

Figl. Symptoms of deep vein thrombosis (DVT). The number of
cases is shown on each bar. PE, pulmonary embolism.

A total of 6,122 questionnaires were sent; 17 institutes
were excluded from our analysis because they had closed or
merged. We received 1,635 valid replies, giving a response
rate of 26.8% (1,635/6,105). The number of patients newly
diagnosed with PE was 351 during the 2 months of the pres-
ent period, and that with DVT was 655. The estimated num-
ber of new patients with PE per year was 7,864 (95% CL
6,572-9,155) and the incidence of PE was 61.9 (95%CI:
51.7-72.1) patients per 1,000,000 people per year in Japan.
The estimated number of new patients with DVT per year
was 14,674 (95% CI: 12,466—16,883) and the incidence of
DVT was 115.5 (95%CI: 98.2-132.9) patients per 1,000,000
people per year in Japan.

Characteristics of DVT in Patients With and Without PE
Available cases with a detailed profile were 210 with
both DVT and PE, 420 with DVT alone, and 140 with PE
alone (Table1). Symptoms resulting from DVT were more
frequent in patients without PE, compared with those with
PE (Fig1). DVT was equally found in the left and right legs

B Left Side
Right Side
(%) lliac veins (%) Thigh veins l
50 .10
P=0.0002 P=0.0002 — P=0.0003  P=0.07
[ 71 101
15 |- 30 cases 30
10 20
5 10
0 0
DVY with PE  DVT alene  All DVT DVT with PE  DVT alone  All DVT
(n=210) (n=412 %) (n=622 %)
(98} Calf veins l (gg) Anywhere ]
0 s P=0.003 P=0.048 P<0. 0001

60

40

20

DVT alone

Fig2. Location of deep vein thrombosis (DVT).
The number of cases is shown on each bar. *Seven
cases with DVT only in the upper extremities and
one without data on DVT site were excluded. PE,
pulmonary embolism.
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Table 2 Diagnostic Techniques for DVT

DVT with PE DVT alone P value
(n=210) (n=413%)
Venous ultrasonography 132 (63%) 303 (73%) 0.008
CcT 143 (68%) 180 (44%) <0.0001
Contrast venography 18 (9%} 50 (12%) 0.22
MR venography 7(3%) 22 (5%) 0.32
RI venography 3(1%) 5(1%) 1.00
CT, computed tomography; MR, magnetic resonance; Rl, radioisotope. Other abbreviations see in Table 1.
*Seven cases with DVT only in the upper extremities were excluded.
Table 3 Risk Factors for Venous Thromboembolism
DVT with PE DVT alone PE alone P value
(n=210) (n=420) (n=140)
Prolonged immobilization 57 (27%) 101 (24%) 30 (21%) 0.46
Recent major surgery 54 (26%) 121 (29%) 40 (29%) 0.70
Cancer 48 (23%) 81 (19%) 23 (16%) 0.32
Recent major trauma and/or fracture 22(11%) 47 (11%) 15(11%) 0.96
Central venous catheter 7(3%) 34 (8%) 9(6%) 0.06
Pregnancy or postpartum 4(2%) 14 (3%) 2(1%) 0.34
Heart failure* 5(2%) 22 (5%) 14 (10%) 0.009
Respiratory failure 5(2%) 14 (3%) 8(6%) 0.37
Cerebrovascular disease 10 (5%) 28(7%) 8(6%) 0.02
Connective tissue disease and/or steroid use 5(2%) 11(3%) 5(4%) 0.79
Benign, large abdominal tumor 2(1%) 9(2%) 1(1%) 0.33
No potential risk factors 42 (20%) 66 (16%) 28 (20%) 0.30

*P=().10 between DVT with PE and DVT alone, P=0.003 between DVT with PE and PE alone. P=0.07 between DVT alone and PE alone.

Abbreviations see in Table 1,

Table 4 Multivariate Logistic Analysis of Relation to Presence of PE in Patients with DVT

OR (95% CI) P value
Age (10-year increments) 0.87 (0.77-0.99) 0.03
Male 1.12 (0.76-1.66) 0.57
No symptoms of DVT 2.05(1.39-3.02) 0.0003
Right DVT 1.98(1.22-3.19) 0.005
Left DVT 0.99 (0.61-1.60) 0.97
Proximal DVT? 1.79(1.18-2.71) 0.006
BMI 1.03 (0.99-1.08) 0.16
Prolonged immobilization 1.2 (0.78-1.86) 041
Recent major surgery 0.83 (0.54-1.28) 0.40
Cancer 1.08 (0.68-1.70) 0.75
Recent major trauma and/or fracture 0.85 (0.46-1.54) 0.58
Central venous catheter 0.44 (0.19-1.00) 0.05
Pregnancy or postpartum 0.37(0.10-1.32) 012
Heart failure 0.59 (0.20-1.68) 032
Respiratory failure 0.58 (0.18-1.92) 037
Cerebrovascular disease 0.66 (0.28-1.55) 0.34
Connective tissue disease and/or steroid use 1.48 (0.54-4.02) 0.45
Benign, large abdominal tumor - 1.00

aincluding IVC, iliac vein, and thigh veins.
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OR, odds ratio; CI, confidence interval; IVC, inferior vena cava. Other abbreviations see in Table 1.

of patients with PE, but more frequently in the left than in
the right leg of patients without PE (Fig2). Proximal throm-
bus from the inferior vena cava to the popliteal vein was
more frequent in patients with PE than in patients without
PE (68% [142/210] vs 58% [240/412]; P=0.02).

Relationship Between Symptoms of DVT and Age

Leg swelling (presence, 64.7+16.0 years; absence, 66.5+
15.7; P=0.10) and redness (presence, 63.0+15.7 years; ab-
sence, 65.9+15.9; P=0.09) were found regardless of age in
patients with DVT. Younger patients complained more about
leg pain (complaint, 61.2+15.7 years; no complaint, 67.4+
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15.6; P<0.0001). All findings for DVT (objective or subjec-
tive) were greater in younger patients (presence, 64.4+15.8
years; absence, 67.4+15.9; P=0.007).

Diagnostic Techniques for DVT (Table2)

Venous ultrasonography was used more frequently and
CT less frequently in patients without PE than in patients
with PE. Contrast venography was used in only approxi-
mately 10% of patients.

Risk Factors for VTE and Relationship to Presence of PE
There were no differences in the risk factors, except heart
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Table 5 Management of Venous Thromboembolism

SAKUMA M et al.

IDVT with PE  2DVT alone 3PE alone P value*
(n=210) (n=420) (n=140) Tyg? Iys3 23

Heparin 175 (83%) 243 (58%) 106 (76%) <0.0001 0.30 0.0005
Warfarin 162 (77%) 282 (67%) 86 (61%) 0.03 0.006 0.66
Anticoagulation

Heparin— warfarin 136 (65%) 173 (41%) 69 (49%) <0.0001 0.02 0.30

Heparin alone 39 (19%) 70 (17%) 37 (26%) 1.00 0.26 0.04

Warfarin alone 26 (12%) 109 (26%) 17 (12%) <0.0001 1.00 0.003
Thrombaolysis 58 (28%}) 55(13%) 38(27%) <0.0001 1.00 0.006
IVC filter 110 (52%) 93 (22%) 22(16%) <0.0001 <0.0001 0.35

*All P-values by chi-square analysis among 3 groups (1, 2 and 3) were less than 0.05. Multiple comparisons were performed using

Bonferroni’s modification.
Abbreviations see in Tables 1,4.

failure, among the 3 groups (patients with DVT and PE,
those with DVT alone, and those with PE alone) (Table 3).
Patients with DVT and PE were younger than those with
DVT alone (63.9+15.5 years vs 66.3+15.9; P=0.04). PE was
found in 30.5% of females with DVT and in 38.3% of males
with DVT (P=0.053). Proximal DVT, DVT in the right leg,
no symptoms, and younger age were independently related
to the presence of PE in patients with DVT (Table4).

Management of VIE (Table5)

Heparin and thrombolysis were used less frequently in
patients with DVT alone. Implantation of an inferior vena
cava filter and chronic use of warfarin were more frequent in
patients with DVT and PE. When limited to cases of DVT,
inferior vena cava filters were used more often in cases of
proximal DVT (OR, 3.51; 95%Cl, 2.33-5.27; P<0.0001)
and PE (OR, 3.71; 95%CI, 2.56-5.37; P<0.0001). Antiplate-
let agents were administered in 8 patients (4%) with DVT
and PE (aspirin in 8, ticlopidine in 2; 2 cases used both
antiplatelet agents), 44 with DVT alone (aspirin in 36,
ticlopidine in 6, cilostazol in 1, sarpogrelate in 1), and 9
(6%) with PE alone (aspirin in 8, ticlopidine in 1, beraprost
in 2; 2 cases used 2 antiplatelet agents).

For DVT, catheter therapy was performed in 9 patients
with DVT and PE, and in 8 patients with DVT alone. Sur-
gery was performed in 3 patients with DVT and PE, and in
1 patient with DVT alone. On the other hand, for PE, cathe-
ter therapy was performed in 13 patients with DVT and PE,
and in 7 patients with PE alone. Surgery was performed in 4
patients with DVT and PE, and in 4 patients with PE alone.

Discussion

Characteristics of DVT With and Without PE

DVT in patients with PE and those without PE differed in
the site and symptoms. In particular, DVT was equally found
in the left and right legs of patients with PE, but more fre-
quently in the left than in the right leg in those without PE.
Moreover, cases of symptoms resulting from DVT were less
frequent in the presence of PE than in the absence of PE.

Tleofemoral DVT tends to occur in the left leg?-12 where-
as femoropopliteal DVT occurs equally in the right and left
legs, and most are contiguous to calf thrombosis?-12 Those
previous reports and the present results suggest that DVT
without PE is related to ileofemoral DVT, and that DVT
with PE is related to femoropopliteal DVT.

DVT is more common on the left side!® as observed in
all of the present cases of DVT. In the present study, DVT
with PE had no statistical difference in the rate of potential

risk factors compared with DVT without PE.

Free-floating venous thrombi have a close relationship
with PE compared with occlusive (no free-floating) thrombi!4
and the previous reports suggest that free-floating venous
thrombi cause less symptoms from DVT than occlusive
DVTs!415 On the other hand, most cases of symptomatic
DVT have extensive occlusive proximal thrombi?1¢ The
development of symptoms of DVT is thought to depend on
the extent of thrombosis, the adequacy of collateral vessels,
and the severity of associated vascular occlusion and in-
flammation!? Leg edema is much more likely in contiguous
thrombosis rather than with an isolated thrombus!® DVT
with PE has fewer symptoms, as shown in the present study,
and resembles free-floating DVT.

Relationship to Presence of PE in Patients With DVT

Proximal DVT, DVT in the right leg and no symptoms of
DVT were identified as independent of the presence of PE.
Proximal DVT is often associated with acute PE!*-23 Embol-
ic risk is low in calf-only DVT, but elevated in calf DVT
with proximal (thigh) involvement!® DVT in the right iliac
vein is easily torn off and PE easily occurs because the right
iliac vein is not compressed, unlike the left iliac vein. Most
cases of DVT with no symptoms do not receive treatment
and in such cases the DVT is found after PE occurs, which
suggests that DVT showing few symptoms is a potential risk
for PE. One of the candidate DVT is free-floating thrombi,
but further study is needed to clarify this. Older patients with
DVT have fewer symptoms and less incidence of PE; they
may have fewer symptoms of PE and not be diagnosed as
such, even if they have PE, but the real reason is unknown.

In the present study, the incidence of DVT was the same
for the right and left legs in patients with PE, but multivari-
ate logistic analysis revealed that DVT in the right leg was a
risk for PE, because the left leg was prominent in all patients
with DVT.

Diagnostic Techniques for DVT

Venous ultrasonography was used more frequently and
CT less frequently in patients without PE than in patients
with PE. Venous ultrasonography is noninvasive and con-
venient, and many diagnostic strategies for DVT use this
method3-2* CT has been used more recently for the diagno-
sis of PE in recent years? as its sensitivity for PE is not
inferior to ventilation-perfusion lung scanning?¢ CT has
the merit that DVT is diagnosed at the same time, so many
doctors in Japan may choose venous ultrasonography as the
initial diagnostic method in patients suspected of having
DVT, and CT in patients suspected of having PE.

Cireulation Journal Vol 73, Febmary 2009
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Management of VIE

Heparin and thrombolysis were used less frequently in
patients with DVT alone. Chronic use of warfarin was more
frequent in patients with DVT and PE. Moreover, warfarin
was used first more frequently without heparin in cases of
DVT alone.

Implantation of an inferior vena cava filter was more
frequently performed in patients with DVT and PE. When
limited to cases of DVT, inferior vena cava filters were
more frequently used in proximal DVT with PE. Recurrence
of PE in a patient with PE would increase mortality, so
inferior vena cava filters are used to prevent recurrent PE in
patients with both DVT and PE.

Incidence of VTE

The calculated number of new patients with PE per year
was 3,492 cases in 1996! and 7,864 in 2006 in the present
study. The calculated number of new patients with PE per
year increased 2.25-fold in 1 decade in Japan. These results
are similar to the prevalence of PE estimated by the Ministry
of Health, Labour and Welfare in Japan (3,000 patients in
1996 and 7,000 in 2005)27.28 The vital statistics were 1,410
deaths from PE in 1996, and 1,900 deaths in 20062%:3¢ Annual
deaths from PE increased 1.35-fold in 1 decade, which was
lower than the increment of diagnostic patients during the
same period.

The calculated number of new patients with DVT per
year was 14,674 in 2006, which is similar to the prevalence
reported in 2005 (16,000 cases?8).

Study Limitations

Oue limitation of the present study is the low response
rate. Response rates for questionnaires regarding less com-
mon diseases are low in general. The response rate in
studies on the incidence of PE performed by us was 40.7%
in 1996, 30.6% in 2000, 29.8% in 2004, and 26.8% in the
present study.

Our results may be affected by the timing of the diagnosis
and examination of VTE. Moreover, symptoms of PE may
mask symptoms of DVT, despite this being a prospective
study. Therefore, additional examinations are necessary to
confirm the present results.

Conclusion

DVT in patients with and without PE differs in its site
and symptoms. The calculated number of new patients with
PE per year doubled over 1 decade in Japan.
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ARTICLE INFO ABSTRACT

Article history:

Recent advances in regenerative medicine have created a broad spectrum of stem cell research., Among
them, tissue stem cell regulations are important issues to clarify the molecular mechanism of differenti-
ation. Adipose tissues have been shown to contain abundant preadipocytes, which are multipotent to
differentiate into cells including adipocytes, chondrocytes, and osteoblasts. In this study, we have first
shown that megakaryocytes and platelets can be generated from adipocyte precursor cells. Human

Received 14 November 2008
Available online 6 December 2008

Keywords: adipocyte precursor cells were cultured in conditioned media for 12 days to differentiate adipocytes,
;\\A‘iépolcyteolzretz:rsor cells followed by 12 days of culture in media containing thrombopoietin, The ultrastructures of adipocyte pre-
P]atg:l;’;y Y cursor cell- and bone marrow CD34-positive cell-derived megakaryocytes and platelets were similar. In

addition, adipocyte precursor cell-derived platelets exhibited surface expression of P-selectin and bound
fibrinogen upon stimulation with platelet agonists, suggesting that these platelets were functional. This is
the first demonstration that human subcutaneous adipocyte precursor cells can generate megakaryocyte
and functional platelets in an in vitro culture system.

© 2008 Elsevier Inc. All rights reserved,

Blood platelets are small non-nucleated cellular fragments
derived from megakaryocytes (MKs) that play an essential role in
hemostatic plug formation as well as the pathogenesis of arterial
thrombosis [1,2]. The molecular mechanisms of differentiation
from hematopoietic stem cells into MKs and platelets have been
extensively studied. However, many unresolved problems have
been remained. Regarding the practical problem, platelet transfu-
sion has been considered to be less than ideal [3,4]. Because plate-
let concentrates have short storage life, the supply of platelet
concentrates has been limited. Furthermore, platelet transfusion
is associated with the risks of viral or bacterial infection and seri-
ous immune reactions,

Development of in vitro culture systems to produce a large
number of platelets from stem cells is a research of current inter-
est, because its development is very important to study the molec-
ular mechanism of platelet production or to prepare platelet
concentrates. So far, it was reported that platelets were generated
in vitro from hematopoietic stem cells and embryonic stem (ES)
cells, The traditional method using hematopoietic stem cells is

* Corresponding author. Fax: 81 3 3353 3515.
E-mail address: yumikoma@sc.itc.keio.ac.jp (Y. Matsubara).
! These authors contributed equally to this work.

0006-291X/3 - see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc.2008.11.117

the most facile protocol to produce platelets in vitro. However,
the difficulty in obtaining the sufficient number of hematopoietic
stem cells from bone marrow or peripheral blood, particularly in
humans, has been pointed out. The culture system to produce ES
cell-derived platelets in vitro has been recently developed, and it
has been shown that abundant platelets from ES cells could be
obtained in vitro. However, sophisticated experimental technique
is required to achieve it,

Adipose tissues are recently highlighted as a source of preadipo-
cytes, some with very restricted potential and others with multipo-
tency for tissue engineering and regenerative medicine [5,G].
Adipose-derived stem cells have several common stem cell surface
markers, such as CD9, CD29, CD106, CD146, and Stro-1. To date,
experimental studies have shown that subcutaneous adipose tis-
sues have the ability to differentiate into the cell lineage for adipo-
cyte, chondrocyte, myocyte, and ostecblast [5]. Although human
adipose tissues include a CD34-positive cell population, i.e., cell
population with surface marker for hematopoietic stem cells [7],
this fact prompted us to investigate whether platelets could be pro-
duced through the adipose tissues. In addition, advantage of using
subcutaneous adipose tissues for platelet production is obvious,
since subcutaneous adipose tissues are easily obtained and avail-
able in large amounts. Here, we have first described an in vitro
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culture system to produce MKs and platelets from adipocyte pre-
cursor cells obtained from human subcutaneous adipose tissues.

Materials and methods

Cell culture. Primary human adipocyte precursors from subcuta-
neous adipose tissues (Cambrex Bio Science Inc., Walkersville, MD)
were cultured using preadipocyte growth medium-bullet kit®
(Cambrex Bio Science Inc.), for differentiation into mature adipo-
cytes according to the manufacturer's protocol. The media to dif-
ferentiate into “mature adipocyte” was designated as “MA
media”. The density of adipocyte precursor cells used in this study
was 1.5 x 10° cells/well of a 6-well plate in 2 m! of MA media, By
day 12, approximately 80% of the cells showed differentiation into
mature adipocytes based on their morphology and positive Oil
Red-O staining. Quantification of Oil Red-O stained cells was per-
formed by the manual counting of positive stained cells under
the microscope. Quantitative analysis of differentiated cell was
also performed using AdipoRed test kit (Cambrex Bio Science
Inc), according to the manufacturer’s protocol, Cells
(1.5 x 10° cells/well of a 6-well plate) were then cultured in condi-
tioned media, which contained thrombopoietin (TPO), prepared by
modification of the method by Zauli et al. and Kerrigan et al,, to fur-
ther differentiate the cells into MK lineages for 12 days [8,9]. The
media containing “TPO” to differentiate into MK lineages was des-
ignated as “TPO media”. Briefly, the modified conditioned medium
was Iscove’s modified Dulbecco's medium supplemented with
2 mM t-glutamine, 100 U/m! penicillin G sodium, 0.1 mg/ml strep-
tomycin sulfate, 0.5% bovine serum albumin, 4 pg/ml LDL choles-
terol, 200 pg/ml iron-saturated transferrin, 10 pg/m! insulin,
50 uM 2-B-mercaptoethanol, 20 uM each nucleotide, 20 pM dNTP,
and 50 ng/ml TPO (a gift from KIRIN Brewery Ltd,, Japan). MKs and
platelets derived from normal human bone marrow CD34-positive
cell (Cambrex Bio Science Inc.) were also obtained in the liquid cul-
ture system using the conditioned medium for MK lineages, and
these cells were used as controls for ultrastructural analysis and
flow cytometric analysis (as described below).

Ultrastructural analysis. The methods used for ultrastructural
analyses of MKs and platelets derived from adipocyte precursor
cells were essentially as described previously [10,11], MKs and
platelets generated from human bone marrow CD34-positive cells
were also analyzed ultrastructurally as control. For immuno-elec-
tron microscopic analyses, we used anti-von Willebrand factor
antibody (Dako Japan, Tokyo, Japan) as a primary antibody, and
AuroProbe EM Goat anti-Rabbit IgG (GE Healthcare Life Sciences,
Buckinghamshire, UK) was used as secondary antibody,

Flow cytometric analysis. Flow cytometric analysis was per-
formed to characterize the adipocyte precursor cell-derived MKs
and platelets using anti-CD41 (also known as glycoprotein 1ib or
integrin oyp) antibody (MBL international corporation, Boston,
MA), anti-CD42a (also known as glycoprotein Ib8) antibody (MBL
international corporation), anti-CD42b (also known as glycopro-
tein Ibat) antibody (MBL international corporation), and propidium
iodide (PI) (Sigma, St. Louis, MO). Analysis of the surface marker
and DNA content by interaction with Pl was performed essentially
as described previously [10]. Briefly, the cells stained by anti-CD41
antibody were resuspended in PI (50 pg/ml in 0.1% sodium citrate)
containing 20 pg/ml RNAase (Sigma), and the samples were incu-
bated for 60 min at 37 °C. The MKs and platelets were counted
by flowcytometry on day 12 after differentiation into MK lineages
using the relative value of 107 adipose cells on day 0 versus megak-
aryocyte-sized CD41(+) cells and platelet-sized CD41(+) cells [10],
respectively. In pilot study, we observed that the cell population of
megakaryocyte-sized CD41(+) cells contained nuclei, as assessed
by interaction with Pl [10]. Therefore, megakaryocyte-sized
CD41(+) cells were defined as adipose tissue-derived MKs in this

study. For functional assay, the surface expression of P-selectin
was examined in adipocyte precursor cell-derived platelets stimu-
lated with thrombin (final concentration, 5 U/ml) for 5 min. Fluo-
rescein isothiocyanate-conjugated anti-P-selectin antibody was
purchased by BD Biosciences (Franklin Lakes, NJ). Adipocyte pre-
cursor cell-derived platelets were stimulated with thrombin (final
concentration, 5U/ml) in the presence of 100 pg/ml Alexa Fluor
488-labeled human fibrinogen (Molecular Probes, Eugene, OR) for
5 min, and the sample mixture diluted with Hepes buffer was ana-
lyzed by flow cytometry. Isotype controls were used in all flow
cytometric analyses.

Results

Primary human adipocyte precursors from subcutaneous adi-
pose tissues were cultured in MA media to differentiate into ma-
ture adipocytes. In quantitative analysis of differentiated cells, a
cytoplasmic triglyceride accumulation was measured, and the rel-
ative fluorescence level to the value of undifferentiated cells was
0.007 £0.002 (mean +SD), 2.620+0.806, 4.012+0.978, and
5.903 + 1.606 for day 0, day 3, day 8, and day 12, respectively. By
day 12, approximately 80% of the cells showed differentiation
based on their morphology and positive Oil Red-O staining
(Fig. 1). Cells were then cultured in TPO media for further differen-
tiation of the cells into MK lineages. In this in vitro liquid culture
system, human subcutaneous adipocyte precursor cells were dif-
ferentiated into MK lineage cells, capable of producing platelets.
Their morphological features were assessed by electron micros-
copy and immuno-electron microscopy. Human bone marrow
CD34-positive cell-derived MKs and platelets were also examined
as controls (electoronic supplementary material 1(a) and (b)), Adi-
pocyte precursor cultured cell-derived MKs exhibited characteris-
tic organelles, such as granules, demarcation membranes, and
lobulated nuclei (Fig. 2(A)), and adipocyte precursor cell-derived
platelets showed quite similar characteristics to those from
CD34-positive cell-derived platelets in that contained granules,
mitochondria, and open canalicular system (Fig. 2(B)). These find-
ings of the adipocyte precursor cell-derived cells were consistent
with those for the bone marrow CD34-positive cell-derived MKs
and platelets. In addition, immuno-electron microscopic study
with anti-von Willebrand factor antibody was conducted to further
characterize the adipocyte precursor cell-derived MKs. It was
clearly demonstrated that the adipocyte precursor cell-derived
MKs contained von Willebrand factor in granule assessed by
immunochemical analysis (Fig. 2(C)). This finding of the adipocyte

Fig. 1. Differentiated into adipocytes were stained with 0il Red-O.
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Fig. 2. (A-C) The morphology of (A) megakaryocytes and (B) platelets derived from adipocyte precursor cells was analyzed using transmission electron microscopy.
Regarding megakaryocytes, typical organelles such as granules (G), demarcation membrane system (DMS), and nuclei (N) were evident in adipocyte precursor cell-derived
megakaryocytes, Also, adipocyte precursor cell-derived platelets contained granules, mitochondria (M), and open canalicular system (OCS). (C) von Willebrand factor
expression in adipocyte precursor cell-derived megakaryocytes was shown by immuno-electron microscopy with anti-von Willebrand factor antibody.

precursor cell-derived cells was consistent with that for the bone
marrow CD34-positive cell-derived MKs (electoronic supplemen-
tary material 1(c)).

The MKs and platelets were counted by flow cytometry on day
12 after differentiation into MK lineages using the relative value of
107 adipose cells on day O versus megakaryocyte-sized CD41(+)
cells and platelet-sized CD41(+) cells, respectively. The number
of MK and platelet produced was approximately 2 x 10%+ 2500
and 15 x 10* + 270, respectively. The DNA ploidy of the adipocyte
precursor cell-derived MKs ranged from 2 N to 16 N (electoronic
supplementary material 2(a)). In addition to the expression of
(D41, expressions of other platelet specific receptors were clearly
observed by flow cytometry using antibodies for CD42a and CD42b
(electoronic supplementary material 2(b)-(e)). These findings of
the adipocyte precursor cell-derived cells were consistent with
those for the bone marrow CD34-positive cell-derived MKs (electo-
ronic supplementary material 3 (a)-(e)). We also performed a
functional assay by flow cytometry. Surface expression of P-selec-
tin, a platelet activation marker, and fibrinogen binding to platelets
were examined in adipocyte precursor cell-derived platelets stim-
ulated with thrombin (final concentration, 5 U/ml). Binding of anti-
P-selectin specific antibody and Alexa Fluor 488-labeled fibrinogen
to platelet-sized CD41(+) cells were clearly demonstrated in re-

sponse to thrombin. Approximately 30% of platelet-sized CD41(+)
cells expressed on the cell surface in response to thrombin (electo-
ronic supplementary material 4(a)). Fibrinogen binding upon
thrombin stimulation was observed to be approximately 35% of
platelet-sized CD41(+) cells (electoronic supplementary material
4(b)). Although the values of P-selectin expression and fibrinogen
binding showed markedly different between the stimulated and
unstimulated cells, the values did not have significantly differences
(p = 0.3029 for P-selectin surface expression, p = 0,0562 for fibrino-
gen binding). These results suggest that the adipocyte precursor
cell-derived platelets were functional,

Discussion

In the present study, we developed a novel system in which
adipocyte precursor cells in human subcutaneous adipose tissue
were successfully differentiated into MK lineages in an in vitro
liquid culture system in the presence of TPO. Adipose tissues
are recently considered to contain the abundant and accessible
source of preadipocytes with the restricted potential and multi-
potent cells for tissue engineering and regenerative medicine.
So far, experimental studies showed that subcutaneous adipose
tissues had the ability to differentiate the cell lineage for
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dipocyte, cardiomyocyte, chondrocyte, endothelial, myocyte, neu-
ronal-like, and osteoblast [12]. This study is the first to demon-
strate platelet production from human subcutaneous adipocyte
precursor cells in vitro. Previous studies showed that platelets
were generated in vitro from ES cells and hematopoietic stem
cells from bone marrow, peripheral blood, and cord blood.
Regarding the experiments using ES cells, the cells are unlimited
sources, and the in vitro differentiation system for MK lineage
from ES cells is a powerful tool to obtain abundant modified
MKs and platelets, however, the experiments to generate plate-
lets from ES cells need higher experimental techniques. On the
other hand, generation of platelets from hematopoietic stem cells
is technically easier, because hematopoietic stem cells have high-
er potential for differentiation into MK lineage. However, it is ex-
tremely difficult to obtain sufficient amounts of hematopoietic
stem cells from typical sources, such as bone marrow cells. This
study obtained MKs and functional platelets from human subcu-
taneous adipocyte precursor cells, The fact that expression of
CD34, a cell surface marker for hematopoietic stem cell, in adi-
pose tissues was demonstrated in several papers prompted us
to investigate the capability of subcutaneous adipocyte precursor
cells to produce MKs and platelets. We therefore tried to develop
a novel system in which adipocyte precursor cells in human sub-
cutaneous adipose tissue are differentiated into MK lineage
in vitro, Because subcutaneous adipose tissues are easily obtained
and available in large amounts, these tissues are abundant and
easily accessible source materials for generation of platelet
in vitro, Moreover, the present method does not need compli-
cated techniques.

In this study, we obtained approximately 2 x 10° MKs and
15 x 10* platelets from 107 adipocyte precursor cells, On a similar
culture scale, 10°> human ES cells generated approximately 5-
20 x 10% CD41a(+)[CD42b(+) cells {13} or >2-5 x 10° MKs [14],
and 107 bone marrow mononuclear cells generated approximately
6 x 10* megakaryocyte-sized CD41(+) cells (unpublished observa-
tions), although it is difficult to compare precisely the efficiency of
platelet production between various stem cell sources, Also, 10*
murine ES cells were reported to generate approximately 108
platelets [10,15], and 10° human ES cells generated approximately
10° platelets [14].

The important question has remained, which cell population
in human adipocyte precursor cells can be responsible for gener-
ation of MKs and platelets. The critical single cell experiment def-
initely is necessary to define the cells in human adipocyte
precursor cells which may differentiate into MKs and platelets.
The present experimental condition made it possible to produce
a large amount of MKs and platelets: adipocyte precursor cells
were initially cultured in MA media for 12 days to differentiate
into mature adipocytes, followed by further 12 days of culture
in TPO media to differentiate into MK lineages. In a pilot study
using small amount of adipocyte precursor cells (approximately
10” cells), we first cultured in the MA media to differentiate into
mature adipocytes. After designated days of culture, i.e., day 0,
day 6, day 9, and day 12, subsequent culture in TPO media for
12 days was performed, and the number of MKs demonstrated
as CD41-positive large-sized cells was counted. It was found that
the number of MKs was unmeasurable, i.e,, CD41 (+) cells < Iso-
type control (+) cells, 3500, 7900, and 9500, in day 0, 6, 9, and
12 samples, respectively. Also, we obtained MKs and platelets
from a mouse preadipocyte cell line, 3T3-L1 cells, using this
experimental systemn (data not shown). These might have a sug-
gestion that the observed MKs and platelets were obtained from
adipocyte precursor cells and not other cell types.

The present study did not show the reason why the culture con-
dition that approximately 80% of the cells showed differentiation
into mature adipocytes have effect on cell differentiation into MK

lineage. Because TPO acts through c-mpl to stimulate the prolifer-
ation and maturation of MKs and their progenitors, the c-mpl
expression was investigated in two cell populations, adipocyte dif-
ferentiated and undifferentiated cells. It was clearly demonstrated
that the cell population, which approximately 80% of the cells
showed differentiation into mature adipocytes, showed small,
but detectable amount of c-mpl as assessed by real-time quantita-
tive PCR, whereas the c-mpl expression in undifferentiated cells
showed undetectable level (data not shown), Thus, cell population,
which approximately 80% of the cells showed differentiation into
mature adipocytes, was considered to have the ability for respon-
siveness to thrombopoietin, although we did not show which cells
have the c-mpl.

In the present culture system, subcutaneous adipocyte precur-
sor cells were cultured in MA media for 12 days to differentiate
into mature MKs. By day 12, approximately 80% of cells showed
differentiation into mature adipocytes, and the remaining cells
consisted of mostly preadipocytes, All of these cells were then
cultured in TPO media to differentiate into MK lineages. Although
the cell population that can be responsible for generation of MKs
and platelets was not identified in these cells, the cells which
approximately 80% of cells showed mature adipocytes were used
as materials to further differentiate into MK lineages. Thus, we
should describe the possibility that mature adipocytes have
potencies to differentiate into other cell types. In mammals,
although terminally differentiated cells have been considered to
have no ability of dedifferentiation, there were several reports
that terminally differentiated cells have the potential to differen-
tiate into other cells under specific-experimental conditions. It
was demonstrated that adipocyte-derived cells showed charac-
teristics of adipogenic progenitors [16-18]. Yagi et al. reported
that a preadipocyte cell line was established from mouse mature
adipocytes [19]. Nobusue et al. showed to establish a preadipo-
cyte cell line from mature adipocytes of green fluorescent protein
transgenic mice [20]. Justesen et al. demonstrated that human
adipocytes transdifferentiated to bone-forming cells [21]. Mat-
sumoto et al. showed that human mature adipocyte-derived
dedifferentiated fat cells had the potential to differentiate into
adipocytes, chondrocytes, and osteoblastes {22]. Also, Kazama
et al. reported that dedifferentiated fat cells derived from mature
adipocytes had the ability to differentiate into skeletal myocytes
[23]. Regarding other cases for dedifferentiation, McGann et al,
reported that terminally differentiated mouse C2C12 myotubes
showed to have the ability of dedifferentiation {24]. Chen et al.
showed that the mouse C2C12 cells had dedifferentiated pheno-
types [25]. Also, induced pluripotent stem (iPS) cells were gener-
ated from adult human dermal fibroblasts, fetal human
fibroblasts, and human newborn foreskin fibroblasts, although
the generation of iPS cells requires virus-mediated transfection
of transcriptional factors [26,27],

Further study is necessary to identify which cell population can
produce MKs and platelets from human subcutaneous adipocyte
precursor cells, and to characterize human platelets generated
from subcutaneous adipocyte precursor cells,
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Medical Standards Seen from the Perspective of Changes in
Academic Society Themes: Investigation of a Lawsuit
Concerning the Prevention of Venous Thromboembolism

Tomio Kawasaki, MD, Ph.D

Objective: To determine whether a violation of the standard of care for prevention of pulmonary embolism
by preventing deep vein thrombosis occurred in 1999,

Materials and methods: Themes from past general meetings of the three societies that comprise the Japa-
nese Board of Cardiovascular Surgery that pertained io venous thromboembolism from 1999 to 2006 were
examined and analyzed for an appeal hearing to determine whether a violation had occurred.

Results: The first pertinent session on a method for the prevention of pulmonary embolism was presented
in 2006 by the Japanese Society for Vascular Surgery. Thus, the medical treatment performed in this case
did not violate the standard of care in 1999,

Conclusion: The “standard of medical treatment at the time”, can be discerned by tracing consensus agree-
ment at session meetings. If the consensus from each session is recorded, a more detailed analysis can be
made of the agreement reached by board members.

INTRODUCTION

he judicial system must make many decisions on

whether or not a medical procedure performed at a
defending institution strayed from the expected “standard
of medical care of the time”. Since legal judges are not
medical experts, serious consideration is given to the
written opinions of the plaintiff, the defendant’s doctors,
or the official judgment of an impartial third party.
These written opinions and judgments must give a true
and unbiased evaluation based on the medical standards
of the time. However, medicine continues to develop dai-
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ly; it is a process of reflection and renewal, and thus
treatments themselves are fluctuating entities. For this
reason, each medical judgment is different. As medical
standards shift, an ambiguity in judgment arises, and this
leads to a distrust of medical care.

The establishment of medical standards should be
based on the consensus of the medical community.
Themes (session theme) that are recurrently adopted at
medical conventions provide suitable material for the
consideration of medical standards. Repetition of a theme
is a good indicator of the value of a theme’s investigation.
Consensus opinions reached on debated themes reflect
the standard of medical care of the time (of course, dis-
senting opinions often exist).

In order to analyze the standard of medical care, it is
imperative to understand this progression of themes.
How they originate, how they are selected, how problems
are presented, and how themes are accepted by the soci-
eties’ members.
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MATERIALS AND METHODS

Selection of Session Theme

Sessions pertaining to the direct connection between
deep vein thrombosis and pulmonary embolism were in-
vestigated. Further, sessions reviewed were those in
which a medical society consensus could be formulated.
These were: symposiums, workshops, consensus meet-
ings, plenary sessions, president demanded sessions, de-
bate sessions and panel discussions, all given at general
assemblies. All other sessions were omitted.

The Societies Focused Upon

The majority of Japanese venous disease patients are
cared for by vascular surgeons, with most practitioners
belonging to the Japanese Society for Vascular Surgery.
Licensing in this specialty is handled solely by the Japa-
nese Board of Cardiovascular Surgery. The three bodies
that compose this board—namely, the Japanese Society
for Vascular Surgery, the Japanese Society for Cardiovas-
cular Surgery and the Japanese Association for Thoracic
Surgery—were the objects of this study. The time span of
this investigation was from 1999 to 2006.

Outline of the Case Judged and Judgment Method

The central point of the case being appealed was
whether or not the measures employed for prevention of
pulmonary embolism at the time were appropriate. In
1999, the patient was admitted to a local general hospital
for surgery. The patient’s obesity and a long surgical pro-
cedure posed a risk for deep vein thrombosis, however,
no swelling of the lower extremities existed and the pa-
tient displayed no deep vein thrombosis. Post-surgery, the
patient suddenly developed a pulmonary embolism. The
expert opinion written for the plaintiff stated that this
was caused by the hospital’s negligence in not following
preventative measures as per the guidelines of 1999. The
courts then compared the open prevention measures poli-
cy of the defendant hospital and the actual level of prac-
tice provided, with those of other local hospitals of com-
parable status.

There was little objective data reflecting the “standard
of medical care of the time” for the defendant hospital
and those of comparable scale. Therefore, “pulmonary
embolism prevention concepts” that would create the
“standard of medical care” of the time were examined.
The preventative strategies for pulmonary embolism in-
cluded the “early diagnosis and treatment of deep vein
thrombosis” and “the prevention of deep vein thrombosis

18

itself”. The former had been hastily established by Japa-
nese pulmonary specialists of the time. The latter was a
method practiced in the western world, however the des-
ignated appropriate dosage amounts for heparin differed
for Japan and the west. Analysis of the results of session
themes as objective data was used to determine which
method was the “standard of medical care” in 1999. This
result was given to the court.

REsuLTS

Session Themes

Themes from the General Assembly’s collections with
the phrases “deep vein thrombosis” or “pulmonary em-
bolism” in the title were examined. The Japanese Associ-
ation for Thoracic Surgery had no relevant topics, and the
Japanese Society for Cardiovascular Surgery had one ses-
sion from 2005 entitled “Guidelines for Treatment of Ve-
nous Thromboembolism”. The Japanese Society for Vas-
cular Surgery had five sessions in which the prevention,
diagnosis and treatment of pulmonary embolisms were
dealt with (Table 1).

Also, of these three societies, the first and only to have
a session theme on “deep vein thrombosis prevention” as
a means of pulmonary embolism prevention was the Jap-
anese Society for Vascular Surgery (“Inspection and
Problems of the Guidelines for Venous Thromboembo-
lism™). It became clear that prior to this, the Japanese So-
ciety for Vascular Surgery was vigorously centered on
the established method of “early diagnosis and treatment
of deep vein thrombosis” and that this was the standard
method for prevention of pulmonary embolism (Table 1).

Conclusion of Suit

It was clear that the 1999 “standard of medical care”
for prevention of pulmonary embolism was, the “early
diagnosis and treatment of deep vein thrombosis”. The
investigation into “prevention of pulmonary embolism
through the prevention of deep vein thrombosis” was not
undertaken by the medical community until 2006. Fur-
ther, the first guideline relating to the prevention of ve-
nous thrombosis, created by the Japanese Circulation So-
ciety in 2004, did not exceed a translation of western
guidelines and was not born of the structure of Japanese
illness.” This did not gain consensus from the medical
community, and could only be regarded as falling within
the confines of an informational reference. It follows that
prior to 2004, even though the writing referred to as a
guideline in 1999 touched on the “prevention of pulmo-

Annals of Vascular Diseases Vol. 2, No. 1 (2009)
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Problems of the Guidelines for Venous Thromboembolism” in 2006. The Japanese Association for Thoracic Surgery had no relevant topics and the Japanese Society for Cardio-

vascular Surgery had one session on 2005 entitled “Guidelines for Treatment of Venous Thromboembolism”.

Medical Standards Consented in Academic Society

nary embolism through the prevention of deep vein
thrombosis”, this did not reflect the “standard of medical
care” of the country at the time.

Summarily, preventative measures for pulmonary em-
bolism in 1999 were the “early diagnosis and treatment
of deep vein thrombosis”, and not the “prevention of pul-
monary embolism through the prevention of deep vein
thrombosis”. The suit concluded that it could not be said
that the “defendant hospital was liable for the develop-
ment of the pulmonary embolism” through not taking
measures to prevent deep vein thrombosis at the time.

DiscussioN

Features of a Society’s Specialty

Of the three associations that focus on the specialty of
venous diseases and compose the Japanese Board for
Cardiovascular Surgery, much activity is centered on the
Japanese Society for Vascular Surgery. However, there
are many specialists who, due to many restrictions, are
unable to obtain a position on the Japanese Board for
Cardiovascular Surgery. This is a reflection of the
thought that society expects someone other than cardio-
vascular surgeons to be specialists in vascular disease.

Standard of Medical Care

From a medical viewpoint, the “Standard of medical
care”, is not the average level of care, nor is it a minimal
level that hospitals must maintain. Rather, it is a provi-
sional goal used by the judicial system designed to raise
the level of care provision of all members of the medical
society to the highest level”,

Incidentally, the judicial system defines “standard of
medical care” as “the standard of medical treatment
claimed by the medical institution (at the time) based on
contractual medical care (at the time)”. Medicine must
continually improve, and “the expectation held by pa-
tients that the medical institution through its nature seeks
to improve binds (patients and hospitals to) a medical
contract”. Through this premise, the “standard of medi-
cal care” is fixed until such time as there is a medical as-
sociation presentation or addendum report. The famous
Supreme Court decision of Heisei 7 (1995) (a case con-
cerning the photocoagulation procedures on infants with
retinopathy) used this type of basic understanding in its
ruling” In that instance, the conscientious “cooperative
aim” towards the improvement of medicine legally be-
came a “cooperative duty”. However, through legal find-
ings, the judicial system continues to demand a clarifica-
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tion of the “standard of medical care” from the medical
world and the judicial system further demands “the con-
scious use of legal findings in medical reports”” Further-
more, the only reason that messages from the medical
profession do not reach judicial ears is that there are doc-
tors that continue to deliver erroneous messages.” ¥
Therefore medical experts (not board certified medical
experts), must return to the judicial system the most com-
mon medical understanding of the field based on current
objective data. Session theme analysis is useful for this
process.

The Significance of Session Themes

Session theme analysis holds more utility than just the
clarification of guideline problems. From the results of
session theme analysis it could be seen that neither the
Japanese Association for Thoracic Surgery nor the Japa-
nese Society for Cardiovascular Surgery held themes on
venous disease, and that such knowledge was not jointly
accumulated by the members of these associations. Con-
versely, with respect to the Japanese Circulation Society’s
2004 “Guideline Pertaining to Pulmonary Embolism and
Deep Vein Thrombosis Diagnosis, Treatment and Pre-
vention”, the Japanese Association for Thoracic Surgery
and the Japanese Society for Cardiovascular Surgery are
both listed as joint research associations. The Japanese
Society for Vascular Surgery, however, is not. Associa-
tions operate by obtaining member consensus. The public
must see that an association is part of a joint research ef-
fort, and that an association bears responsibility to the
guidelines decided, and that the members of the associa-
tion abide by these same guidelines. The only guideline
definition supported by the Japanese Society for Vascular
Surgery clarified here, received consensus from members
of the society.

CONCLUSION

From investigation of the progression of session
themes, the society’s members’ understanding of the

20

standard of medical care of the time and the society’s
transformation over time became clear. It is believed that
the recording of each future session’s progressive condi-
tions, problem points, resources, and reasons for discon-
tinuation, would assist better understanding of societies’
opinions based on their member consensus.
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BESRAIVE  OIWMIOADEWN LMD, MR, FIIRROMPIHERE &

RO (& S8l ISR EMENEZE) 2 hH D)

OBz LR B8 P I 7 &7 JERSIBE S ifi s IR, B ER PN H i o
AR e\

OHANME, SLE, U v oSHEM A, HIV BRYYE, 7% &SRR
5 M/ MIGRAME & AT R&TH S

OEDTA ARA- M8 i/ U AE % BRAL 9 %

O MM VE LMK IR A SR BE G %2~/ ) o8 R I N A E 72 &,
MR I 2 8V A RN E B E BRI 5

OEEMEO MM % RO L BEOHA % 5T, BEILOENO IS
MR % 380 B EE, R bIHBEELRGT 5

— 1. EHIFER
| FEIE 35 5, otk ASRRIET,  ICBMIMMEE B LS R b7
E Bl LRI & D S X OB RHER A D R CHURIE & A 2 B S
T, 23 HRTE O IR P TS S 2D B LD 12k o 2700, HEET
LI, TR MAMRD (05 T5/uD) &S, B E SBA~RA L 5. 4
B COBRIRICT, MR & ORI SR L BEIR B 2 5260, RIS
MiE% RO OBEaARE 2 5.

AR B AT LS & O R, RIS D . U X O
(KB BRI AR 35 & OSBEIRM I & 300 . MR, SUR7e L. RILER 415 5,/ u,
Hb 12.9 g/dl, Ht 38%, HEILEK 6,800/, M/IMK 0.4 T3/, BHLERSHEE 2 L.
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ZHIDIRA > b

BRI ORAMERTER O

PT 71%, APTT 34sec, FDP(D #' 4 ~—)0.2ug/ml. EALFWA OFHRE, Bk
REMRAD) RE 2 L.

MR L2 1T - 72 d &, B %17 Lo, ARMEE 16 J7/ul, $EREK
F, RMERFASENRF 2, FLBBEELROT. BRI 200/w &5
LTz,

]

HESEVE /MR A 2R B8R (idiopathic thrombocytopenic purpura : ITP) 1%, o>
PR BRI 2 EOBERHS A TIEEWIZD b 5T, IVMROBEEEATT
HELI/MEEA % & - T B REOKRBETH L. ZOFERMM/IZNT 5 B OB
KT L7280, BKTLEAFFEMH (idiopathic) & v 9 & D i, BEMH: (immune) & 5 W
13 H T %RIENE (autoimmune) & V) FERAHWONE Z &L,

B R, P, S, PHEERMImG L, EEAEEMAEERTH 5.
ITP TR %2 &, BEME R REREIC A SN2 BEPI I8 WA g, &
bOTENTHD. 72, BERORFILTEETRETHS.

EHBHII BT ITP OBWIIVF ZBRABWASETH 5720, Rl (B
REWEMIZT) R HMERICEEN LW & 2ERTRETH 5. EHM, SLE,
U o SRRER R, HIV IRGWE, FREZ 7 SRR 5 i/ MORAE b BRI~
EThb., FEITRLI-BBRAIOEE, HREDRG SN TV zz08b L3
Fhds Tl L7z, $72, BRI OE TR WS, BE TR RAE
BEREATRE T & WA, HERICERENZT)NETH 5. Table1 12, &
A 5B O BRI B SO AR SR SE T i e 18 R R W2 B A AR AT ZE JEE O ITP
WL TOH LB EERERLTWS CEMR~OI XV ' BH).

M/ EAS 3~5 T3/l BT OFEF TEIEIRDBAR, AT A > MTIHil/IMist

Table 1. 181 ITP OLHIEHEE (F)

1) IR (10 J3/ul BUTF)
2) FRMMBHERIES
3) T OBREON 3IERL EEEET
@ &mhHigLy
@ BIERRANDTEO
@ FAMMPOH GP I b-1a HifAES B i
@ [V/)RBESE GP I b-Ma HisoiEn
® IR R DB
® M08 TPO [d8E FRICE & FE S (<300 pg/mi)

4) DB/ MREAMERPIR (SLE, U~/ UEIERE,
HIV BVIE, AHEZ, ERIMEE) ZERNTED
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L5 DAL, EDTA R M/MOEAE % BRIV R & TH 5. KA
A ¥y Y OPEEESE EDTA-2K 12 X 0, IM/MEASEEE L HENMERETH 2R IS B W T
Hikk e Bk s, B LiMEURIEE 25 2 & 0H 5. 20720, BIHE
RLPEFEIEL LOFRMEZRICHEL, MMEIEFIEFTHLZ L 2HRAT 5.
OYE, BIRIEIAETH 5.

ITP IEZ DFSFERN & £ OFBIC LY, S BURIZOESINED, FIE
BT A 2 I3 E b CHEETH 5. —IICANROYE, MR
WIHE DL,

PAIgG (platelet-associated IgG, /MM IgG) DRIE L, 2006 4 I PRERIGE &
NTW5B, ITPIZBWTIEED 90% LLEDOIEFNIIBWT PAIgG 2 LALTED,
Z OB BIRZMITE VDY, PALgG B HM/MMRITHA L7z (B 5 Widfhag L 7o) IR

M7 1gG bMET 5720, BEAREENMZ EOM/MUEAREIZ S PAgG 256
BIC%BZeNHY, CORBRMEIIKC 27% LHBMESNTE, DD
PAIG A ECdH 57315 C ITP & 2B T X 4,

ITP DJFRE TIZ LA /MR 2 L3 2 R ML/ MR AT L T 2 25, M/RGE
% ST A MAE b1 v ARAREF  (TPO) IBEILIER H A WIS NG 5128

5. —H, BEABBAN S &EOM/MMUERREDOSA, M TPO BEIZFE
BIC#ms 5. ¥/, MAMKECHUEE LT, M/MRIE GPITb-MMa ° GPIb-KX
(K3 5 HUARDHE C UL ITP W ORERIZE Y. L Led s, ko
WIS 50% LIBVOPERTHLE. TILH 0 ITP OWMBIZHmEIL v F 72
MRZLAVTH Y, ERBRIIBH SN TR,

Ozt WoRl M S BEE (TTP)

Ifibtﬁ,%\éi, von Willebrand ¥ DY Cd 5 ADAMTSI3 239564 e

—(HEPR I X 0 AET 1M ERETH Y, M/ 2 Al <
W%,;% ELZET L. REETIE, /MO UMM, iRz B L
BB OMTERETH S, MFRBR(+ AT 04 F)PHE—RIRTH 5 (TTP
DEE BRI NIz,

O e R I/ R AME

AR G XY AN V- JUNICE 4 B REERISN L TH R ELE &
M, ZOFADUM/ME G S Sl MGED % X 7230 C, MRMERETH
H. 2R/ UTICRAZEIZENTH S, M/MUERILIZET LS TH 5.
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R/ MRRAMESEITRO

| TEEIE N % 220 B A MR TH B 25, M/REDS 2 J5/ul BLT &M%
AN 2 S
BRDINA VN | o i i 2 0 75, B LS R L O R A5 B 7,
S EFEE T CICHBTRETH L. —F, MMM 2~3 5/l TEERD
Ve, S LOABROLEZR AR THIG L 9 5 (Table 2, Fig. 1).
WELBMA D 556, TTM/AMRMZFTS . La Lads sl S 71
BT CICRE SN 20, R y~ra 7y v KEEE(VIg £ AF70 4
FiaBZRMT 5. BROGEEZATOA RV AEENT LS. b AHIER
B3 5 7% 6, 10T prednisolone (FEDH 72D 0.5~1mg) % BHIET 5.
BAMNL <, NHMICHRELED 2546, [R5 HE S E I 2 Amse]
YD 503 H pylori BREIRELZRARDLEDONA K54 VERPBRIBESNRLTWAS, H
pylori J&Fe ITP 12 BWT, BREHEEZEMEIO 9 BH 60~70% 2B\~ T/
MR SIS (BEBUE L) .
Table 2. ITP O#EREIESH CREMRZESHA KRS 1)
/M <2B/ml | 2~3F/ul | 3~5F/ul
= s R or HERYE or
tﬂﬂmtéﬁ‘gb XTG’r ‘\ 7\5—[3_[]/]/ I\* Xj_m‘l:l/( l\**
I 27048 zFOqke BOROL
FEREER PN =g - . — .
(@, S, u) | 2yoqr  ATOIE S ATRAE
A A& A&
EELHI &2 .
e/ Tl WY VI 2504 R
BEN.OHEE | 2o ZFocr g
*60 U LOBEE D 2 WITRME, BERA, W RAEEE R Y, B
MDYAZ 777 % —%HTHHETERT L.
PREME, BEMER, HENaAEEL Y, Blloy Ry —%
B D EET 5.
H-(P_{/fff M/IMRBBTS/ uIbl LD
P SEQBMEEIE NS
ITP DRERERS ) EORReHE
v
v MR 2/ WU e ) P
R |CAENDERESS P H 35N | X501 R, - second lineis
vig v, | PR | mmuman | g j
ZXrO-4 RIVJLA Ak | TP
T BA

Fig. 1. ITP8RAARS 1V (B)
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