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RV MPI is a useful assessment, but it is also complicated,
and using the MPI is not a simple matter in routine echo-
cardiograpic examinations. Interestingly, it has been reported
that there is a significant relationship between RV E/Ea and
MPL RV MPI has also proven to be useful for the serial
evaluation of patients with various heart diseases.

Pacileo et al. have reported values for E/Ea in the fetus
that did not change significantly throughout gestation [33].
Lia and early systolic velocity (Sa) were significantly lower
in fetuses with heart failure than in control fetuses. and E/Ea
clearly distinguished fetuses with heart failure from controls
[34]. Recent studies have demonstrated that E/Ea can correct
for the influence of relaxation on E and that E/Ea relates
strongly to RV filling pressure. The E/Ea ratio has also been
reported to correlate with right atrial pressure [35]. Nagueh et
al. found that an E/Ea ratio > 6 had a sensitivity of 79% and a
specificity of 73% for detecting a mean right atnal pressure
=10 mmHg.

In an in vitro study Boissiere et al. reported that E/Ea, IVRT,
and the RV Tei index were significantly increased in rats with
PH induced by monocrotaline compared with controls [36].
These authors maintained that TDI was an accurate means of
assessing both RV diastolic and RV global dysfunction. How-
ever conventional echocardiography did not prove to be very
usefulin highlighting RV diastolic abnormalities in PH groups.
On the other hand, the combination of conventional pulsed
Doppler and TDI was helpful in studying RV filling pressure
increases in rats with severe PH.

BNP is elevated in conditions with ventricular volume and
pressure overload. BNP has been shown to comrelate with
mean pulmonary arterial pressure and pulmonary vascular
resistance in patients with PH, whether primary or secondary
[37]. In patients with right ventricular pressure overload.
including primary PH and thromboembolism, BNP levels
were significantly higher than in controls. BNP is also a
predictor of mortality in paticnts with primary PH [25].
Furthermore, BNP levels also correlate with mean pulmonary
arterial pressure, RV end diastolic pressure, and total
pulmonary vascular resistance [37.38].

Understanding the natriuretic peptide pathway and the
mechanisms that cause an increase in BNP in RV pressure
overload may be of value in evaluating treatment strategics
and in monitoring chnical progress. BNP is produced mainly
in veninicular cardiomyocytes, and its production is increased
in response to ventricular volume or pressure overload.
Stretching of ventricular walls causes activation of the BNP
gene [39]. It is well known that RV overload increases atrial
natnuretic peptide and BNP expression in both RV and atrial
tissue [40.41]. Elevated BNP levels are not only associated
with tmsed central venous pressure caused by volume
overload, but are also affected by blood pressure. age, salt
intake and renal function [42]. Elevation of BNP may play a
therapeutic role when cardiac function detenorates and may
help to maintain renal function and sodiim balance

In the present study. there was a good conelation between
RV E/Ea and BNP levels. However from the standpoint of

cardiac events, RV I/Ea was a more accurate indicator than
BNP. Whereas BNP levels are affected by volume overload
in general or by renal dysfunction, increases in RV E/Ea
provide information about global RV function, particularly
diastolic function, in chronic RV hypertrophy. We observed
that RV E/Ea is a useful predictor of cardiac events in
patients with CPTE, however in evaluating the severity of
disease in patients with CPTE, both RV function as assessed
by TDI and measurement of BNP levels are useful.

4.2, Study limitations

First, the value of this study is limited by the lack of a
reference standard for MPI using E/Ea in patients with PH.
Next, we assessed only RV longitudinal contraction. Further
studies that include both longitudinal and radial strain
imaging may provide additional information. Patients with
atrial fibrillation were excluded in our study, however it is
known that the combination of ammal fibrillation and PH
represents a more serious condition [43], suggesting that
further examinations in this group may be needed.

We have, however, demonstrated that TDI examination of
hearts of patients with CPTE is feasible and reproducible, and
that it allows direct imaging of myocardial dynamics. We
believe that these data represent important information for the
quantitative assessment of RV function in patients with CPTE.

5. Conclusions

This study demonstrates a clinically important application
of TDI derived tricuspid annular velocities in patients with
CPTE. RV E/Ea obtained by pulsed TDI, suggesting RV
diastolic dysfunction, may predict cardiac events in patients
with CPTE.
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Venous Thromboembolism

—— Deep Vein Thrombosis With Pulmonary Embolism, Deep
Vein Thrombosis Alone, and Pulmonary Embolism Alone —
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Masaaki [to, MD**; Takao Kobayashi, MD'

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,  (Cire J 2009; 73: 305-309)

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

Circ J 2009; 73: 305-309

(DVT) are thought to be the same discase 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
20041-3 [n 2004, 2 guidelines for VTE were published in
Japan}* generating increased interest in VIE.

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,

Pulmonary 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 depantments of surgery, pediatrics, obstetrics and
gynecology, orthopedics, otorhinolaryngology, ophthalmolo-
2y, 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 patiemts with PE (or DVT) per 2 monthsx 6/the
response rate! 3

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 Analvsis

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 wath PE DVT alone PE alone
With patient profile (n) 210 420 140
Gender (M/F) 877123 1407280 44/96
Age (years) 63.9%]55 66.3£15.9 67.6115.0
BMI (kg/m?) 23.743.8¢ 2334426 23,2438
dp= |94, bn=392, in=]29
DVT. deep vein thrombosis; PE, pulmonary embolism; BMI, bady mass index
W VT with PE (n=209) Results
B VT »l =409) : oy
(;;} e i Incidence of VTE
p=0.02 A wtal of 6,122 questionnaires were sent; 17 institutes
P=0, 004 | were excluded from our analysis because they had closed or
i W 266 merged. We received 1,635 valid replies, giving a response
245 :’/// rate of 26.8% (1,635/6,105). The number of patients newly
60 - f;/ % diagnosed with PE was 351 during the 2 months of the pres-
% //2 ent period, and that with DVT was 655, The estimated num-
I ﬁ// % ber of new patienis with PE per year was 7,864 (95% CI:
% % 6,572-9,155) and the incidence of PE was 61.9 (95%CL
40 % % 51.7-72.1) patients per 1,000,000 people per year in Japan,
{//f; % The estimated number of new patients with DVT per year
F //j % wias 14,674 (95% CIL: 12,466-16,883) and the incidence of
_,/,-‘"'; % | DVT was 115.5 (95% CI: 98.2-132.9) patients per 1,000,000
20 i:,;ff éf; people per year in Japan.
7 72
s % %‘/ Characteristics of DVT in Patients With and Withow PE
% % Available cases with a detailed profile were 210 with
0 74 7% both DVT and PE, 420 with DVT alone, and 140 with PE
Pain Swelling Redness  All symptoms alone (Table1). Symptoms resulting from DVT were more
Figl. Symptoms of deep vein thrombosis (DVT). The number of frequent in patients without PE, compared with those with

cases 15 shown on each bar. PE, pulmonary embalism.,

PE (Fig1). DVT was equally found in the left and right legs

W Left Side
7 Right Side

P=0.0002 P=0.0002 P10 500003 P=0.07
o | P=0.23 — — 1 0 - 1 = —
1 71 101 64 ?,%' 137 201
15 30 ceses a0k m
10 — k3 56 20 —
§ - 10 —
’ i ol |
DVT with PE  DVT alone  All DVT ONT with PE  DVT alone  All DVT
(n=210) (=412 )  (n=622 +)
l;;-’ Anywhere |
P=0.21  P<D.0001 P=0.004
go . 1e 13l o acd
205 336
40 —
20 | |
20 — Fig2. Location of deep vein thrombosis (DVT)
10 - The number of cases is shown on each bar. *Seven
cases with DVT only in the upper extremities and
0 é % | % % % one without data on DVT site were excluded. PE,
DVT with PE  DVT alone  All DVT VI with PE  DVT alone  All DVT putmonary embolism
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Venous Thromboembolism

Table 2 Diagnostic Techniques for DVT

DVT with PE

DVT alone

in=210) (n=413%) Pral
Venous ultrasonography 132 (63%) 303 ({71%) 0.008
cr 143 (68%) 180 {44%:) <(L.0001
Contrast venography 18{9%) 50(12%) 0.22
MR venography 7(1%) 22(5%) 0.32
RI venography 3(1%) S(1%) 100
CT, computed tomography, MR, magnetic resonance; R, rad pe. Other abbre see n Table |
*Seven cases with DVT only o the upper extremities were excluded,
Table 3 Risk Factors for Venous Thromboembolism
DVT with PE DVT alone PE alone Poonlus
(n=210) (=420} (n=140)
Prolonged mimobilization 57(27%) 01 (24%) 30(21%) .46
Recent major surgery 54(26%) 121 (29%) 40 (29%) a.70
Cancer 48({23%) 81(19%) 21 16%) 0.32
Receni major trauma and/or fracture 22{11%) 47(11%) 15(11%) .96
Central venaus catheter 7{31%) 34 (8%) 9 (6%) 0.06
Pregnancy or posiparium 4(2%) 14(3%) 2{1%) 014
Heart fmlure* 512%) 22(5%) 14(10%) 0.009
Respiratory failure 5(2%) 14(3%) 8(6%) 037
Cerebrovascular disease 10(5%) 28(7%) 8(6%) 0.62
Connective tissue disease and/or stercid use 5(2%) 11{3%) 5(4%) a.79
Benign, large abdominal tumor 211%) 9{2%) 1 (1%) 0.33
No potential rusk factors 42(20%) 66 (16%) 28 (20%) .30

*P=(110 between DVT with PE and DVT alone, P=0.003 between DVT with PE snd 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 Patienis with DVT

OR(95%Cl) P value
Age (10-year increments) (.87 (0.77-0.99) 0.03
Mule L12(0.76-1.66) 0.57
Na symploms of DVT 205(1.39-1.02) 0.0003
Right DVT' 1.98(1.22-3.19) 0.00%
Left DVT 0.99(0.61-1.60) 097
Proximal DVTY 1.79(1.18-2.71) (L0606
BMI 1.03 (0.99-]1.08) 16
Prolonged immobilization 1.2 (0.78-1.86) a4l
Recent major surgery (.83 (0.54-1.28) .40
Cancer 1.08 {0.68-1.70) a.75
Recent major trauma andfor fracture (L85 ((L46-1.54) 0.58
Central venous catheter .44 (0.19-1.00) a.65
Pregnancy or postpartum 0.37 (0.10-1.32) 012
Heart fallure .59 (0.20-1.68} 032
Respiratory failure 0.58(0.18-1.92) 037
Cerebrovascular disease 066 (0.28-1.55) 034
Connective tissue disease and/or steroul use 148 (0.54-4.02) 045
Benign. large abdominal tumaor 100

Slncluding IVC, tiac vem, and thigh veins.

OR, odds ratio; Cl, confidence interval; IVC, inferior vena cava. (ther abbreviations see in Table |

of patients with PE, but more frequently in the left than in
the right leg of patients without PE (Fig 2). 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 DV and Age

Leg swelling (presence, 64.7216.0 years; absence, 66.5%
15.7; P=0.10) and redness (presence, 63.0£15.7 years; ab-
sence, 65.9£15.9, P=(.09) were found regardless of age in
patients with DVT. Younger patients complained more about
leg pan (complamnt. 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).

Diagnestic 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 Fuctors 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 Yenous Thromboembolism

SAKUMA M et al

IDVI with PE  DVT alone  'PE alone P value®
(n=210) (n=420) (m=140) lyg? lygd Typd

Hepann 175(83%) M3 (58%) 106 (76%:) <0.0001 0.40 0.0005
Warfurin 162 (77%) 282167%) 86(61%) 0.04 0.0606 066
Anticoagulation

Heparin — warfarin 136 (65%) 174 141%) 69 (49%) <L (0] 0.g2 .40

Heparin alone 39119%) 20117%) 37 (26%) 1.0 0.26 o

Warfarin alone 26(12%) 1091 26%) 17112%) <(L.00G1 Ly 603
Thrombolysis 58(28%) 55(13%) I8(27%) < (L0001 1.00 006
IVC filter 110(52%) 93(22%) 22(16%) <0.000! <0000 035

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

Borferroni’s modificanon.
Abbreviations see in Tables |, 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
1o the presence of PE in patients with DVT (Table4).

Management of VI'E (Table5)

Heparin and thrombolysis were used less frequently in
patients with DVT alone, Implantation of an inferior vena
cava filier 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%CI, 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.

leofernoral DVT tends 1o oceur in the left leg? 12 where-
as femoropopliteal DVT occurs equally in the right and left
legs, and most are contiguous to calf thrombosis? 2 Those
previous reports and the present results suggest that DVT
without PE is related to ileofemoral DVT, and that DVT
with PL 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!*
and the previous reports suggest that free-floating venous
thrombi cause less symptoms from DVT than occlusive
DVTs!*15 On the other hand, most cases of symptomatic
DVT have extensive occlusive proximal thrombi?!® 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 Presencg 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 symploms 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
method?** 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
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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 filiers 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
wis 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 | decade in Japan. These results
are similar to the prevalence of PE estimated by the Minisiry
of Health, Labour and Welfare in Japan (3,000 patients in
1996 and 7,000 in 2005)#72% The vital statistics were 1,410
deaths from PE in 1996, and 1,900 deaths in 200623 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?®).

Study Limitations

One 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 (o
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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