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Objective: To investigate the usefulness of D-dimer as a 
screening method as well as to explore potent predictors of 
deep vein thrombosis (DVT) in hospitalized Japanese patients 
with acute medical diseases/episodes. 
Methods and Subjects: This study was a multi-center, pro-
spective, observational study. The inclusion criteria were 
hospitalized patients at high risk of developing venous throm-
boembolism with; (1) congestive heart failure, acute exacer-
bation of chronic obstructive pulmonary disease, infectious 
diseases, or inflammatory diseases, (2) bed rest ≥4 days, and 
(3) ≥60 years old. D-dimer was measured on the same day as 
ultrasonography. Multivariate logistic regression analysis was 
performed to investigate predictors associated with the 
presence of DVT.
Results: Sixty-nine patients were enrolled. The prevalence 
of DVT was 33.3% (23/69; 95% C.I., 19.4% to 47.3%). 
D-dimer was measured in 42 patients and the sensitivity and 
negative predictive value reached 100%, while the spec-
ificity (13.3%) and positive predictive value (31.6%) were 
low (cut-off value: 0.9 or 1.0 µg/mL). Statistically significant 
predictor was not assigned.

Introduction

D-dimer has been widely utilized for the screening and 
diagnosis of venous thromboembolism (VTE)1,2) and was 
included in the diagnostic algorithm of “Guidelines for 
the Diagnosis, Treatment and Prevention of Pulmonary 
Thromboembolism and Deep Vein Thrombosis.”3) While 
some reports have been published in Japan, most of which 
refer only to surgical and not to non-surgical patients. The 
subjects of these reports were postoperative orthopedic 
patients,4,5) postoperative patients with gynecological can-
cers,6) ovarian cancer or borderline malignancy,7) stroke 
patients,8) and orthopedic patients or those with other 
forms of cancer, cardiovascular disease, or gastrointestinal 
disease.9–12) Most of the subjects in retrospective study 
were symptomatic patients, prospective study was required 
in order to clarify the actual situation including asymp-
tomatic patients.

Although the risk factors for DVT in medical practice are 
described in the “Japanese Guideline for Prevention of Venous 
Thromboembolism” (prevention guideline),13) reports from 
Japan are limited to patients with heart failure,14,15) stroke,8) 
acute intracerebral hemorrhage,16) and severe motor and intel-
lectual disabilities.17,18) The increased D-dimer levels are 
known to associate with aging and other medical/patho-
logical conditions other than thrombosis.19) Therefore, in 
the hospitalized elderly patients with acute medical dis-
eases/episodes and these conditions, specificity and posi-
tive predictive value were expected to be low compared to 

Conclusion: As the sensitivity and negative predictive value 
of D-dimer reached 100%, D-dimer have a role in excluding 
patients who might otherwise undergo diagnostic imaging 
for DVT in hospitalized Japanese patients with acute medical 
diseases/episodes. 
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the patients without these conditions. High sensitivity and 
negative predictive value are required crucially as screen-
ing test, and at the same time showing its specificity and 
positive predictive value should be associated so that we 
can employ age-adjusted high cut-off value for elderly 
patients.

We enrolled non-surgical Japanese patients judged to 
be at high risk of developing VTE as defined by the pre-
vention guideline,13) and evaluated the usefulness of  
D-dimer in screening for DVT. We also explored potent 
predictors for the presence of DVT among the known risk 
factors. 

Materials and Methods

Prior to start the study, the protocol formulated by investi-
gators was reviewed and approved by the institutional 
review board/ ethical committee of each medical site. The 
study was performed in accordance to the Declaration of 
Helsinki version 2008. The investigator explained the pur-
pose and methods of the study to each subject before 
obtaining written informed consent.

Hospitalized patients identified as high risk of develop-
ing VTE were enrolled in the study. Risk factors consid-
ered were those referred to in the prevention guideline.13) 
Inclusion criteria were patients with; (a) acute exacerba-
tion of congestive heart failure (CHF) in Class III or IV of 
NYHA (New York Heart Association) functional classifi-
cation, acute exacerbation of chronic obstructive pulmo-
nary disease (COPD), infectious diseases, or inflammatory 
diseases (including rheumatological diseases), (b) expected 
to require bed rest for at least four days, and (c) age of at 
least 60 years. Patients were excluded if they had received 
treatment for VTE, undergone surgery or been injured 
within the 3 months prior to bed rest, a diagnosis of VTE 
at hospitalization, or were receiving treatment with anti-
coagulants. As well as patients who had complete bed rest, 
we included patients where there was a temporary suspen-
sion of bed rest (e.g., in order to go to the toilet) during the 
bed rest period. We also counted rest period in another site 
or home just before hospitalization in study site.

After receiving informed consent, the subject was 
assessed for the presence of DVT by lower extremity ultra-
sonography (US) as well as undergoing a physical examina-
tion and laboratory tests. The following information was 
obtained: demographic variables, lifestyle variables, and 
comorbidities (see Table 1). Laboratory tests for thrombo-
philia were performed for subjects with DVT. If the rest 
period was less than four days contrary to expectations, 
investigation was discontinued.

D-dimer was measured on the same day that each patient 
underwent US. The assays were performed in the laboratory 
of each study site using the same test cut-off levels that the 

study site had routinely used (0.9 or 1.0 µg/mL). The assay 
methods included latex agglutination and latex photomet-
ric immunoassay.

Evaluation of DVT

Diagnosis by US is non-invasive, and was standardized in 
the 2008 guideline “Criteria for ultrasound diagnosis of 
deep venous thrombosis of lower extremities” by the Japan 
Society of Ultrasonics in Medicine.20) We thus considered 
that diagnosis using US was reproducible and reliable. A 
US was performed between Day 6 of bed rest and Day 14 
of hospitalization in study site. Whenever DVT was sus-
pected from symptoms, we immediately conducted US to 
assess the patient. If bed rest was cancelled before more 
than 2 days of US planned date, US was performed on the 
day or the next day of bed rest cancel. In this study, the US 
targeted the following lower extremity veins from the iliac 
crest to the lower leg: common iliac vein, external iliac 
vein, internal iliac vein, common femoral vein, superficial 
femoral vein, deep femoral vein, popliteal vein, gastrocne-
mius vein, peroneal vein, posterior tibial vein, anterior tib-
ial vein, and soleus vein. When the thrombus was observed 
or suspected in illiac or femoral veins, we also tested infe-
rior vena cava to confirm proximal end. The test was per-
formed in the supine position at the pelvic and femoral 
regions, and in the sitting position at the popliteal and cru-
ral regions. However, if the sitting position was difficult 
due to the patient’s condition, the test in supine position 
was also allowed. When testing the pelvic region, a 3.5 
MHz convex probe or sector probe was used. For testing 
the femoral, popliteal, and crural regions, a 7 to 10 MHz 
linear probe or a 3.5 to 7.5 MHz convex probe was used. 
Compression sonography with B-mode was adopted for 
morphological diagnosis. For evaluation of blood flow, 
Color Doppler or pulse Doppler methods were also 
employed. Distinction of new or old thrombus was also 
performed based on the following information: stenosis 
and distention of vein, floating, regression, consistency, sur-
face character, brightness, and homogeneity of thrombus, 
perfusion defect, recanalization in thrombus, and collateral 
in branch. We defined as proximal DVT when the proximal 
end was observed in the following veins: inferior vena cava, 
common iliac vein, external iliac vein, internal iliac vein, 
common femoral vein, superficial femoral vein, deep femo-
ral vein, or popliteal vein. The detection of pulmonary 
thromboembolism was not a part of this study. Prior to the 
start of the study, a workshop was held in which the inves-
tigators and the medical technologists were given a detailed 
explanation and thorough training on the US procedure.

We established an independent central evaluation com-
mittee to minimize differences in evaluation among the 
study sites. A physician (Hiroshi Matsuo) who was an 
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author of the guideline “Criteria for ultrasound diagnosis of 
deep venous thrombosis of lower extremities”20) was assigned 
to be a central evaluation committee member. Medical site where 
the central evaluation committee member belonged did not 
register the subjects to stand as an independent manner. 
Investigators sent all moving image, following still images 
(both common iliac veins confluence section, right/left 
common femoral veins, right/left popliteal veins, and 

right/left crural veins including soleus veins) and reports on 
the US of the lower extremity vein to the independent cen-
tral evaluation committee. If there were questions on the 
images or reports, the central evaluation committee contacted  
investigators or medical technologists. Using a standardized 
approach, the committee evaluated and determined presence 
of DVT based on these images and information. The US results 
in this study were based on the final committee evaluations.

Table 1  Characteristics of hospitalized patients with congestive heart failure, 
chronic obstructive pulmonary disease, infectious diseases, or 
inflammatory diseases

Variables N = 69

Age* (years) 80.5 ± 9.5
Women 36 (52.2%)
BMI (kg/m2) 21.6 ± 5.7
Systolic blood pressure (mmHg) 125.2 ± 20.7
Diastolic blood pressure (mmHg) 69.1 ± 16.7
Duration of rest* (days) 9.8 ± 4.8
Smoking history (Male) (current or past) 16 (48.5%)
Smoking history (Female) (current or past) 3 (8.3%)
Habitual drinker (Male) (current and past) 16 (48.5%)
Habitual drinker (Female) (current and past) 2 (5.6%)
Recent regular exercise (once or more in one week) 14 (20.3%)
Catheterization within last three months† 13 (18.8%)
Reason for hospitalization
 Congestive heart failure 44 (63.8%)
 Infectious diseases 14 (20.3%)
  Pneumonia 9 (13.0%)
  Bronchopneumonia 3 (4.3%)
  Aspiration pneumonia 1 (1.4%)
  Cholangitis 1 (1.4%)
 Acute exacerbation of COPD 9 (13.0%)
 Inflammatory diseases 2 (2.9%)
  Articular rheumatism with pulmonary fibrosis 1 (1.4%)
  Nephrotic syndrome 1 (1.4%)
Mechanical prophylaxis 8 (11.6%)
Taking antiplatelet agents 17 (24.6%)
Comorbidities
 Malignancy 13 (18.8%)
 Diabetes 13 (18.8%)
 Dyslipidemia 13 (18.8%)
 Hyperuricemia 22 (31.9%)
 Paralysis 6 (8.7%)
 Hypertension 46 (66.7%)
 Angina pectoris 17 (24.6%)
 Myocardial infarction 7 (10.1%)
 Thrombophilia 1 (1.4%)
 Arrhythmia 27 (39.1%)
 Stroke 16 (23.2%)
 Aortic aneurysm 4 (5.8%)
 COPD 15 (21.7%)
 Asthma 6 (8.7%)
 Gastroduodenal ulcer 5 (7.2%)
 Chronic hepatitis 1 (1.4%)
 Hepatic cirrhosis 1 (1.4%)
 Nephrosis syndrome 3 (4.3%)

*Age and duration of rest are values at the time of US and other data are values at the 
registration. †Catheterization was investigated regardless purpose and site. Values 
are expressed as mean ± standard deviation for continuous variables. Italics indicate 
breakdown of the disease. BMI: body mass index; VTE: venous thromboembolism; 
COPD: chronic obstructive pulmonary disease
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Data Analysis

The frequency of DVT was calculated. The prevalence of 
potential risk factors for DVT (obesity, bed rest, smok-
ing, diabetes, etc.) was compared between DVT-positive 
and -negative groups by Fisher’s exact test, Student’s 
t-test or Wilcoxon rank sum test.

The D-dimer levels were compared in relation to DVT 
present/absent and then the sensitivity, specificity, positive 
predictive value, and negative predictive value were calcu-
lated. The D-dimer data that were obtained on the same day 
as the US for each patient were included in the data analysis.

Continuous variables were summarized using descrip-
tive statistics (mean ± standard deviation [SD]) and discrete 
variables were summarized using frequencies and percent-
age. The results of statistical tests were indicated by P values 
with a significance level of a = 0.05. Logistic regression anal-
ysis was performed to investigate predictors associated 

with the presence of DVT. We chose following six potential 
predictors as independent variables: age, duration of rest, 
sex, taking antiplatelet agent, concomitant malignancy, and 
concomitant COPD. Statistical analyses were performed 
using R version 2.15.2 (R Foundation for Statistical Com-
puting, Vienna, Austria).

Results

The study was conducted from September 2009 to 
August 2010 at six sites (Fukushima Daiichi Hospital, 
Saitama Medical University International Medical Cen-
ter, Yokohama Minami Kyousai Hospital, Mie University 
Hospital, Kyoto University Hospital, and Takarazuka 
Municipal Hospital).

A total of 69 subjects (33 males and 36 females; mean 
age of 80.5 ± 9.5 years) were enrolled in the study. Forty-four 
patients had CHF, 14 had infectious diseases (nine with 

Table 2  Characteristics of patients classified by the presence or absence of DVT

DVT (+) (n = 23) DVT (-) (n = 46) P value‡

Women 13 (56.5%) 23 (50.0%) 0.799
Age* (years) 79.5 ± 10.3† 81.0 ± 9.2 0.525
BMI (kg/m2) 20.7 ± 5.6 22.0 ± 5.7 0.399
Systolic blood pressure (mmHg) 124.6 ± 22.6 125.5 ± 19.9 0.861
Diastolic blood pressure (mmHg) 67.3 ± 11.2 70.1 ± 18.9 0.487
Duration of rest* (days) 11.0 ± 6.9 9.2 ± 3.3 0.376
Smoking history (Male) 6 (26.1%) 10 (21.7%) 0.465
Smoking history (Female) 1 (4.3%) 2 (4.3%) 1.000
Habitual drinker (Male) 6 (26.1%) 10 (21.7%) 0.465
Habitual drinker (Female) 1 (4.3%) 1 (2.2%) 1.000
Recent regular exercise (once or more in one week) 5 (21.7%) 9 (19.6%) 1.000
Catheterization within last three months† 5 (21.7%) 8 (17.4%) 0.743
Comorbidities

Malignancy 6 (26.1%) 7 (15.2%) 0.334
Chemotherapy for malignancy 3 (13.0%) 3 (6.5%) 1.000
Diabetes 3 (13.0%) 10 (21.7%) 0.520
Dyslipidemia 2 (8.7%) 11 (23.9%) 0.194
Hyperuricemia 7 (30.4%) 15 (32.6%) 1.000
Paralysis 0 (0.0%) 6 (13.0%) 0.168
Hypertension 14 (60.9%) 32 (69.6%) 0.589
Angina pectoris 4 (17.4%) 13 (28.3%) 0.387
Myocardial infarction 4 (17.4%) 3 (6.5%) 0.211
Thrombophilia 1 (4.3%) 0 (0.0%) 0.333
Arrhythmia 6 (26.1%) 21 (45.7%) 0.190
Heart failure 16 (69.6%) 33 (71.7%) 1.000
Stroke 3 (13.0%) 13 (28.3%) 0.229
Aortic aneurysm 2 (8.7%) 2 (4.3%) 0.596
Chronic obstructive pulmonary disease 8 (34.8%) 7 (15.2%) 0.119
Asthma 0 (0.0%) 6 (13.0%) 0.168
Gastroduodenal ulcer 0 (0.0%) 5 (10.9%) 0.161
Chronic hepatitis 0 (0.0%) 1 (2.2%) 1.000
Hepatic cirrhosis 0 (0.0%) 1 (2.2%) 1.000
Nephrosis syndrome 1 (4.3%) 2 (4.3%) 1.000

‡Statistical test methods: Fisher’s exact test for categorical data, Student’s t-test or Wilcoxon rank sum test for continuous data. *Age 
and duration of rest are values at the time of US and other data are values at the registration. †Catheterization was investigated re-
gardless purpose and site. Values are expressed as mean ± standard deviation for continuous variables. DVT: deep vein thrombosis; 
BMI: body mass index
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pneumonia, three with bronchopneumonia, one with aspi-
ration pneumonia and one with cholangitis), nine had 
COPD and two had inflammatory disease (one case of 
articular rheumatism with pulmonary fibrosis and one of 
nephrotic syndrome). No patients had histories of VTE and 
eight patients received mechanical prophylaxis (Table 1).

Details of subject characteristics by the presence or 
absence of DVT were shown in Table 2. No statistically 
significant difference was observed between DVT-positive 
(n = 23) and -negative (n = 46) groups in terms of baseline 
characteristics. 

The calculated total prevalence of DVT was 33.3% 
(23/69) in patients with CHF, COPD, infectious diseases, 
or inflammatory diseases (95% confidence interval: 
19.4%–47.3%). Six subjects had proximal DVT and their 
proximal ends were common femoral vein in one subject, 
superficial femoral vein in two subjects, and popliteal 
vein in three subjects. Seventeen subjects had distal DVT 
and all of them had thrombi in soleus veins. Seventeen 
subjects had new thrombi and six had old thrombi only. 
Twenty out of 23 subjects (87.0%) were asymptomatic. 
After re-evaluation by central evaluation committee, two 
cases were changed from DVT positive to negative, and 
four cases were changed from DVT negative to positive. 
The evaluations by site investigator and evaluation com-
mittee were the same for other 63 cases (19 DVT positive 
and 44 DVT negative cases).

The sensitivity, specificity, positive predictive value, and 
negative predictive value of D-dimer compared with the 
results of US were summarized in a contingency table 
(Table 3). Forty-two patients had their D-dimer measured 
on the same day as they underwent US. The cut-off level 
adopted for the D-dimer test was the same value (1.0 or 0.9 
µg/mL) as that routinely used in each laboratory. A total of 
38 patients were classified as high (i.e. abnormal) level 
including all 12 DVT positive patients. In contrast, four 
patients were classified as normal level while there were 30 
DVT negative patients. These results showed that the sensi-
tivity and negative predictive value reached 100%, while 
the specificity (13.3%) and positive predictive value 

(31.6%) were low. We drew a Receiver Operating Charac-
teristics (ROC) curve and examined the cut-off level (Fig. 1). 
When the cut-off level was 3.5 µg/mL, the ROC curve was 
closest to the upper left corner. The sensitivity was 75%, 
specificity was 40%, the positive predictive value was 
33.3%, and the negative predictive value was 80% at 
that point.

The results of logistic regression analysis were shown in 
Table 4. No statistically significant predictor was found.  
P value of concomitant COPD was less than 0.1.

Discussion

Based on the lower extremity vein US, 33.3% (23/69; 
95% CI, 19.4% to 47.3%) of non-surgical patients with 
CHF, COPD, infectious diseases, or inflammatory diseases 
had DVT. The results of our study indicate that high risk 
patients exist in the non-surgical patient group with a fre-
quency comparable to that of post-operative patients 
(27.4% to 50.0%).21) Notably, 20 patients (20/23: 87.0%) 
with DVT were asymptomatic. In 2007 and later, new anti-
coagulants (fondaparinux sodium, enoxaparin sodium, 
edoxaban tosilate hydrate, rivaroxaban, and apixaban) 
became available in Japan, but VTE prevention is only 
indicated for patients undergoing surgery. Unfractionated 
heparin was approved also for non-surgical patients, it is 
necessary to manage the bleeding risk when using anticoag-
ulants. For acutely ill hospitalized medical patients who 
were bleeding or at high risk for bleeding, American College 

Table 3  Sensitivity, specificity, positive predictive 
value, and negative predictive value of 
D-dimer compared with the results of US

US

D-dimer DVT (-) DVT (+) Total

High 26 12 38
Normal  4  0  4
Total 30 12 42

Sensitivity: 100%, Specificity: 13.3%, Positive predictive 
value: 31.6%, Negative predictive value: 100%. US: 
ultrasonography; DVT: deep vein thrombosis

Fig. 1  Receiver Operating Characteristics (ROC) curve of D-dimer. 
When the cut-off level was 3.5 µg/mL, the ROC curve was 
closest to the upper left corner. Sensitivity was 75% and 
specificity was 40% at that point. 
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prior to diagnostic imaging. We considered that many sub-
jects even without thrombi or with old thrombi only of 
this study had factors that increase D-dimer level that 
resulted in low positive predictive value and specificity. We 
showed that the prevalence of DVT was fairly high even in 
non-surgical asymptomatic hospitalized patients with 
acute medical diseases/episodes and evaluation for DVT 
should be mandatory in such high risk patients.3) 

We measured D-dimer only once in each institution and 
did not perform central measurement. The diagnostic accu-
racy of D-dimer observed in this study was not as high as 
that achieved in previous studies of surgical patients.4,5) 
Because the condition of non-surgical patients before and 
after hospitalization varies substantially among individuals 
in comparison with patients undergoing elective surgery, we 
have to assume that there was a large variance in the timing 
of thrombus generation. Because D-dimer levels change 
depending on the blood collection time,4–6) further study is 
necessary to evaluate the optimal blood collection time in 
non-surgical patients. Watanabe et al. reported that based 
on multiple logistic regression analysis, D-dimer at postop-
erative Day 4 was an independent marker of DVT but had 
no statistical significance on postoperative Day 1.4) Kodama 
et al. reported that the D-dimer value gradually increased, 
peaked on postoperative Days 7 to 10, and then decreased.6)

No statistically significant predictor was identified 
among the predefined risk factors by multivariate logistic 
regression analysis. Age, rest period, concomitant malig-
nancy, and concomitant COPD were assigned as indepen-
dent variables with reference to the risks specified in the 
prevention guidelines.13) Sex was assigned based on a 
patient survey conducted by the Ministry of Health, Labour 
and Welfare.24) Taking antiplatelet agent was assigned based 
on a review article by Watson et al.25)

A major strength of our study is that we investigated 
DVT prospectively even for asymptomatic patients. Since 
the 20 patients were asymptomatic among 23 patients 
with DVT, the findings could not be obtained from retro-
spective studies became clear. Most of the subjects in ret-
rospective study are symptomatic patients. We also consider 
that multicenter study have a higher value more than a 
single-center study for generalizability.

of Chest Physicians (ACCP) evidence-based clinical prac-
tice guideline recommended against anticoagulant throm-
boprophylaxis.22) Since the new anticoagulants does not 
have indication of prevention for non-surgical patients and 
87% of patients with DVT were asymptomatic in this 
study, asymptomatic VTE is more likely to be missed in 
non-surgical patients. However, due to limitations on 
examination time and cost, diagnostic imaging of the lower 
extremity vein cannot be performed for all the patients at 
high risk. D-dimer is useful as a screening test as it can 
narrow down the number of patients who need to undergo 
diagnostic imaging by excluding patients with a low 
D-dimer level. The results indicated that the sensitivity 
and negative predictive value of D-dimer reached 100%, 
while the specificity (13.3%) and positive predictive value 
(31.6%) were low. In previous study for patients with acute 
stroke, high sensitivity (89%) and specificity (82%) were 
reported when a cut-off value was set as 5.5 µg/mL.8) In 
that study, it was suggested that degree of D-dimer increase 
was not as much as the patients with acute stroke. Yamada 
et al. investigated DVT occurrence in non-surgical patients 
with various diseases including cerebrovascular diseases 
and heart diseases. DVT occurrence was 9.3% in patients 
with ischemic heart disease and 11.1% in patients with 
other heart diseases.23) DVT occurrence in patients with 
heart diseases was not as high as occurrence in patients 
with cerebrovascular diseases (25.7%). If we set higher cut-
off value to increase specificity, sensitivity would be 
decreased. In this study, we employed cut-off value (0.9 or 
1.0 µg/mL) which was set by the laboratory of each site. In 
consideration that the purpose is screening, we think that it 
is better to focus on sensitivity even have low specificity 
and positive predictive value. Other than thrombosis, the 
following conditions have all been shown to be associated 
with increased D-dimer levels: aging, smoking, malignancy, 
infection, chronic inflammatory diseases, acute coronary 
syndromes, stroke, and congestive heart failure.19) There-
fore, there is a limitation to represent the definitive diagno-
sis of having DVT by testing D-dimer levels. However, the 
measurement of D-dimer levels may be useful as it can nar-
row down the number of patients that need to be examined 
by diagnostic imaging when it is used as a screening test 

Table 4 Logistic regression analysis

Variable
Crude odds ratio 

(95% CI)
P value

Adjusted odds ratio 
(95% CI)

P value

Age (for 1 year) 0.98 (0.93–1.04) 0.519 0.96 (0.90–1.02) 0.193
Rest period (for 1 day) 1.09 (0.96–1.22) 0.179 1.06 (0.92–1.23) 0.426
Sex (women) 1.30 (0.47–3.56) 0.610 1.89 (0.60–5.95) 0.277
Taking antiplatelet agent 0.34 (0.09–1.34) 0.125 0.32 (0.07–1.37) 0.124
Comorbiditiy: malignancy 1.97 (0.57–6.73) 0.281 1.82 (0.42–7.91) 0.423
Comorbiditiy: COPD 2.97 (0.92–9.63) 0.070  3.17 (0.84–11.89) 0.088

CI: confidence interval; COPD: chronic obstructive pulmonary disease
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