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The optimal cutoff for LPIA Genesis D-dimer using a novel
antibody in exclusion diagnosis of deep vein thrombosis.
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ABSTRACT

Introduction

The cross-linked fibrin degradation product known as D-dimer, in combination with pretest clinical probability
scores, is widely used in deep vein thrombosis (DVT) exclusion diagnosis. However, if the common normal range
for D-dimer is taken as the cutoff for all patients, regardless of medical status, the exclusion efficiency is unac-
ceptably low. Therefore, it is necessary to establish optimal cutoffs based on patient population and reagent type.
This study retrospectively examined cases in which the LPIA Genesis D-dimer test (LG-DD) was employed.
Methods

We confirmed optimal D-dimer cutoffs for DVT exclusion diagnosis for each patient background with throm-
botic tendencies. The 764 patients tested for lower extremity DVT by ultrasonography were divided into three
groups: No DVT, acute DVT, and chronic DVT. D-dimer values were compared among patients over the age of
55, patients with a malignant tumor, post-operative patients, pregnant patients, and other medical conditions.
Results

Each population, excluding pregnant patients, showed significantly higher values in the acute DVT group than
in the no DVT and chronic DVT groups. The optimal D-dimer cutoff for patient characteristics was 1.9 pg/mL in
the “other” category and 2.1 pg/mL in the group over 55 years old. The cutoff was as high as 3.4 ug/mL in the
malignant tumor patient group and 16.6 pug/mL in the post-operative patient group. In addition, when an age-ad-
justed cutoff was used, the specificity and positive likelihood ratio were improved, while maintaining high sensi-
tivity.
Conclusion

The D-dimer measurement using LG-DD is useful in DVT exclusion diagnosis. Effective and efficient DVT ex-
clusion diagnosis can be determined by setting a D-dimer cutoff based on the characteristics of the patient.

(Lab Med Int 2024; 3(4): 111-117)
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L Introduction.........oooouiiiiiiii i,

D-dimer is a cross-linked fibrin degradation product and
a sensitive marker of ongoing clot formation. When the
D-dimer value is below the reference value, in combina-
tion with the pretest clinical probability score, deep vein
thrombosis (DVT) can be excluded with high reliability,
without the need for lower extremity venous ultraso-
nography echo (US-echo) or vein imaging with contrast
computed tomography V2%, However, patients at high
risk of developing venous thromboembolism have high
D-dimer levels due to the underlying disease . There-
fore, the exclusion efficiency is unacceptably low when
a general normal range of D-dimer is adopted as a cutoff
for all patients, regardless of their medical status. Guide-
lines of the Japanese Circulation Society do not recom-
mend the use of D-dimer in high-risk groups®. Aging and
anticoagulation can also cause fluctuations in D-dimer
levels 7%, In addition, the D-dimer assay is not stan-
dardized because each reagent differs in units, D-dimer
and fibrinogen equivalent units, measurement principles,
and reactivity to D-dimer fraction sizes ¥V, Thus, the
optimal D-dimer cutoff in DVT exclusion diagnosis may
change depending on the patient population and reagents
used.

In this study, we retrospectively examined cases that
employed the LPIA Genesis D-dimer (LG-DD) test, to
investigate an optimal D-dimer cutoff for DVT exclusion
diagnosis based on patient characteristics. Optimal D-di-
mer cutoff can be used to reduce unnecessary imaging
tests, reduce medical costs, and reduce the burden on
clinicians, laboratory technicians, and patients.

IL Methods - ...oovoiiii e

A. Comparison of different principles for D-dimer test
reagents

We tested residual specimens from 97 patients for
whom D-dimer assays were performed at the Kyoto
University Hospital laboratory between August 27, 2019
and March 31, 2020. LG-DD (LSI Medience Corpora-
tion, Tokyo, Japan) was used as the DDU reagent with
the latex agglutination method, and measurements were
performed using a STACIA test system (LSI Medience
Corporation). As the FEU reagent, Vidas D-dimer Ex-
clusion II (Vidas, Biomerieux Japan Ltd., Tokyo Japan)
was used with the ELISA method, and measurements
were performed using a mini VIDAS system (Biomerieux
Japan Ltd.). The measured value of LG-DD (DDU) was
converted into FEU according to the formula expressed
on the package, DDU (pg/mL) x 0.58 = FEU (ug/mL),

and the concordance rate at the standard value was eval-
uated.
B. DVT exclusion diagnostic

In this study, 764 patients were included, who were
referred to our laboratory for US-echo analysis between
May 2016 and April 2019, and D-dimer was measured
2 weeks before and after. LG-DD was used as the D-di-
mer reagent. Measurements were performed using the
Coapresta 2000 analyzer (Sekisui Medical Co., Ltd.,
Tokyo, Japan). For US-echo, the presence or absence of
thrombi was confirmed in B mode using a linear probe,
and a convex probe was used for the venous compression
method. The color Doppler and pulse Doppler methods
were used for evaluation as needed. The stage was com-
prehensively judged from the vasodilation and the echo
brightness of thrombi® .

Based on the US-echo results, patients were classified
into a no DVT group with no thrombi, an acute DVT
group with thrombi, or a chronic DVT group with obso-
lete thrombi. These three categories of DVT status were
compared among groups of patients classified by age (>
55 years), post-operative care (2 months), presence of
malignant tumors, pregnancy, or other (belonging to none
of the aforementioned categories). The age-adjusted cut-
off was 55 years or older, and the age was multiplied by
0.022 to evaluate sensitivity and specificity. Furthermore,
D-dimer values for each treatment of anticoagulation
therapy were compared between the acute and chronic
DVT groups.

C. Statistical analysis

For statistical analyses, EZR on R commander version
1.54 was used . Cutoffs were analyzed using the receiv-
er operating characteristic (ROC) curve, and the sum of
sensitivity and specificity was set to the maximum (max-
imum Youden’s index). The Kruskal-Wallis rank sum test
was used for comparisons between each group, and a risk
rate of < 5% was considered significant.

This study was approved by the Institutional Review
Board of the Graduate School of Medicine, Kyoto Univer-
sity School of Medicine, and the Medical School Hospital.
(Approval number R2044)

IIL ReSultS.....oovviiiie e

A. Comparison of different principles for D-dimer test
reagents
The correlation between LG-DD and Vidas yielded a re-
gression line, y = 2.298x — 0.453, where r = 0.8524 (95%
confidence interval (CI) 0.7866-0.8990) and p < 0.0001.
The concordance rate between LG-DD and Vidas was
88.7% (66/72 in positive, 20/25 in negative). The Kappa
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coefficient was 0.7074 (95% CI 0.5446348-0.8702268).
B. DVT exclusion diagnostic

Among the 764 patients, 492 had no DVT, 140 had acute
DVT, and 132 had chronic DVT, and the median (range)
D-dimer concentrations in these three categories were
2.30 (0.2-72.5), 8.20 (1.1-50.0), and 1.20 (0.3-83.4), re-
spectively. Using the Kruskal-Wallis rank sum test, we
found significant differences of p < 0.0001 among the
three categories (Figure 1).

Table 1 shows the characteristics of the 764 patients
and D-dimer levels in the no DVT group, acute DVT
group, and chronic DVT group. The male-female ratios
were 324/167, 105/35, and 94/38, respectively, and the
median ages (range) were 64.3 (20-97), 69.6 (24-93),
and 67.9 (30-96) in the no DVT, acute DVT, and chronic
DVT groups, respectively. In this study, there were 586
patients over the age of 55, 171 patients with malignant
tumors, 108 post-operative patients, 11 pregnant pa-
tients, and 474 other patients. Using the Kruskal-Wallis
rank sum test, we found significant differences of p <
0.0125 among the three groups when divided according
to these patient characteristics; however, the number of
pregnant patients was too small to analyze statistically
(Table 1).

Table 2 shows a comparison of the optimal cutoffs and
diagnostic characteristics obtained from ROC curves.
Specificity and positive likelihood ratios were reasonably
high in all patient populations. The diagnostic utility of

Plasma D-dimer levels
(ug/mL)
00 0000 0 %000

No DVT

(n=492)

Acute DVT

D-dimer for acute DVT showed an area under the curve
(AUC) of 0.7277-0.8098 at the optimal cutoff. The pa-
tient-characteristic cutoff derived from diagnostic utility
remained at a high negative predictive value (NPV)
compared with the D-dimer reagent cutoff of 1.1 ug/mL.
The normal range for D-dimer levels is < 1.0 ug/mL.
However, the positive predictive value (PPV) specificity
improved from 21.7-31.8 to 28.1-50.0.

We compared the diagnostic characteristics of the
age-adjusted cutoff and the D-dimer reagent cutoff of
1.1 pg/mL in the patient group, excluding factors that
increase D-dimer such as malignant tumors, surgery, and
pregnancy. As a result of age adjustment, the specificity
increased from 39.7% to 46.9% while the NPV remained
high, and the positive probability ratio (LR+) increased
from 1.659 to 1.828 (Table 3).

Patients who received direct oral anticoagulants and
warfarin included 36 of the 140 patients with acute
DVT and 89 of the 132 patients with chronic DVT. The
D-dimer levels were significantly lower in patients who
received anticoagulation therapy than those in patients
without anticoagulants (acute DVT, p = 0.00025; chronic
DVT, p < 0.0001) (Table 4).

Therefore, we again compared the optimal cutoffs and
diagnostic characteristics from the ROC curves, ex-
cluding patients who received anticoagulant therapy. As
shown in the bottom row of each patient group in Table
2, significant improvements in diagnostic characteristics

Chronic DVT

(n=140) (n=132)

Figure 1 D-dimer levels in patients with and without DVT. The median D-dimer concentration (range) was 2.30 (0.2—
72.5) in the absence of DVT, 8.20 (1.1-50.0) in acute DVT, and 1.20 (0.3-83.4) in chronic DVT. Kruskal-Wal-
lis rank sum test, p < 0.0001. DVT, Deep vein thrombosis.
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and positive likelihood ratios were observed for all pa-
tient groups, while maintaining high NPVs.

TV DiSCUSSION. o oot

The D-dimer test is useful because it can exclude DVT
with high sensitivity . ELISA and latex agglutination
methods are commercially available for measuring D-di-
mer and widely used in clinical laboratories, and the
ELISA test is reported to be significantly more sensitive
than latex agglutination in the DVT exclusion diagno-
sis . LG-DD is a reagent that measures D-dimer using
the latex agglutination method, but the accuracy for low
D-dimer concentrations is the same as that of ELISA ',
A comparison of the two methods using the transforma-
tion formula in the LG-DD package insert? showed a

significant linear correlation.

In this study, 764 patients with venous thrombosis con-
firmed by US-echo were classified into three groups: no
DVT, acute DVT, and chronic DVT. Then, LG-DD D-di-
mer values were compared among the patient groups. Pa-
tients with acute DVT showed significantly higher D-di-
mer levels compared with the no DVT and chronic DVT
groups. This means that an increase in LG-DD D-dimer
levels indicates new and active coagulation/fibrinolysis.
Thus, the LG-DD D-dimer value distinguishes acute
DVT from chronic and negative DVT without a need for
US-echo.

Plasma levels of D-dimer in patients with malignant
tumors increase because of ascites, pleural effusion
retention, and increased coagulation/fibrinolysis ¥ 17,

Table 1 Characteristics of 764 subjects who participated in this study. D-dimer levels. DVT, Deep vein thrombo-
sis; Others, patients with various medical conditions that did not include malignant tumors, recovering
from surgery, or pregnancy.

*not applicable due to the small number of pregnant patients

No DVT Acute DVT Chronic DVT  Pvalue n
Samples with available results, n (%) 492 (64.4%) 140 (18.3%) 132 (17.3%) 764
D-dimer concentration (ug/mL), Mean (SD) 6.2 (9.69) 12.6 (11.05) 4.6 (10.39) <0.0001
Male sex, (F/M) 324/167 105/35 94/38
Age, (Median (range)) 64.3 (20-97)  69.6 (24-93)  67.9 (30-96)
>55,n (%) 358 (61.1%) 119 (20.3%) 109 (18.6%) 586
D-dimer (ug/mL), Mean (SD) 6.4 (9.68) 12.8 (14.41) 12.8 (14.41) <0.0001
<55,n (%) 134 (75.3%) 21 (11.8%) 23 (12.9%)
D-dimer concentration (ug/mL), Mean (SD) 5.6 (9.69) 11.5 (8.63) 1.6 (1.67) <0.0001 178
Malignant tumor, n (%) 104 (60.8%) 41 (24.0%) 26 (15.2%) 171
D-dimer concentration (ug/mL), Mean (SD) 7.5 (11.76) 12.6 (10.23) 4.7 (6.54) <0.0001
Lymphoma, leukemia, n (%) 6 (66.7%) 3 (33.3%) 0 (0.0%) 9
Uterine, ovarian, fallopian tube, n (%) 33 (75.0%) 5 (11.4%) 6 (13.6%) 44
Breast, n (%) 3 (100.0%) 0 (0.0%) 0 (0.0%)
Stomach, n (%) 6 (100.0%) 0 (0.0%) 0 (0.0%)
Gastrointestinal, n (%) 2 (28.6%) 4 (57.1%) 1 (14.3%)
Lung, n (%) 18 (48.6%) 15 (40.5%) 4 (10.8%) 37
Liver, gallbladder, n (%) 7 (77.8%) 1 (11.1%) 1 (11.1%) 9
Pancreatic, n (%) 6 (87.5%) 0 (0.0%) 1 (14.3%)
Brain tumor, glioma, n (%) 3 (25.0%) 4 (33.3%) 5 (41.7%) 12
Prostate, n (%) 5 (62.5%) 2 (25.0%) 1 (12.5%) 8
Multiple, n (%) 2 (16.7%) 5 (41.7%) 5 (41.7%) 12
Other tumors, n (%) 13 (76.5%) 2 (11.8%) 2 (11.8%) 17
Post-operative, n (%) 68 (63.0%) 29 (26.9%) 11 (10.2%) 108
D-dimer concentration (ug/mL), Mean (SD) 12.3 (10.51) 18.7 (11.98) 12.4 (16.07)  0.0152
Pregnant, n (%) 9 (81.8%) 1 (9.1%) 1 (9.1%) 1
D-dimer concentration (ug/mL), Mean (SD) 8.5 (8.36) 3.5 (0.00) 0.9 (0.00) N/A*
Others, n (%) 311 (65.6%) 69 (14.6%) 94 (19.8%) 474
D-dimer concentration (ug/mL), Mean (SD) 4.3 (7.97) 10.2 (10.14) 3.6 (10.07) <0.0001
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Post-operative D-dimer levels are increased by all three
components of the Virchow triad, namely intravascular
vessel wall damage, stasis of flow, and hypercoagulable
status ¥ 1%, Depending on these factors, the optimal cut-
off of D-dimer in DVT exclusion diagnosis varies depend-
ing on the patient population.

Care must be taken in patients with underlying disor-
ders that increase D-dimer levels. The specificity at a
cutoff of 1.1 pg/mL, which is close to the normal range of

D-dimer, was relatively low, reaching 15.4% in the malig-
nant tumor patient group and 4.4% in the post-operative
group. If the cutoff is near the normal range of D-dimer,
the low specificity of exclusion diagnosis can lead to false
positives. In contrast, the specificity of the optimal cutoff
of 3.4 pg/mL for the malignant tumor patient group was
improved to 55.8%, and the specificity at the optimal
cutoff of 16.6 pg/mL for the post-operative group was
significantly improved to 75.0%. However, the sensitivity

Table 2 Clinical performance of D-dimer assays by patient group. NPV, negative predictive value; PPV, positive
predictive value; LR-, negative likelihood ratio; LR+, positive likelihood ratio.

Cutoff Sensitivity Specificity NPV~ PPV LR LR+ AUC
(ug/mL) (%) (%) (%) (%)
All 1.1 100.0 28.9 100.0 28.6 0.000 1.406
2.1 90.7 48.4 94.8 33.3 0.192 1.757 0.7505
Not included anticoagulation therapy 1.1 100.0 28.9 100.0 229 0.000 1.406
4.3 79.8 63.8 93.7 318 0.317 2.204 0.7838
Over 55 years old 1.1 100.0 25.1 100.0  30.8 0.000 1.336
2.1 93.3 45.0 95.3 36.0 0.148 1.696 0.7448
Not included anticoagulation therapy 1.1 100.0 26.0 100.0 25.1 0.000 1.351
3.4 85.6 57.8 94.0 33.5 0.249 2.028 0.7789
Malignant tumor 1.1 100.0 154 100.0 31.8 0.000 1.182
3.4 85.4 55.8 90.6 43.2 0.262 1.930 0.7277
Not included anticoagulation therapy 1.1 100.0 25.1 100.0 254 0.000 1.335
34 85.6 57.3 98.3 383 0.251 2.005 0.7896
Post-operative 1.1 100.0 44 100.0  30.8 0.000 1.046
16.6 58.6 75.0 80.9 50.0 0.552 2.345 0.7867
Not included anticoagulation therapy 1.1 100.0 28.9 100.0 21.7 0.000 1.406
20.3 30.8 93.1 91.5 50.0 0.743 4.464 0.7964
Others 1.1 100.0 39.4 100.0 26.7 0.000 1.605
1.9 88.7 57.4 95.7 321 0.197 2.082 0.787
Not included anticoagulation therapy 1.1 100.0 39.4 100.0 229 0.000  1.650
1.9 92.9 57.4 97.8  28.1 0.124 218  0.8098

Table 3 Clinical performance of D-dimer assays in patients excluding those with malignant tumors, or who were
post-operative, or pregnant (n = 380). NPV, negative predictive value; PPV, positive predictive value;
LR-, negative likelihood ratio; LR+, positive likelihood ratio.

Cutoff Sensitivity  Specificity =~ NPV PPV LR- LR+
1.1 pg/mL 100.0% 39.7% 100.0% 27.1% 0.000 1.659
Age-adjusted

96.9% 46.9% 98.6% 28.9% 0.066 1.826

age (if > 55) x 0.022

Table 4 D-dimer concentration with or without anticoagulants. DVT, deep vein thrombosis.

Acute DVT (n = 140)

Chronic DVT (n = 132)

D-dimer concentration (ug/mL)

D-dimer concentration (ug/mL)

N Mean SD Pvalue N Mean SD P value
Without anticoagulation 104 14.2 11.0 43 8.2 14.3
. . . 0.00025 < 0.0001
With anticoagulation 36 8.1 9.8 89 2.8 7.2
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of the post-operative group was significantly reduced to
58.6%. The cutoff for DVT exclusion diagnosis should
result in high specificity while maintaining high NPV by
employing a value that is appropriate for the given patient
characteristics. It is not enough to just use the maximum
Youden’s index of the ROC curve as a cutoff. Thus, we
must collect data considering the timing of post-operative
D-dimer measurements and select an effective way to
determine an appropriate cutoff.

Aging is also one of the factors that increase D-dimer
levels 7. In this study, an age-adjusted cutoff improved
the specificity and NPV with high sensitivity compared
with the cutoff of 1.1 ug/mL. The age-adjusted cutoff,
calculated by multiplying age by 0.022, is simple and ef-
fective in eliminating the effects of age-related increases
in D-dimer values.

Moreover, D-dimer values rapidly decrease with the
administration of an anticoagulant. In our study, antico-
agulants were administered to patients with acute DVT,
and in most of these patients, D-dimer levels decreased
rapidly and thrombus volume decreased or disappeared
(data not shown). In addition, both acute DVT patients
and chronic DVT patients had significantly lower D-di-
mer values than patients who did not use anticoagulants.
The optimal cutoff value was slightly higher, and diagnos-
tic accuracy was improved. Therefore, to diagnose DVT
more accurately, it is necessary to evaluate D-dimer val-
ues before giving anticoagulants.

V. ConcluSion ......ooovuiiiiiiiii i

D-dimer levels are useful in DVT exclusion diagnosis,
as measured by LG-DD. For more effective diagnoses
of DVT exclusion, it is necessary to set an age-adjusted
cutoff and higher cutoffs for post-operative patients and
patients with malignant tumors.
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