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Abstract

Introduction: The reference interval for D-dimer is increasing with age, making a fixed cut-off value for venous thromboembolism (VTE) less appropriate, as the
number of VTE increases with age. We aimed to test whether a raised (0.9 FEU/L) or age-related (0.01*age FEU/L in age >50 years) D-dimer cut-off limit safely
excludes deep venous thrombosis (DVT) after a risk estimation using Wells score in a population admitted to an emergency department with a suspicion of (DVT).
D-dimer should be used to rule out DVT in groups with intermediate or low pre-test probability of DV'T using the Wells score.

Method: We retrospectively validated 3,499 patients admitted to two separately emergency departments from July 1,2013 to December 31,2015 for possible DVT.
The patient records were evaluated in all patients with a D-dimer 20.5 FEU/L, and data were obtained regarding Wells scores and ultrasonography (US). D-dimers
were measured by HemosIL D-dimer.

Result: Slightly more women were included; however, slightly more men had a positive US. In the total population; 6 out of 42 (14%) with a D-dimer between 0.5 and
0.9 FEU/L had an US indicative of DVT in the group with low Wells score and 19 out of 62 (31%) in the group with intermediate Wells score. For the age-related
cut-off, the figures were 3 of 20 (15%) in the group with low Wells score and 11 out of 36 (31%) in the group with intermediate Wells score.

Conclusion: This retrospective study does not support that a higher cut-off level for D-dimer in the groups with low or intermediate Wells scores, are safe to exclude

the diagnosis of DVT in an emergency department.

Abbreviations: VTE-Venous Thromboembolism; DVT-Deep Vein
Thrombosis; FEU-Fibrinogen Equivalent Unit; US- Ultrasonography;
PE- pulmonary embolism.

Background

The diagnosis of deep vein thrombosis (DVT) isbased on a sequential
strategy involving a clinical pre-test probability assessment with the use
of Wells scores [1,2], D-dimer testing, and if necessary, a compression
ultrasonography (US) [3,4]. D-dimer is a rather unspecific fibrin
related degradation marker, being elevated in many clinical situations
(e.g., infection, inflammation, malignancy, postsurgical status, and
pregnancy) and whenever there is acute thrombus in the vasculature
[4]. Many D-dimer tests are available; however, external quality
assessment programmes in Europe have shown poor comparability of
results between methods, reflecting poor standardization of these tests
[5,6]. The specificity of the D-dimer test to rule out DVT have been
shown to be strongly dependent on the pre-test clinical probability of
DVT [7]. Thus D-dimer should optimally be used to rule out DVT in
the group with intermediate or low pre-test probability of DVT using
the Wells score [1,8,9] .

The most commonly used cut-off for the exclusion of venous
thromboembolism (VTE) is a D-dimer value of 0.5 FEU/L [10]. Since
D-dimer increases with age [11,12], D-dimer is less useful for excluding
VTE in the elderly. Furthermore, the incidence of VTE increases
markedly by age, with an increase in the hazard ratio of 1.69 per 10-year
increase in age [13]. These two facts question the suitability of the cut-
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off at 0.5 FEU/L in an ageing population. To increase the effectiveness
of D-dimer to exclude the diagnosis of VTE in older patients, several
studies have suggested age-dependent cut-off limits [14]. Harper et
al. proposed a cut-off value of 500 pg/L or 0.5 FEU/L in patients <60
years and 1,000 ug/L or 1.0 FEU/L for the elderly [11]. Haas et al. [15]
suggested a firm cut-off limit of 750 pg/L or 0.75 FEU/L in patients
60+ years. Years and Raviv [16] suggested that the cut-off limit should
be increased to 900 pg/L or 0.9 FEU/L in all age groups. Douma et al.
proposed a dynamic limit (patient's age * 10) ug/L or (patient's age *
0.01) FEU/L at 50+ year [17,18].

Several studies recommend the use of the age-adjusted D-dimer cut-
off in the diagnostic strategy for DVT and find that the dynamic limit
suggested by Douma (patient's age * 0.01) FEU/L is just as safe as the
standard D-dimer cut-off value to rule out DVT in the elderly [19,20].
In this study, we aimed to test whether a raised (0.9 FEU/L) limit in
all age groups or the age-related D-dimer ((patient's age * 0.01) FEU/L
at 50+ year) cut-off limit in combination with the clinical probability
test (Wells score); safely exclude DVT in a population admitted to the
hospital with a suspicion of DVT.
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Material and method
Patient population and data collection

We retrospectively evaluated all patients above 18 years of age for
possible DVT who were referred to the Emergency Department at
Amager or Hvidovre Hospital between January 1, 2013 and December
31, 2015. Both hospitals are situated in the Capital Region of Denmark.
Hvidovre hospital has more than 60,000 admissions per year and
Amager Hospital has approximately 30,000 admissions per year.
Together, they provide healthcare sevices for approximately 500,000
citizens.

All admission diagnoses are classified according to the Danish
version of the International Classification of Diseases, Tenth revision
(ICD10). In this study, we included all patients with one of the
following diagnosis: pain in limb, hand, foot, fingers and toes (DM
796), phlebitis and thrombophlebitis of other and unspecified deep
vessels of lower extremities (DI 802), phlebitis and thrombophlebitis of
lower extremities, unspecified (DI 803), phlebitis and thrombophlebitis
of other sites (DI 808), and phlebitis and thrombophlebitis of superficial
vessels of lower extremities (DI 800). Recorded information includes
the 10-digit Civil Personal Registration number (CPR) unique to every
Danish resident as well as the dates of admission and discharge. The
CPR number was used to link information on all patients older than
18 years between the different registries. Data regarding D-dimers
were drawn from the Laboratory Information Management System
(LABKA) that is common in these two hospitals. The D-dimer had to
be measured within 24 hours after admission. Only the first admission
was included in patients who had several admissions and only patients
with a suspected DVT in the lower limbs were included. The patient
records were evaluated in all patients with a D-dimer 20.5 FEU/L, and
data were obtained regarding Wells score and ultrasonography (US).
Only the first ultrasonography was recorded. Pregnant women were
excluded from our analysis.

Ultrasonography

The ultra-sonographic duplex lower-limb compression test was
performed with the Philips XD11XE system using a linear transducer
according to the standard protocol which was a whole leg ultrasound.
A positive test indicated a diagnosis of DVT. Inconclusive tests were
referred to as positive. A distinction between proximal and distal DVT
was not made.

D-dimer measurement

D-dimerswere measured by HemosIL D-dimer HS (Instrumentation
Laboratory, U.S.A.) on an ACL Top 500 (Instrumentation Laboratory,
U.S.A.) in both laboratories. The intermediary imprecision was 4.6% at
0.71 FEU/L and 3.9% at 1.5 FEU/L during the testing period.

Wells score

We used the simplified Wells score to categorize patients with a low,
intermediate or high DVT probability [4]. The Wells score documented
in the patient record was noted. In patients for whom the Wells score
was not documented, the score was retrospectively calculated using
data available from the admission notes [1,21].

Statistics

The difference in the proportion of positive US in the two sexes was
tested by the two-sample test of proportion. StataSE 13 was used for the
statistical calculations and the graphical presentation.
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Ethics

The study was approved by the Danish Data Protection Agency
(number: 2012-58-0004; AHH-2015-094; I-Suite number: 04194).
Furthermore The Danish Health authority gave permission to evaluate
the records of the included patients (j.number: 3-3013-1362/1).
According to Danish law, epidemiological studies do not need approval
by an Ethics Committee.

Result

The descriptive data of the study is shown in Table 1. In total, 9
subjects (7 males and 2 females) did not have a Wells score, and data in
the records were not sufficient to determine a score. It is recognizable
that more females than males were referred to the emergency
departments with the chosen diagnoses. Females tended to be a little
older at referral. However, the distribution changes as an equal number
of males and females had a D-dimer measurement and an US. The sex
distribution among positive US deviated from the expected, with a
significant higher proportion of positive US among males (p<0.001).

Table 2 shows the distribution of a positive and a negative US
divided in Wells score low, intermediate and in a combination of the
two scores. According to the sequential strategy, almost all subjects in
our study with a Wells score of low or intermediate risk and a D-dimer
20.5 FEU/L had a diagnostic US performed. The percentage of false
negatives (D-dimer below the cut-off but a positive US) are given in
Table 2. There seem to be more false negatives in the group with an
intermediate Wells score compared to a low Wells score. However, the
percentages of false negatives were quite high — between 14 and 31%.
Figure 1 shows the distribution graphically in the combined Wells
scores low and intermediate.

Table 1. Descriptive data from the total population

Males Females Total

(N=1,485) (N=2,014) @ (N=3,499)
Total population
Age mean (median) 52.6 (53) 55.3 (56) 54.2 (54)
Age range 18 -98 18-103 18-103
Individuals with a D-dimer measurement
Numbers (% of total) 446 (30.0) = 563 (28.0) | 1,009 (28.8)
Age (median) 59 (58.5) 59(59.2) 59 (58.9)
Age range 19 - 98 20-101 19 - 101
Individuals with a D-dimer measurement and an ultrasonography
Numbers (% of total) 256 (17.2) 252 (12.5) 508 (14.5)
Age (median) 60.0 (60) 65.0 (71) 62.5 (65)
Age range 19 -98 20-101 19-101
Positive US; N (% of total) 168 (11.3) 115(5.7) 283 (8.1)
Wells score low; N (% of Wells) 54 (21.7) 56 (22.4) 110 (22.0)
Wells score intermediate; N (% of Wells) 113 (45.4) 135 (54.0) 248 (49.7)
Wells score high; N (% of Wells) 82 (32.9) 59 (23.6) 141 (28.3)

Table 2. Distribution of positive and negative ultrasonographies in the area between the
current cut-off at 0.5 FEU/L and the two different cut-offs (0.9 FEU/L and the age-related
cut-off) in Wells score low, intermediate (IM) and the sum of the two groups

Cut-off 0.5> & <0.9 FEU/L Age related cut-off!
Wells score Low ™M Low+IM Low M Low+IM
Total US (N) 42 62 104 20 36 56
Positive US? (%) | 6 (14%) | 19 (31%) | 25 (24%) | 3 (15%) | 11 (31%) 14 (25%)
Negative US 36 43 79 17 25 42

'Age-related cut-off: 0.01*age is only calculated if age is above 50.
2An ultrasonography described as inconclusive was considered positive. The numbers are
the positive between 0.5 FEU/L and the cut-off.
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Figure 1. Distribution of D-dimers in the group with ultrasonography and Wells scores low
and intermediate

D-dimer values are truncated at 2 FEU/L. The 3 different cut-off levels are shown. Dots
present negative and X's positive ultrasonography

Discussion

This study investigated whether the widely used D-dimer cut-off
value at 0.5 FEU/L could be raised in all age groups or alternatively
increased as a function of age and still safely excludes DVT in the
elderly. Slightly more women were included in our study; however,
slightly more men had a positive US. Women were marginally older
compared to males. This difference in age distributions between the
genders could partly explain the higher admission rate among women
but does not explain the apparently higher proportion of DVT among
those with an US in males. However, it is known that sex-specific
differences for VTE exist, with a higher risk in women during their
fertile life [22] and a higher risk in men at older ages [23]. Thus, our
findings are in accordance with previous studies. The sex distribution
in the admitted population was probably affected by the fact that the
selected inclusion diagnoses were not specific for DV'T, making the
difference less relevant.

Previous studies have shown that reference intervals for D-dimers
are age-dependent with a marked increase by age [12], and establishing
a fixed cut-off value is less appropriate, as the amount of DVT increases
with age [24]. It has been shown that the number of healthy individuals
with a D-dimer above 0.5 FEU/L easily can exceed 50% in a population
above 70 years [12]. An increase in the D-dimer cut-off level for older
patients suspected of a DVT could lead to a reduction in admission
rates, use of antithrombotic medicine and radiological investigations.
Since pulmonary embolism (PE), in most cases, is the consequence of
a DVT, it is essential to identify subjects with a DVT [9]. However, our
study showed that the two examined cut-off values falsely reject DVT
in a fairly high percentage of individuals, even in the low risk group of
patients defined by the Wells score.

Finding that the age-adjusted cut-off suggested by Douma [17,18],
does have a proportion of false positives up to 31% is quite surprising,
as a previous study showed that the age-adjusted D-dimer substantially
increases the number of patients above 50 years in whom PE can be
safely excluded [25]. This has also been revealed to be the case in cancer
patients [26,27]. Furthermore, one study indicated that the cut-off
level could be raised to age*0.025 FEU/L (age*25 pg/L) in the lowest
probability group (Wells low risk score) without jeopardizing safety
in diagnosing DVT [28]. One study compared five different D-dimer
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reagents and the application of an age-adjusted cut-oft for the diagnosis
of VTE in emergency departments and found that the age-adjusted
method was cost-effective without significantly increasing the number
of false negatives [6]. This was also perceived for HemosIL D-dimers,
which was the test used in our study. The conflicting results emphasizes
that care should be taken before changing D-dimer thresholds. Every
hospital has to evaluate the possible consequences before implementing
the change. There is a poor comparability between the different D-dimer
assays [5,6], and care should be taken in the case of a change in D-dimer
analysis.

One previous study compared three different D-dimer cut-off
strategies in diagnosing VTE; one with a general increase in cut-off,
the age-adjusted cut-off suggested by Douma also investigated in this
study and a reverse age-adjusted cut-off [29]. They found no support
for the use of a progressively higher D-dimer level to exclude DVT
with increasing age; however, their study suggested that the D-dimer
threshold could be generally increased in all age groups without negative
consequences. This is contrary to our findings that an increase in cut-
off provides more false negatives. One reason for this discrepancy could
be that the study by Lapner was restricted to outpatients and had a fairly
low frequency of DVT at 4.2%, however the present study focused on
admitted patients with a frequency of positive US at 8.1% at the first
radiologic examination [29].

The pre-test clinical probability measurement with the Wells score
has been widely investigated and found to be helpful in the diagnosis of
proximal deep vein thrombosis of the lower limb [1]. Wells scores were
proven to have a fairly high interobserver agreement [30]. However,
studies have questioned whether Wells is the best measurement to make
a pre-test clinical estimation, and they revealed that empirical clinical
estimation based on the clinician’s experience could be superior [30].
Furthermore, the value of Wells scores seemed to be low in isolated
distal DVT [31]. Our study included both proximal and distal DVT,
which could make the Wells scores less useful.

The present work has several limitations. Our study was limited by
its retrospective nature, relying on the accuracy of notes written at the
time of consultation. Secondly, as this is a retrospective study, focus was
not on optimizing the Wells scoring or the radiological examinations.
The Wells score, and radiological examinations were made by different
clinicians and might have had very large interindividual variation.
We only used the first US although the recommendations are, that a
negative US should be repeated, if D-dimer is positive. However, in the
case of more DVT after a second US, our conclusion would have been
even stronger. Finally, we did not distinguish between proximal and
distal DVT.

Conclusion

In conclusion, this retrospective study does not support that higher
cut-off levels for D-dimer, in the group with low or intermediate Wells
scores are safe to exclude the diagnosis of DVT in the elderly admitted
to an emergency department.
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