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Abstract: D-dimer testing in combination with clinical assessment is commonly used to diagnose
suspected DVT and pulmonary embolism. However, as D-dimer levels are physiologically higher
in elderly patients, this test loses clinical specificity in the setting of geriatric patients. The aim of
our study was to investigate the changes in D-dimer levels with age and the specificity of the D-
dimer test in the diagnosis of pulmonary embolism. 1617 elderly patients consecutively admitted to
the Geriatric Emergency Care Department of the INRCA-IRCCS hospital between January 2013 and
February 2014 and for whom D-dimer results were available were included. The D-dimer
immunoturbidimetric assay was performed on a cs-2100i Sysmex Siemens using a conventional cut-
off level of 500 pg/L. The median D-dimer level was 1200 [550-2990] ug/L FEU, and the percentage
of patients with D-dimer levels below the conventional cut-off was only 22.1%. As expected, there
was a significant age-related increase in D-dimer, even when sex was considered, and a significant
decrease in the specificity of D-dimer assay with age. The most established use of D-dimer testing
is in the diagnosis of deep vein thrombosis or pulmonary embolism. Our study confirms the need
for an age-adjusted cut-off for D-dimer testing in geriatric patients.

Keywords: D-dimer; pulmonary embolism; specificity; aging

1. Introduction

Venous thromboembolism (VTE) is a relatively common condition that includes deep vein
thrombosis (DVT) and pulmonary embolism (PE) or both. The variety of symptoms and findings can
mask the clinical signs and cause the condition to go unnoticed. Particularly in the elderly, VTE is
difficult to diagnose because of the presence of comorbidities that can mask it and sometimes lead to
a fatal outcome [1-4]. Due to the difficulty of diagnosis for PE, few data on the epidemiology of this
disease are currently available. In Italy, the incidence of PE ranges from 30 to 80 new cases per year
per 100000 people and the age-standardized annual PE- related mortality rates are 2.8/100000 women
and 2.5/100000 men [5,6]. Mostly, the majority of preventable deaths from DVT and PE are due to
missed or delayed diagnosis than to failure of treatment [7,8]. Further, about 30% of patients with
DVT and/or PE will develop a recurrence within 10 years. Because the specificity of clinical and
physical examination in the diagnosis is low, and the risk of overdiagnosis/underdiagnosis is high, it
is necessary to use diagnostic tests to support the examination. The main tests used for the diagnosis
are arterial blood gas, D-dimer (DD) test, electrocardiogram, chest radiography, echocardiography,
computed tomography angiography (CTA), pulmonary angiography, magnetic resonance imaging,
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and ventilation perfusion scintigraphy. The use of D-dimer measurement as biochemical-screening
test to exclude suspected VTE is well documented [9-12]. Moreover, abnormal D-dimer after
discontinuation of anticoagulation has demonstrated to be associated with high risk of recurrence
[13,14], thus adding new clinical value for this measurement. The introduction of algorithms that
combine clinical suspicion, D-dimer testing and diagnostic imaging has led to a more accurate
approach to diagnosing VTE [15,16]. D-dimer is the degradation product of fibrin and it possesses a
high sensitivity (about 99%) for DVT and PE, but, unfortunately, a low specificity (between 10 and
40%), as it is very high also in other situations, like inflammation, infections, cancer, necrosis, surgery,
immobilization, disseminated intravascular coagulation (DIC), burns, stroke, Congestive Heart
Failure (CHF), liver disease, kidney disease and not last aging. Conversely, it is estimated that, with
a cut-off value of 500 pg/L FEU, DD has 100% negative predictive value. Therefore, in patients with
low clinical probability, the assessment of DD could be useful to rule out the presence of pulmonary
embolism [17,18]. If this claim is applicable to a young patient, the same cannot be said in the case of
very old patients, because in this case a similar cut-off level is surely too low. The challenge is that
DD level increases with age and its specificity for VTE strongly decreases in elderly patients due to
the presence of comorbidities. This leads to an increase in false positives and unnecessary testing for
patients, resulting in increased costs and burdensome testing. Although the frequency of VTE is
higher in hospitalized patients due to the larger prevalence of prothrombotic risk factors [19,20], VTE
may also occur in outpatients; thus, the Emergency Department (ED) becomes the ordinary health-
care setting where these patients are referred to. The diagnosis of PE in elderly patients is particularly
difficult, because they usually presented almost all the secondary risk factors for PE, i.e., obesity,
hypertension, smoking, cancer, ictus, immobilization etc. In this type of patients, the concomitant
presence of all these factors makes the diagnosis much more difficult and challenging for physicians.
As D-dimer levels are physiologically higher in elderly patients, D-dimer test loses clinical specificity.
Alternatively to the classical cut-off level of 500 ug/L FEU, to improve the clinical specificity of D-
dimer, other cut-off levels have been proposed: i.e an age adjusted DD cut-off level [ADC = (patient’s
age x 0.01)ug/ml] [21,22], a fixed cut-off value of 750 pg/L in patients aged 60 years and older who
were referred to secondary care with symptoms of DVT [23] and a cut-off value of 1000 pg/L for those
aged >60 years, using the Vidas D-dimer assay [24,25]. It became challenging to perform the right
diagnosis in patients who were admitted to the Geriatric Emergency Care Department (GECD) with
suspected VTE and who had concomitantly a wide spectrum of comorbidities associated with
increased DD levels. An appropriate pre-test clinical probability stratification of VTE risk becomes
essential, using universally validated algorithms [16]. Along with a clinical evaluation and
radiographic examinations (ECG, chest ray, EGA), DD could be a very useful test in the diagnosis of
VTE. The aim of our study was to investigate in a community of very old people how DD levels
change during aging and if a different cut-off level of DD could be proposed for very old people
suspected to have PE.

2. Methods
2.1. Study Design and D-Dimer Assay

This retrospective study was composed of one-thousand-and-six-hundreds-seventeen patients
(962 females and 655 males), with an age range of 21-103 years, and used administrative data from
the Geriatric Emergency Care Department (GECD) of the INRCA hospital over approximately 12
months (between January 2013 and February 2014) and for which results of D-dimer test were
available.

Patients with a negative test result and a low pretest clinical probability (PTP), according to
Wells rules [15], underwent no further diagnostic testing and were not treated with anticoagulants.
All patients with a positive D-dimer test result or a high PTP underwent diagnostic imaging.

For PE, on the basis of ventilation-perfusion lung scan showing a high-probability pattern or
CTPA or angiography showing segmental or more proximal intraluminal defects. 176 patients
suspected to have pulmonary embolism underwent computed tomography angiography (CTA)
and/or to scintigraphy. Of these 176 patients, only 42 (2.6%) were effectively affected.
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Plasma samples were collected at the initial visit and testing was performed immediately using
the D-dimer assay available. The DD immunoturbidimetric assay was performed on cs-2100i Sysmex
Siemens, which has been demonstrated to reach a sensitivity of 98,8%, a specificity of 34,2% and a
negative predictive value of 98,7, using a conventional cut-off level of 500 pug/L FEU. A value of less
than 500 pg/L FEU was regarded as a negative result.

2.2. Statistical Analyses

Patients were analysed in total and grouped into six age categories: <=50, 51-60, 61-70, 71-80, 81-
90 and >=91 years of age. Baseline patient characteristics were described using the number
(percentage) for categorical variables and the median [IQR] according to distribution for quantitative
non-normal variables. To assess the normal distribution of the data, a Kolmogorov-Smirnov test was
performed. Chi square test was used to determine differences between proportions of categorical
variables. The sensitivity, specificity and predictive value of DD measurement were analysed in the
total sample and in each age category. Receiver operating characteristic (ROC) curves analysis and
areas under the curve (AUC) were generated for patients in the total and six age groups. The ROC
curve is used to calculate the AUC as a measure of the diagnostic accuracy. To test the differences
between groups for non-normal variables the non-parametric Kruskal Wallis Test was used. All tests
were two-sided, and significance was set at p<0.05. All the statistical analyses were performed using
IBM SPSS (IBM Corp, Armonk, NY, USA) version 27.0.

3. Results
3.1. General Characteristics of the Patients

Demographic and anamnestic data, biochemical and hematological variables of the studied
population were summarized in Table 1. Enrolled patients had a median age of 85 [IQR, 80-89], with
females significantly older than males. The median level [IQR] of D-dimer was 1200 [550-2990] ug/L
FEU with not significantly difference in levels between males and females. This D-dimer median level
was more than double of the conventional cut-off level (500 ug/L FEU). Indeed, the percentage of
patients with D-dimer concentrations below the above-mentioned conventional cut-off value was
only 22,1% (358 patients, data not shown). As reported in Table 1, only 42 patients (2.6%) out of 1617
were effectively affected by pulmonary embolism, with no difference in the proportion by gender.
Among the other biochemical parameters considered, only hemoglobin, platelets, C-reactive protein,
BUN and creatinine resulted statistically different between males and females.

Table 1. Description of clinical and biochemical characteristics of the patients.

All Males Females P
n=1617 n=655 n=962
Age (yrs) 85 [80-89] 84 [80-88] 85 [81-90] <0.01
D-dimer (ug/L FEU) 1200 [550-2990] 1180 [510-3160] | 1205 [580-2870] | 0.765
Pulmonary embolism 42/1575 14/641 28/934 0.337
(Yes/No)
WBC x 103/uL 8.4 [6.6-11.2] 8.4 [6.6-11.2] 8.40 [6.60- 0.677
11.29]
RBC x 106/uL 4.21 [3.76-4.60] 4.21 [3.74-4.65] 4.20 [3.77-4.57] | 0.559
HgB (g/dL) 12.5[11.1-13.7] 12.9[11.2-14.1] 12.3 [11.1-13.4] | <0.01
Platelets x 103/uL 215.0 [171.0- 198.0 [159.5- 228 [182-281] | <0.01
268.7] 242.0]
Sodium (mmol/L) 137 [134-139] 136 [134-139] 137 [133-139] | 0.750



https://doi.org/10.20944/preprints202405.1252.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 May 2024 d0i:10.20944/preprints202405.1252.v1

4
Potassium (mmol/L) 40 [3.7-4.4] 4.1[3.8-4.4] 40[3.7-44] | 0.056
C-reactive protein (mg/dL) 2.91[0.59-839] | 3.61[0.81-8.77] | 2.05[0.50-8.13] | 0.047
BUN (mg/dL) 48 [36-75] 53 [38-80] 463571 | <0.01
Creatinine (mg/dL) 1.1[0.8-1.5] 1.2[0.9-1.7] 1.0[0.8-1.3] | <0.01
eGFR (mL/min) 54 [36-75] 55 [36-76] 53[35-73] | 0.423

Data are median [IQR] for continuous non normal variables; eGFR: estimated Glomerular Filtration Rate;
Kruskal Wallis Test per le differenze di significativita tra maschi e femmine; BUN= blood urea nitrogen.

3.2. D-Dimer Levels during Aging

To deeply investigate the relationship between D-dimer and age, we divided our sample in six
age classes (<=50, 51-60, 61-70, 71-80, 81-90 and >=91 years of age). The distribution of our patients,
also considering sex, in these six age classes was reported in Table 2. The majority of the recruited
sample belong to the last three age classes and the 81-90 years class was the most numerous. A
statistically significant higher presence of females was found in the last class, i.e., >= 91 years of age
(p<0.05). This was not surprisingly since it is well known that extremely long-lived people are
represented predominantly by women [26]. It is well known that DD concentration rises with age;
so, we investigated, in our sample, the relationship between age and DD assays. A significant age-
related increase of D-dimer mean values was found (p<0.01), also when gender was considered

(Figure 1).
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Figure 1. D-dimer levels during aging between sexes.
Table 2. Distribution of patients, also considering sex, in six age classes.
Age classes All Males Females
n=1617 n=655 n=962

<=50 years n (%) 30 (1.9) 14 (2.1) 16 (1.7)
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51-60 years n (%) 29 (1.8) 12 (1.8) 17 (1.8)
61-70 years n (%) 85 (5.3) 47 (7.2) 38 (4.0)
71-80 years n (%) 277 (17.1) 128 (19.5) 149 (15.5)
81-90 years n (%) 921 (57) 374 (57.1) 547 (56.9)
>=91 years n (%) 275 (17) 80 (12.2)* 195 (20.3)*

*The distribution is statistically significant different.

3.3. D-Dimer Levels and Pulmonary Embolism

Table 3 reported the D-dimer median values among patients with and without pulmonary
embolisms, also considering gender. For all the cases considered, patients with pulmonary embolism
showed significantly higher median levels of D-dimer in respect to patients without PE (p<0.01). We
also investigated the possible correlations between D-dimer and some biochemical variables
considered in this study (i.e, WBC, CRP and eGFR). The results were reported in Table 4.
Significantly higher median D-dimer levels were found for patients with white blood cells higher
than 9000, C-reactive protein levels above 0.5 mg/dL and for patients with an eGFR<=30 ml/min.

Table 3. D-dimer values and pulmonary embolism.

All Males Females

median [IQR] median [IQR] median [IQR]

Pulmonary embolism | 8910 [4195-15817.5] | 14970 [6440-21612.5] | 5830 [4142.5-13202.5]

(yes)
Pulmonary embolism 1160 [550-2740] 1160 [505-2975] 1180 [560-2615]
(no)
P <0.01 <0.01 <0.01

Table 4. Correlation of D-dimer levels and WBC, PCR and eGFR.

D-dimer levels
median [IQR] P
WBC<=9 950 [450-2110] <0.01
WBC>9 1700 [740-4050]
PCR<=0.5 800 [460-1990] <0.01
PCR> 0.5 2030 [950-4592.5]
eGFR<= 30 2030 [930-4300] <0.01
eGFR> 30 1090 [510-2550]
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3.4. Sensitivity and Specificity of D-Dimer Assay at Different Cut-Offs

To determine the sensitivity and the specificity of D-dimer testing in the whole sample, we
considered three cut-off levels: the conventional cut-off level (500 pg/L FEU), the ADC cut-off level
and a proposed cut-off level of 1050 pg/L FEU, higher in respect to the conventional (500 ug/L FEU),
because took into consideration the increase of D-dimer testing with age (Table 5, Figures 2 and 3).
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Figure 2. Receiver operator curve (ROC) of D-dimer results and pulmonary embolism in all patients.
The point at which the cut-off value equals 500 pg/L FEU and 1050 ug/L FEU are marked by arrow.

A ¢ ]]

1050 500

B T 1

1050 500

08

AUC=0.964 02 AUC=0.956

0p
00 02 04 08 o8 10 0g,

00 0z ) 08 o8 10
1-Specificity 1-Specificity

b | I

1050 0

i 7

i 7

A
AUC—0.864 & // AUC=0.851

ool .
0o 02 04 08 08 10 oo 02 04 o8 [ 10

1 - Specificity 1 - Specificity

Figure 3. Receiver operator curves (ROC) of D-dimer results for age groups (A) 61-70 years, (B) 71-80
years, (C) 81-90 years, and (D) >= 91 years. The point at which the cut-off value equals 500 pg/L FEU
and 1050 pg/L FEU are marked by arrow.

The diagnostic performance of D dimer was then assessed using ROC curve analysis. As shown
in Figure 2, with a fixed value of 100% of sensitivity, for all the patients, an increase from about 23%
to 46% in the specificity using the proposed cut-off level of 1050 ug/L FEU instead of the conventional
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cut-off of 500 pug/L FEU was observed. This implied the recovery of 377 patients considered as false
positives for PE.

The specificity was calculated for the last four age groups (61-70, 71-80, 81-90, and >=91 years of
age). A marked decrease in specificity can be observed as age increases for all the three cut-offs
considered, while maintaining a 100% sensitivity (Table 5).

Table 5. Sensitivity and specificity of D-dimer test in the six age classes.

Age Patients | Sensitivity | Specificity Specificity (%) Specificity
classes (n of (%) (%) Cut-off ADC= (patient’s (%)
PE) Cut-off agex0.01) ug/L FEU Cut-off
500 pg/L (1050 pg/L
FEU FEU)

<=50 30 (0) - - - -
years
51-60 29 (0) - - - -
years
61-70 85 (1) 100.0 65.5 72.6 76.2
years
71-80 277 (9) 100.0 33.6 51.5 64.2
years
81-90 921 (30) 100.0 16.3 34.0 40.6
years
>=91 | 275(2) 100.0 9.9 28.2 30.4

years

PE=Pulmonary embolism.

In particular, for a conventional cut-off level of 500 ug/L FEU, the assay specificity was 65,5% in
those aged 61-70 years old, but fell to 9,9% in patients over 90 years old.

Interestingly, a substantial increase in the specificity in the last four age classes with an ADC
cut-off level of D-dimer (from 72.6% of the 61-70 years class to 28.2% of the over 90 years) and/or with
a proposed 1050 pg/L FEU cut-off level (from 76.2% of the 61-70 years class to 30.4% of the over 90
years) was observed (Table 5). Hence, the use of a cut-off value of 1050 ug/L FEU, instead of the
conventional (500 ug/L FEU) and/or the age-adjusted cut-off value, demonstrated an increase in the
efficiency without a diminution of safety (i.e., the risk to have false negative patients).
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In Figure 3, the ROC curves analysis of D dimer demonstrated that a cut-off of 1050 ug/L FEU
showed a better specificity in respect to a 500 ug/L FEU cut off in all the groups considered, always
assuming a 100% of sensitivity.

4. Discussion

The conventional cut-off of 500 pg/L FEU for D-dimer testing has been consistently used for
ruled out the presence of DVT and/or PE. Several decision-making reference levels have been
proposed to exclude this pathology; while this discussion can be applied in young subjects, the issue
becomes more complicated and the boundary much less clear in the case of very elderly subjects
where an elevated D-dimer level can be found even in subjects without deep vein thrombosis or
pulmonary embolism. The issue of the reduction in specificity of the D-dimer test for the exclusion
of DVT or PE as patients’age depends on the complex aging phenotype, characterized by increased
proinflammatory and procoagulant processes, as well as by increased biomarkers of organ failure
[27]. These biomarkers, i.e., troponin or NT-proBNP, that are used in clinical diagnostics, in the
setting of geriatric patients could have high sensitivity but poor specificity. DD is often elevated in
elderly subjects, presumably in relation to lower mobility and/or atherosclerotic processes.
Anticoagulant therapy, either with heparin or oral anticoagulants, reduces fibrin formation and
deposition and thus D-dimer levels. In fact, in our case, using the conventional cut-off of 500 pg/L
FEU, the proportion of patients with abnormal DD findings is 78%. Clearly, this percentage is too
high and it is not plausible that all of these patients have DVT and/or PE. Likely, these high values of
DD depend on other causes rather than DVT and/or PE. Frequently, only a minority of patients with
a positive DD (>500 pg/L FEU) are finally diagnosed with DVT and PE. In a progressively aging
population, this problem is not negligible, and its resolution would greatly reduce the number of
false positives and the number of costly invasive and often unnecessary diagnostic investigations for
the patient. In addition, if we apply the ADC formula, the percentage of patients with a pathological
level of DD does not change significantly. The use of differential thresholds according to patient’s
age can significantly improve the overall performance of the examination, and this approach
therefore seems preferable in clinical practice because it increases the proportion of elderly patients
in whom a VTE can be definitively ruled out (decrease of false positives). In our case, the 377 false-
positive patients (with a DD value between 500 and 1050) were “unnecessarily” subjected to a
complex and costly diagnostic procedure that could have been avoided with the use of a higher
threshold. As also demonstrated in this paper, D dimer levels increase significantly with age,
independently of sex and the presence of PE. Our results are in line with several papers that have
shown an increase in D-dimer with age, not only for events related to venous thromboembolism, but
also for different reasons (infections, neoplasms, immobilization, DIC, stroke, heart failure, renal
disease, thrombolytic therapy etc...) [21-25]. The peculiarity of our study is that only few papers have
considered DD in a such elderly patient population (74% of patients are over 80 years of age)
[22,28,29]. In a paper of Righini et al., the authors sought to understand the influence of age in the
cost-effectiveness of therapeutic strategies for PE diagnosis and have finalized that its cost-saving
utilize DD only in patients younger than 80 years old. The same authors, however, considered using
DD in patients older than 80 years when the risk of imaging (radiation/contrast exposure with CTPA)
is high due to impaired renal function [30]. As reported in the paper of Haas FJ et al, it is
recommended to raise the cut-off value with the increasing of age, when the discrepancy between
specificity and AUC of the ROC curve is too high (i.e., low specificity vs high AUC) [23]. Accordingly,
we have proposed a higher cut-off for elderly patients (1050 pg/L FEU) which allows us to decrease
the number of false positives. Finding an appropriate DD cut-off for the elderly population is urgently
needed, as avoiding unnecessary and often invasive testing in frail individuals remains an unmet
clinical need.

5. Conclusions

Our study confirmed that D dimer level increases with age in both sexes, regardless of the real
presence of PE, and it confirmed that the specificity of this test decreases sharply with age. The
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proposed cut-off of 1050 pg/L FEU certainly increases the specificity of the DD test in respect to the
conventional cut-off of 500 pg/L FEU (30.4 vs 9.9 in patients older than 90 years of age); however, it
still remains a low specificity that raises doubts about the real diagnostic usefulness of DD assay in
very elderly patients. Surely, with elderly patients at low risk for VTE on the basis of clinical signs
and symptoms, the risk of having DD results above the cut-off remaining still high and DD became
a potential confounding factor.

Limitations

Our study presents some limitations; first, our patients are all patients referred to a Geriatric
Emergency Care Department (GECD) suspected to have a pulmonary embolism and not inpatients
who developed PE during a hospital stay. Further, we do not have any information about follow-up
and so we do not know if patients with high levels of DD developed PE.

Importantly, the diagnosis of PE is highly dependent on physician’s assessment, which can
influence the final diagnosis and is unlikely to be consistent and standardised across hospitals. This
is particularly true also for the DD assay that is entirely “method-specific” and cannot permit the
comparison of results obtained with other tests.
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Abbreviations

[ADC] age adjusted DD cut-off level

AUC  areas under the curve

BUN  Blood Urea Nitrogen

CHF  Congestive Heart Failure

CRP C-reactive Protein

CTA computed tomography angiography
DD D-dimer

DIC disseminated intravascular coagulation
DVT  deep vein thrombosis
ED Emergency Department

eGFR  Estimated Glomerular Filtration Rate
GECD Geriatric Emergency Care Department
HgB Hemoglobin

PE pulmonary embolism

PTP pretest clinical probability

RBC red blood cell

ROC  receiver operating characteristic

VTE Venous thromboembolism

WBC  White blood cell
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