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Abstract Age-adjusted D-dimer (AADD) appears to

increase the proportion of patients in whom pulmonary

embolism (PE) can safely be excluded compared with

conventional D-dimer (CDD), according to a limited

number of studies. The aim if this study was to assess

whether the use of an AADD might safely increase the

clinical usefulness of CDD for the diagnosis of PE in our

setting. Three hundred and sixty two consecutive outpa-

tients with clinically suspected PE in whom plasma sam-

ples were obtained to measure D-dimer were included in

this post hoc analysis of a previous study. CDD cutoff

value was 500 ng/mL and AADD was calculated as (pa-

tient’s age 9 10) ng/mL in patients aged[50. Sensitivity,

specificity, clinical usefulness (i.e., proportion of true-

negative tests among all patients with suspected PE), and

the proportion of false negatives were calculated for both

AADD and CDD among patients with low-to-moderate

clinical probability of PE according to Well’s criteria. PE

was confirmed in 98 patients (27 %). Among 331 patients

with low-to-moderate clinical probability of PE, sensitivity

and clinical usefulness were 100 and 27.8 % for CDD,

respectively, and 100 and 36.5 % for AADD, respectively.

In 29 patients aged [50 with CDD [500 ng/mL, AADD

showed values under its normal cutoff point, without false

negatives for the diagnosis of PE (0 %, 95 % CI 0–11 %).

AADD increases clinical usefulness notably with respect to

that of CDD in patients with clinical suspected PE without

losing sensitivity in our cohort. The use of AADD appar-

ently does not reduce the safety of CDD for the exclusion

of PE.
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Introduction

Pulmonary embolism (PE) is considered in the differential

diagnosis of many clinical presentations, and it remains a

diagnostic challenge in clinical practice [1]. Currently, the

diagnosis of acute PE should follow a sequential diagnostic

workup consisting of assessment of pretest probability (PTP)

based on clinical evaluation followed by D-dimer testing in

low/moderate clinical probability [2, 3]. Patients with a pos-

itive D-dimer testing, or those with high clinical PTP of PE,

go on to multidetector computed tomography (MDCT) or

ventilation–perfusion (V/Q) lung scanning [2, 3].

D-dimer testing has a high sensitivity, and has been

proven a safe test in combination with non-high clinical

PTP to rule out PE in outcome studies [4–6]. However,
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D-dimer testing has only a moderate specificity (40–60 %)

for the PE diagnosis, leading to a high rate of false-positive

results in multiple conditions [5, 7] [8]. As a result, the

clinical usefulness of the test (i.e., the proportion of neg-

ative D-dimer tests in patients with suspected of PE and in

whom this diagnosis may be safely ruled out) is low.

Several studies have shown that the clinical usefulness of

D-dimer with a conventional cutoff value of 500 ng/mL

(CDD) is about 30 % [4, 6, 9–11]. Accordingly, 70 % of

patients with suspected PE will require further evaluation

with imaging techniques for PE detection (MDCT or V/Q

lung scanning).

The CDD physiologically increases with aging making

this test less useful in elderly patients compared with

younger subjects in whom PE is suspected [12, 13]. Recent

studies suggest an increased clinical usefulness of D-dimer

testing for the diagnosis of PE when an age-adjusted

D-dimer (AADD) cutoff is used in patients aged[50 [14–

16]. However, with the exception of a prospective study

[15], most of relevant reports using AADD are retrospec-

tive and limited to three research groups in Central Europe

and the United States of America [17]. For this reason, it

remains unknown whether the use of AADD in hospital

settings across different geographic areas shows similar

results in terms of both efficiency and safety. In this regard,

the aim of our study is to evaluate in our local context

whether the proposed AADD cutoff can safely improve the

clinical usefulness of CDD cutoff value in a cohort of

consecutive outpatients with suspected PE.

Patients and methods

Patients

Consecutive outpatients who presented to the emergency

department (ED) with clinically suspected PE at Prı́ncipe

de Asturias University Hospital (Alcalá de Henares,

Madrid, Spain) between September 2008 and October 2010

were included in a study of PE diagnosis with a three-

month follow-up. Exclusion criteria were age younger than

18 years, pregnancy, patients already on therapeutic anti-

coagulation and logistic reasons (e.g., unavailability of

MDCT, V/Q lung scanning or contrast pulmonary

angiography). The study was approved by the local Ethics

Committee and written informed consent forms were

obtained from all patients.

Study design

Consecutive outpatients who presented to the ED with

clinically suspected PE were managed according to a strict

local protocol for PE diagnosis, as detailed elsewhere

(Fig. 1) [11]. Plasma samples to measure levels of D-dimer

were obtained at enrollment. The D-dimer was measured at

the end of study, and their results for the PE diagnosis were

analyzed retrospectively.

Patients underwent clinical evaluation by the attending

physician prior to undergoing any other test, and were

categorized according to the 3-level Wells score in low,

moderate, and high clinical probability groups [18]. In

brief, since a validated high-sensitivity D-dimer assay

was not available in our hospital at the time of enroll-

ment, MDCT or V/Q lung scanning (in the presence of

allergy to intravenous contrast agents or renal insuffi-

ciency) was done on all patients. A lower-limb venous

compression ultrasonography (US) was done when

MDCT or V/Q lung scanning showed no definite results

for the diagnosis of PE, and a contrast pulmonary

angiography was performed only in patients with incon-

clusive noninvasive workup.

PE was ruled out if: a negative result on MDCT along

with a low or moderate clinical PTP according to Wells

score; or normal V/Q lung scanning was found; or normal

contrast pulmonary angiography; or low clinical PTP

according to Wells score and V/Q lug scanning inconclu-

sive with lower-limb US negative for DVT. Patients with

PE ruled out did not receive anticoagulation, and were

followed up over a three-month period. PE was confirmed

if: a MDCT showing thrombi; or a high probability V/Q

lung scanning and high clinical PTP; or inconclusive (low

or moderate) V/Q lung scanning and moderate/high clinical

PTP with DVT thrombosis shown by venous compression

US of lower limbs; or a contrast pulmonary angiography

showing thrombi; or presence of pulmonary emboli at

necropsy.

Follow-up

All patients without PE and their respective general prac-

titioners were contacted by phone by attending physicians

to assess signs or symptoms suggestive of recurrent

thromboembolic disease during the follow-up period or

initiation of anticoagulant therapy for any reason.

Clinical charts were reviewed in case of hospital read-

missions to assess the proportion of patients in whom

thromboembolic events or death related to this condition

occurred within 3 months after hospital discharge. Diag-

nostic failure was considered if fatal or nonfatal events

related to venous thromboembolic disease were found

during the follow-up period. Deaths were classified as

caused by PE in case of an objective imaging test positive

for PE prior to death, confirmation by autopsy, or if PE

could not be confidently excluded as the cause of death.
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Diagnostic tests

The techniques for performing MDCT, V/Q lung scanning

and contrast pulmonary angiography have been described

elsewhere [11]. A MDCT was positive for pulmonary

embolism if contrast material outlined a central intralu-

minal defect or if a vessel was totally occluded in at least

two different projections. A V/Q lung scanning was clas-

sified as normal, low, intermediate or high probability

according to the Prospective Investigation of Pulmonary

Embolism Diagnosis (PIOPED) study [19]. Lower-limb

B-mode venous compression US was performed by trained

staff. The examination consisted of a real-time B-mode

examination of the common femoral and popliteal veins.

The criterion for diagnosing deep-vein thrombosis (DVT)

was incomplete compressibility of the vein [20].

Contrast pulmonary angiography was interpreted by a

specialist in vascular radiology and the following criteria

were considered diagnostic of PE: presence of repletion

defects or sharp termination of one or more arteries greater

than 2.5 mm in diameter. In case of doubt, a second

experienced radiologist was asked for his or her opinion

and the diagnosis was made by means of consensus.

Plasma samples

A blood sample to measure D-dimer levels was obtained by

clean venipuncture immediately at enrollment. Blood

samples were collected in plastic tubes containing 3.8 %

trisodium citrate (9:1, vol:vol). Specimens were cen-

trifuged at 30009g during 15 min to obtain platelet poor

plasma, which was aliquoted and stored at -708 C. The

technician performing the analysis was unaware of the final

diagnosis for each patient. At the end of study, the D-dimer

ELISA assay (VIDAS, bioMérieux, Marcy l’Etoile,

France) was performed.

Statistical analysis

Baseline characteristics among the 2 groups of patients

(with PE and without PE) were compared using the Stu-

dent’s t test for variables with a parametric distribution, the

262  Negative

259  PE    
excluded

362 PATIENTS WITH SUSPECTED PE

259  PTP     
low/moderate

355  Patients MDCT 6 V/Q lung scan

93  Positive

3   High PTP

3    Lower limbs
ultrasonography

1   Positive 2  Negative

1 High
probability
and high PTP

2 Inconclusive 3 Normal

1   autopsy

2 PE  
confirmed

2  Lung
angiography

1  Negative1  Positive

95   PE  
confirmed

2 Lower limbs
ultrasonography

1     PE  
confirmed

1 PE  
excluded

4      PE 
excluded

1   Positive 1  Negative and 
low PTP

Fig. 1 Study flowchart. PE pulmonary embolism, MDCT multidetector computed tomography, V/Q ventilation/perfusion, PTP pretest

probability
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Mann–Whitney test for variables with a nonparametric

distribution and Chi-square test or Fisher exact test for

binary variables. For all analyses, a two-tailed P value of

less than 0.05 was considered to indicate statistical

significance.

For D-dimer, we used two cutoff values: a conventional

cutoff value of 500 ng/mL (CDD) and an age-adjusted

D-dimer cutoff (AADD = patient’s age 9 10 ng/mL), if

age [50 years [14]. Diagnostic performances were asses-

sed by diagnostic indexes from 2 9 2 contingency table

analyses. Sensitivity, specificity, negative predictive value

(NPV), positive predictive value (PPV) and clinical use-

fulness (defined as the proportion of true-negative tests

among all patients with suspected PE) were calculated

along with their corresponding 95 % confidence interval,

for CDD alone, and for both CDD and AADD when

patient’s age [50 years and CDD [500 ng/mL. These

values were also calculated in the subgroup of patients with

‘‘low/moderate’’ clinical PTP of having PE according to

the Wells score, in which VIDAS D-dimer test has been

approved in clinical practice to rule out PE [2, 7, 21].

Analyses were done using SPSS software 17 (SPSS, Inc.,

Chicago, Illinois).

Results

Three hundred and eighty five consecutive outpatients with

suspected PE who were evaluated at the ED of our hospital

were included in this study. Twenty one patients (5 %)

were excluded from the study due to lack of consent to be

included in the study (9 patients), or unavailability to

perform D-dimer test (12 patients). Therefore, 362 patients

were included in the analysis with an age of 60 ± 19 years

(mean ± SD; range 21–82 years). PE was diagnosed in 98

patients (27 %), and ruled out in the remaining 264 patients

(73 %). None of these patients had thromboembolic events

during the three-month period of follow-up (0 %, 95 % CI

0–1.4 %). No patient was lost to follow-up. Figure 1 shows

the diagnostic strategy used in this study.

Most of demographic and clinical baseline characteris-

tics were similar among patients with and without PE

(Table 1). Patients with PE have a higher frequency of

surgery in the preceding 4 weeks or recent immobilization,

when compared with subjects without this condition (22.2

vs. 12.6 %). From a total sample of 362 patients, 291 were

[50 years old (PE was confirmed in 81 patients, being

ruled out in the remaining 210 subjects) (Table 1).

Table 1 Clinical characteristics

of 362 patients with suspected

PE

Characteristic PE (n = 98) No PE (n = 264) P

Age, mean ± SD 65 ± 18 63 ± 15 NS

Age[50 years (%) 81 (82.6 %) 210 (83.3 %) NS

Male (%) 46 (46.4 %) 124 (46.7 %) NS

Risk factor for VTED (%)

Surgery within last 4 weeks or immobilization 22 (22.2 %) 32 (12.6 %) 0.02

Cancer 7 (7 %) 16 (6.1 %) NS

Previous VTED 13 (13.1 %) 25 (9.5 %) NS

Oral contraceptives 5 (5 %) 9 (3.4 %) NS

Symptoms (%)

Dyspnea 76 (76.7 %) 213 (80.9 %) NS

Pleuritic chest pain 47 (47.4 %) 133 (50.5 %) NS

Oppressive chest pain 7 (7 %) 19 (7.2 %) NS

Syncope 9 (9.1 %) 23 (8.7 %) NS

Signs (%)

Fever ([38 �C) 13 (13.1 %) 30 (11.4 %) NS

Tachypnea ([20 breaths/min) 24 (24.2 %) 59 (22.4 %) NS

Tachycardia ([100 beats/min) 31 (31.3 %) 103 (39.1 %) NS

Chest X-ray abnormalities (%) 55 (55.5 %) 154 (58.5 %) NS

Electrocardiogram abnormalities (%) 69 (69.6 %) 159 (58.5 %) NS

Wells score (%)

Low 21 (21.4 %) 142 (53.8 %)

Moderate 53 (54.1 %) 115 (43.5 %)

High 24 (24.5 %) 7 (2.6 %)

PE pulmonary embolism, VTED venous thromboembolic disease, NS nonsignificant
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Table 2 shows 2 9 2 contingency table (Table 2A) and

sensitivity, specificity, NPV, PPV and clinical usefulness

(Table 2B) for both CDD and AADD in patients with

clinically suspected PE. Two patients with high PTP

according to Wells criteria showed false-negative values

for CDD and AADD (Table 2A). Clinical usefulness for

CDD is 25.7 % (93/362; 95 % CI 21–30 %), and 33.4 %

for AADD (121/362; 95 % CI 28–38 %). Therefore, clin-

ical usefulness of AADD results in a 7.7 % absolute

increase when compared with that of CDD.

Table 3 shows 2 9 2 contingency table (Table 3A),

sensitivity, specificity, NPV, PPV and clinical usefulness

(Table 3B) for both CDD and AADD in 331 patients with

low or moderate PTP according to Wells criteria. No false-

negative cases were observed in this subset of patients for

both CDD and AADD. Clinical usefulness is 27.8 % (78/

331; 95 % CI 23.2–32.8 %) for CDD, and 36.5 % (121/

331; 95 % CI 31.5–41.8 %) for AADD. Therefore, the use

of AADD shows an 8.7 % absolute increment in clinical

usefulness when compared with CDD. In 29 patients aged

[50 years with CDD [500 ng/mL, AADD shows values

under its calculated cutoff point, without false negatives for

the diagnosis of EP (0 %, 95 % CI 0–11 %).

Discussion

In the present study, AADD shows a higher clinical use-

fulness for ruling out PE compared with CDD (33.7 vs.

25.7 %) when applied to patients with any grade of clinical

probability of PE. Therefore, our results show that the use

of AADD results in an 8 % absolute increase compared to

the clinical usefulness of CDD in patients in whom PE is

clinically suspected. However, it should be noted that

D-dimer testing is not suitable for ruling out PE in patients

with high PTP, only being approved for the exclusion of

this condition in patients with low or moderate PTP [2, 7,

21]. In our local setting, CDD and AADD show a clinical

usefulness of 27.8 and 36.5 %, respectively, in the subset

of patients with low or moderate PTP for the exclusion of

PE. Again, the use of AADD results in an 8.7 % increase in

the clinical usefulness within this subset of patients. The

most relevant studies in Europe dealing with AADD in

patients of any age such as that of Douma et al. [14],

comprising three cohorts, as well as the validation

prospective study reported by Righini et al. [15], show a

clinical usefulness with the use of AADD of 42, 51, 40 and

39.8 %, respectively, among patients with non-high PTP of

PE.

These reports apparently show a slightly higher clinical

usefulness compared with that observed in our study in

patients with low or moderate PTP of PE. These differ-

ences are probably related to the model used to categorize

groups of patients with non-high PTP of PE, which differs

from ours. In our case, we use the 3-category Wells score

(low, moderate, and high PE probability), while both

Douma and Righini use the two-level Wells score in a high

proportion of patients (PE likely or PE unlikely), which

shows a lower prevalence of PE and positive D-dimer

results [22]. If clinical usefulness of AADD were

Table 2 2 9 2 contingency table (A) and sensitivity, specificity and predictive values for both conventional D-dimer and age-adjusted D-dimer

in 362 patients with suspected pulmonary embolism (B)

Patients with PE Patients without PE Total

CDD AADD CDD AADD CDD AADD

(A) 2 9 2 contingency table

Positive test 96 96 171 142 267 238

Negative test 2 2 93 122 95 124

Total 98 98 264 264 362 362

CDD AADD

(%) 95 % CI (%) 95 % CI

(B) Sensitivity, specificity, predictive values and clinical usefulness of both conventional D-dimer and age-adjusted D-dimer

Sensitivity 97.9 92.1–99.6 97.9 92.1–99.6

Specificity 35.2 29.5–41.3 46.2 40.1–52.4

NPV 97.9 91.8–99.6 98.4 93.7–99.7

PPV 35.9 30.2–42.1 40.3 34.1–46.8

Clinical usefulness 25.7 21.4–30.4 33.7 29.0–38.7

PE pulmonary embolism, CDD conventional D-dimer (cutoff point: 500 ng/mL), AADD age-adjusted D-dimer in patient aged[50 years, NPV

negative predictive value, PPV positive predictive value
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calculated in the studies by Douma and Righini in all

patients with suspected PE, the following result would have

been found: 32.5 % (560/1721 patients) in the derivation

cohort by Douma [14], 33 % (1093/3306 patients) in the

validation cohort 1 by Douma [14], 36.5 % (663/1812

patients) in the validation cohort 2 by Douma [14], and

34.7 % (1154/3324 patients) in the study by Righini [15].

These results are similar to the findings in our study

showing a clinical utility for AADD of 33.4 %. As above

mentioned, the absolute increase in the clinical usefulness

of AADD with respect to CDD is about 8–9 %, similar to

that reported in the studies by Douma and Righini (range

5.15–11.1 %) [14, 15].

An interesting finding is the safety analysis when using

AADD. The use of AADD implies increasing the con-

ventional D-dimer cutoff point (500 ng/mL) in patients

aged [50, which might result in false negatives and a

lower sensitivity of the test compromising its safety to

exclude PE. The most relevant studies with a large sample

size such as the aforementioned by Douma et al. [14], and

Righini et al. [15], as well as a recent report by Woller

et al. [16], find lower false-negative rates when AADD is

used (0.6, 0.3, and 1.5 %, respectively); these authors

point out the fact that AADD appears to be safe when it

is used in patients with non-high PTP of PE. In our study,

AADD ruled out PE in 29 patients aged [50 in whom

CDD was [500 ng/ml, with no false-negative results

(0 %; 95 % CI 0–11.7 %). This result implies that AADD

probably represents a safe test, but the range of the

confidence interval does not allow one to draw firm

conclusions in this regard.

In our study, the prevalence of PE is 27 %, higher than

that reported in a cohort from the United States of America

by Penaloza (5.1 %) [22] and Woller (10.6 %) [16], but in

line with those observed in European cohorts by Douma

(24 %) [14], Righini (19 %) [15], Penaloza (28 %) [23],

and Jaffrelot (31 %) [24].

A major strength in our study is the strict diagnostic

protocol used in suspected cases of PE, as every patient

underwent imaging tests to confirm or exclude this condi-

tion, and was closely followed up for more than 3 months.

The main limitations of our study are: (1) although the

cohort included consecutive patients with suspected PE and

samples were collected at the moment when clinical sus-

picion was considered, D-dimer test results were obtained

retrospectively at the end of the study; (2) the study is

limited to only one Spanish center; (3) in regard to the

safety of AADD, although no false-negative result was

observed, we could not draw firm conclusions as previ-

ously mentioned due to a relatively wide 95 % CI.

In conclusion, AADD notably increases the clinical

usefulness of CDD in patients with suspected PE in our

local setting without losing sensitivity. The use of AADD

does not appear to diminish the safety of CDD, though we

could not draw firm conclusions in this regard.
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Table 3 2 9 2 contingency (A) and sensitivity, specificity and predictive values of both conventional D-dimer and age-adjusted D-dimer in 331

patients with low/moderate probability of PE (B)

Patients with PE Patients without PE Total

CDD AADD CDD AADD CDD AADD

(A) 2 9 2 contingency table

Positive test 74 74 165 136 239 210

Negative test 0 0 92 121 92 121

Total 74 74 257 257 331 331

CDD AADD

(%) 95 % CI (%) 95 % CI

(B) Sensitivity, specificity, predictive values and clinical usefulness of both conventional D-dimer and age-adjusted D-dimer

Sensitivity 100 93.8–100 100 93.8–100

Specificity 35.8 30–42 47.1 40.8–53.4

NPV 100 95–100 100 96.1–100

PPV 31 25.2–37.3 35.2 28.8–42.1

Clinical usefulness 27.8 23.2–32.8 36.5 31.5–41.8

PE pulmonary embolism, CDD conventional D-dimer (cutoff point: 500 ng/mL), AADD age-adjusted D-dimer in patient aged[50 years, NPV

negative predictive value, PPV positive predictive value
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