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ABSTRACT  High-sensitivity troponin T (hsTnT) helps in identifying pulmonary embolism patients at low
risk of an adverse outcome. In 682 normotensive pulmonary embolism patients we investigate whether an
optimised hsTnT cut-off value and adjustment for age improve the identification of patients at elevated risk.

Overall, 25 (3.7%) patients had an adverse 30-day outcome. The established hsTnT cut-off value of
14 pg-mLf1 retained its high prognostic value (OR (95% CI) 16.64 (2.24-123.74); p=0.006) compared with
the cut-off value of 33 pg-mL™" calculated by receiver operating characteristic analysis (7.14 (2.64-19.26);
p<0.001). In elderly (aged >75 years) patients, an age-optimised hsTnT cut-off value of 45 pgmL~" but
not the established cut-off value of 14 pg-mL~" predicted an adverse outcome. An age-adjusted hsTnT cut-
off value (>14 pgmL™" for patients aged <75years and >45pg-mL~' for patients aged >75 years)
provided additive and independent prognostic information on top of the simplified pulmonary embolism
severity index (sPESI) and echocardiography (OR 4.56 (1.30-16.01); p=0.018, C-index=0.77). A three-step
approach based on the sPESI, hsTnT and echocardiography identified 16.6% of all patients as being at
higher risk (12.4% adverse outcome).

Risk assessment of normotensive pulmonary embolism patients was improved by the introduction of an
age-adjusted hsTnT cut-off value. A three-step approach helped identify patients at higher risk of an
adverse outcome who might benefit from advanced therapy.
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Introduction

Because of the heterogeneity of patients with acute pulmonary embolism with regard to disease severity
and early prognosis, current guidelines [1, 2] recommend risk stratification to help physicians in their
treatment decisions. Elevation of cardiac troponin (T and I) plasma concentrations indicates myocardial
injury, possibly due to an increased right ventricular afterload, and is associated with an elevated risk of
short-term complications and mortality [3, 4]. The introduction of high-sensitivity assays facilitated the
reliable detection of troponin concentrations below the detection limit of conventional assays [5, 6]. In
particular, high-sensitivity troponin T (hsTnT) levels below 14 pg-mL~" (defined as the 99th percentile of
a healthy reference population with a coefficient of variation of <10%) [5] are useful for the identification
of pulmonary embolism patients at low risk [7, 8]. However, approximately two-thirds of all normotensive
patients with acute pulmonary embolism present with hsTnT levels >14 pg-mL~" on admission resulting
in low specificity and positive predictive value of the biomarker [7]. Furthermore, troponin plasma
concentrations are known to be affected by several factors, including age, renal function and release
kinetics [9-11]. For example, hsTnT levels were considerably higher in patients older than 75 years [12].
At present, it is unknown whether age or the duration of symptoms might affect the prognostic value of
hsTnT in acute pulmonary embolism.

In the present study, we investigated whether optimised cut-off values for hsTnT and adjustment for age
might provide superior prognostic value for the identification of intermediate-risk pulmonary embolism
patients. Furthermore, we tested whether the prognostic value of hsTnT is influenced by the duration of
symptoms prior admission.

Material and methods

Study subjects and study design

The patient population consists of the cohorts of two prospective multicentre studies (derivation [7] and
the validation [8] study) investigating the prognostic value of hsTnT in normotensive (systolic blood
pressure >90 mmHg on admission) patients with acute pulmonary embolism. All sites followed the same
study protocol (as described in detail in [7, 8] and the online supplementary material) allowing for
pooling of the patient cohorts. The study protocol was approved by the local ethics committees of all
participating sites.

30-day clinical follow-up data were available from all patients included in the study. The primary outcome
was an adverse 30-day outcome defined as pulmonary embolism-related death, need for mechanical
ventilation, cardiopulmonary resuscitation or catecholamine administration (except for dopamine at an
infusion rate of <5 pg per kg of body weight per minute). The secondary outcome was 30-day all-cause
mortality. Causes of death were independently adjudicated by reviewing the medical records and autopsy
reports (if performed) by three of the contributing authors (D. Jiménez, M. Kostrubiec and M. Lankeit).
Death was determined to be pulmonary embolism-related if it was either confirmed by autopsy, following
a clinically severe episode of acute pulmonary embolism and in the absence of an alternative diagnosis.

Laboratory parameters

Venous plasma samples were collected on admission, immediately stored at —80°C, and analysed in
batches after a single thaw in the core laboratory of the University of Gottingen (Gottingen, Germany).
Cardiac troponin T concentrations were measured using a highly sensitive quantitative
electrochemiluminescence immunoassay (Elecsys 2010; Roche Diagnostics, Mannheim, Germany).

Statistical analysis

Categorical variables are expressed as absolute number or percentage and were compared using Fisher’s
exact test or a Chi-squared test, as appropriate. Continuous variables did not follow a normal distribution
when tested with the modified Kolmogorov-Smirnov test (Lilliefors test); therefore, these variables are
expressed as median with the corresponding interquartile range and were compared using the unpaired
Mann-Whitney U-test. Spearman’s rank correlation coefficient was used to test for statistical dependence
of hsTnT from continuous variables. Receiver operating characteristic (ROC) curve analysis was performed
to determine the area under the curve (AUC) of hsTnT with regard to study outcomes. Youden-index
quantification was used to identify the optimal hsTnT cut-off values for prediction of the study outcomes.
Comparison of the prognostic performances of different hsTnT cut-off values was performed by
calculation of sensitivity, specificity, positive predictive value, negative predictive value and the net
reclassification improvement (NRI) according to the method described by Pencina et al[13]. The
prognostic relevance of dichotomous/dichotomised variables with regard to study outcomes was assessed
using univariable logistic regression analysis. The results are presented as odds ratios with the
corresponding 95% confidence intervals. To test whether the prognostic value of hsTnT >14 pg-mL~" with
regard to the primary outcome is independent after adjustment for age, renal function and symptom
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onset, these variables were entered into a multivariable model simultaneously. The prognostic relevance of
hsTnT cut-off values with regard to study outcomes was estimated using multivariable logistic regression
models which also included univariable significant predictors of study endpoints; of note, variables used
for calculation of the simplified pulmonary embolism severity index (sPESI) were not included in these
models separately. Calculation of Harrell’s C-indexes [14] was used to assess the additive prognostic value
of hsTnT cut-off values. This approach was also applied for developing the optimal strategy for risk
assessment. A two-sided significance level of 0<0.05 was defined appropriate to indicate statistical
significance. Statistical analyses were performed using the SPSS software (version 21.0; SPSS Inc., Chicago,
IL, USA) or R (version 2.15.1; The R Foundation for Statistical Computing c¢/o Institute for Statistics and
Mathematics, Wirtschaftsuniversitit Wien, Vienna, Austria).

Results

Baseline findings

A total of 682 normotensive patients with confirmed acute pulmonary embolism were included in the
present study. Of these, 156 (22.9%) had been included in the derivation [7] and 526 (77.1%) in the
validation [8] study for hsTnT. The clinical baseline characteristics of the study patients are shown in
table 1; the diagnostic procedures for confirmation of pulmonary embolism and the treatment performed
are described in the online supplementary material. HsTnT plasma concentrations on admission ranged
from 0.0001 to 3460 pg-mL™" with a median level of 21.2 (IQR 7.5-52.8) pg-mL™" and correlated with age
(r=0.317, p<0.001), renal function (glomerular filtration rate; r=—0.314, p<0.001) and heart rate (r=0.276,
p<0.001). Overall, 412 (60.4%) patients had hsTnT levels above the established cut-off value of 14 pg-mL™".
As shown in table 1, patients with hsTnT >14 pgmL™" were older, more frequently diagnosed with chronic
heart failure, chronic pulmonary disease and renal insufficiency, and presented more often with syncope,
tachycardia, right ventricular (RV) dysfunction on echocardiography, and an sPESI [15]) >1.

Patient cohort-specific hsTnT cut-off values for risk assessment
During the first 30 days, 25 (3.7%) patients reached the primary outcome (adverse 30-day outcome) and
29 (4.3%) patients reached the secondary outcome (30-day all-cause mortality). A total of 10 deaths were

TABLE 1 Baseline characteristics, medical history, and initial presentation of 682 normotensive patients with acute pulmonary

embolism
All study patients hsTnT <14 pg-mL~" hsTnT =14 pg-mL~" p-value
Patients n 682 270 412
Male sex 330 (48.4) 132 (48.9) 198 (48.1) 0.832
Age years 70 (54-78) 63 (45-74) 73 (64-80) <0.001
BMI kg-m~2 27.0 (23.9-30.4) 26.4 (23.3-30.1) 27.5 (24.4-30.9) 0.014
Risk factors for VTE and comorbidities
Previous VTE 159 (23.3) 75 (27.8) 84 (20.4) 0.027
Recent” immobilisation/trauma/surgery 189 (27.8) (n=681) 54 (20.0) 135 (32.8] (n=411) <0.001
Active cancer® 115 (16.9]) (n=681) 38 (14.1) 77 (18.7) (n=411) 0.112
Chronic heart failure 71 (10.4) (n=681) 15 (5.6) 56 (13.6) (n=411) 0.001
Chronic pulmonary disease 85 (12.5) (n=681) 19 (7.0) 66 (16.1) [n=411) 0.001
Renal insufficiency 207 (30.4) 45 (16.7) 162 (39.3) <0.001
Clinical presentation
Symptom duration <24 h 212 (45.6) (n=465) 70 (38.0) (n=184) 142 (50.5) (n=281) 0.008
Chest pain 312 (45.7) 160 (59.3) 152 (36.9) <0.001
Signs of DVT 224 (32.9) (n=681) 88 (32.7) (n=269) 136 (33.0) 0.936
Dyspnoea 558 (81.8) 208 (77.0) 350 (85.0) 0.009
Syncope 119 (17.4) 25(9.3) 94 (22.8) <0.001
Systolic blood pressure mmHg 130 (115-146) (n=668) 130 (120-150) (n=263) 130 (115-144) (n=405) 0.039
Hypotension® 50 (7.5) 10 (3.8) 40 (9.9) 0.004
Heart rate beats-min™' 90 (80-107) (n=674) 86 (75-98) (n=265) 95 (83-110) (n=409) <0.001
Tachycardia 247 (36.6) 62 (23.4) 185 (45.2) <0.001
RV dysfunction on echocardiography 219 (37.2) (n=588) 40 (17.7) (n=226) 179 (49.4) (n=362) <0.001
sPESI >1 403 (59.1) 101 (37.4) 302 (73.3) <0.001

Data are presented as n (%) or median (interquartile rangel, unless otherwise stated. Patients were stratified according the high-sensitivity
troponin T (hsTnT) cut-off value of 14 pg-mL~". BMI: body mass index; VTE: venous thromboembolism; DVT: deep vein thrombosis; RV: right
ventricular; sPESI: simplified pulmonary embolism severity index. #: within the previous 4 weeks; 8: defined as active malignancy, anti-tumour

therapy within the last 6 months, or metastatic state; *: defined as systolic blood pressure between 90 and 100 mmHg on admission.
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directly related to pulmonary embolism (34.5% of all deaths; 1.5% pulmonary embolism-related mortality
rate); additionally, five patients died of recurrent pulmonary embolism, two of major fatal bleeding, five of
cancer, three of chronic heart failure, three of chronic pulmonary disease and one patient each of hepatic
failure and sepsis, respectively. As expected, patients who reached either the primary or the secondary
outcome had significantly higher median levels of hsTnT on admission compared with patients with a
favourable 30-day clinical course (primary outcome: 56.4 (33.4-100.1) versus 19.2 (7.3-50.1) pg-mL ™",
p<0.001; secondary outcome: 52.1 (22.1-93.9) versus 19.3 (7.3-50.4) pgmL~", p=0.002). ROC analysis
confirmed that hsTnT was an indicator of the primary and secondary outcome in normotensive patients
with acute pulmonary embolism (fig. 1). The prognostic value of hsTnT with regard to symptom duration
prior admission is described in the online supplementary material. HsTnT concentrations of 33 and
42 pgmL™" were identified as optimal cut-off values for predicting an adverse 30-day outcome and 30-day
all-cause mortality, respectively. However, using univariable logistic regression analysis, the established
cut-off value of 14 pg-mL_1 was associated with a higher odds ratio (OR 16.64, 95% CI 2.24-123.74;
p=0.006) for an adverse 30-day outcome compared with the cohort-specific cut-off value of 33 pg-mL™"
(OR 7.14, 95% CI 2.64-19.26, p<0.001; table 2). This was also confirmed by the lack of improvement in
prognostic information by the use of the cohort-specific cut-off value, as indicated by the NRI (table 2).
As shown in table 3, besides hsTnT, tachycardia, hypotension (systolic blood pressure between 90 and
100 mmHg on admission), hypoxia (oxyhaemoglobin saturation <90%), chronic cardiopulmonary disease,
RV dysfunction on echocardiography and a sPESI >1 were also identified as univariable predictors of an
adverse 30-day outcome.

Age-adjusted hsTnT cut-off values improve risk stratification

Median hsTnT levels were higher in patients aged >75 years of age (n=248) compared with younger
(<75 years; n=434) patients (30.53 (13.72-67.51) versus 15.24 (4.90-41.74) pg-mLfl, respectively; p<0.001).
In a multivariable logistic regression analysis, the predictive value of hsTnT >14 pgmL™" remained
significant after adjustment for age, renal insufficiency and symptom duration (OR 14.26, 95% CI 1.87-
108.53; p=0.010). By ROC analysis, an optimised hsTnT cut-off value of 12 pg-mL~" for patients aged
<75 years (AUC 0.76, 95% CI 0.66-0.85; p=0.002), and of 45 pg-mL_1 for elderly patients (AUC 0.74, 95%
CI 0.64-0.84; p=0.005) were calculated for prediction of an adverse 30-day outcome. Reclassification of
elderly patients using the age-optimised cut-off value of 45 pg-mL™" provided better risk prediction
compared with the established hsTnT cut-off value of 14 pgmL™" (NRI 0.18, 95% CI 0.01-0.36; p=0.041)
(table 2). Alternatively, in patients aged <75 years, the age-optimised hsTnT cut-off of 12 pg-mL™" did not
improve prediction of an adverse 30-day outcome compared with the established hsTnT cut-off value of
14 pg-mL_1 (NRI 0.01, 95% CI —0.07-0.09; p=0.873).

An age-adjusted hsTnT cut-off value (>14 pgmL™"' in patients aged <75 years and >45pgmL~"' in
patients aged >75 years) was associated with an 8.7-fold increased risk for the primary study outcome (OR
8.67, 95% CI 2.57-29.26; p<0.001). Importantly, entering the age-adjusted hsTnT cut-off value into a
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FIGURE 1 Receiver operating characteristics curves for high-sensitivity troponin T (hsTnT) levels on admission with
regard to the a) primary (adverse 30-day outcome) and b) secondary (30-day all-cause mortality) outcome in
normotensive pulmonary embolism. AUC: area under the curve.
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TABLE 2 Prognostic performance of different high-sensitivity troponin T (hsTnT) cut-off values in all study patients and in
elderly (aged >75 years) patients with regard to an adverse 30-day outcome

Sensitivity Specificity PPV NPV NRI (95% CI), OR (95% ClI),
p-value p-value
AUl study patients (n=682)
hsTnT >14 pg-mL’1 (established) 96 (80-99) 41 (37-45) 6 (4-9) 100 (98-100) 16.64 (2.24-123.74),
p=0.006
hsTnT >33 pg-mL’1 80 (61-91) 64 (60-67) 8 (5-12) 99 (97-100) 0.07 (-0.09-0.23),  7.14 (2.64-19.26),
(patient cohort-specific) p=0.385 p<0.001
Age-adjusted hsTnT cut-off value® 88 (70-96) 54 (50-58) 7 (5-10) 99 (98-100)  0.05 (-0.06-0.17),  8.67 (2.57-29.26),
p=0.369 p<0.001
Age >75 years (n=248)
hsTnT >14 pg-mL~" (established) 100 (76-100) 28 (22-34) 7 (4-11) 100 (94-100) l
hsTnT >45 pg-mL’1 (age-optimised) 83 (55-95) 64 (58-70) 11 (6-19) 99 (95-100) 0.18 (0.01-0.36), 9.05 (1.94-42.26),
p=0.041 p=0.005

Data are presented as % (95% Cl), unless otherwise stated. Abbreviations: PPV: positive predictive value; NPV: negative predictive value; NRI: net
reclassification improvement; Cl: confidence interval; OR: odds ratio; hsTnT: high-sensitivity troponin T. #: the age-adjusted hsTnT cut-off value
was defined as hsTnT levels >14pgmL~" in young (<75 years) patients and hsTnT levels >45pgmL~" in elderly (=75 years) patients.
7: calculation of the odds ratio was not possible since all patients with hsTnT <14 pg mL™" had a favourable outcome (sensitivity 100%).

DOI: 10.1183/09031936.00174514

multivariable model with the sPESI and evidence of RV dysfunction on echocardiography, hsTnT
provided independent and additive prognostic information (OR 4.56, 95% CI 1.30-16.01; p=0.018,
C-index=0.77), on top of the two other variables (C-index=0.67; table 3). In contrast, inclusion of the
hsTnT cut-off value of 14 pg-mL~" (regardless of the patient’s age) into the same multivariable model did
not provide independent prognostic information (OR 7.11, 95% CI 0.91-55.43; p=0.061) (table 3). The
age-adjusted hsTnT cut-off value also provided independent and additive prognostic information for
identification of patients with an increased risk of 30-day all-cause mortality (OR 3.38, 95% CI 1.33-8.58;
p=0.010, C-index=0.74) (table 1s of the online supplementary material).

Optimising risk assessment using a three-step approach

Seeking to optimise the risk assessment strategy for normotensive patients with pulmonary embolism, we
tested a three-step algorithm (fig. 2). Of 279 (40.9%) patients classified as “low-risk” (sPESI 0), two (0.7%)
patients had an adverse 30-day outcome as opposed to 23 (5.7%) of 403 patients classified as high-risk
(sPESI >1; fig. 2). As shown in table 4, addition of hsTnT to the sPESI provided additive prognostic
information (OR 6.59, 95% CI 1.93-22.44; p=0.003, specificity 68%, C-index 0.77) compared with a sPESI

TABLE 3 Predictors of adverse 30-day outcome in normotensive pulmonary embolism

OR 95% CI p-value C-index
Univariable logistic regression analysis
Chronic cardiopulmonary disease 3.04 1.33-6.93 0.008
Tachycardia 2.70 1.19-6.10 0.017
Hypotension 3.32 1.19-9.27 0.022
Hypoxia 3.65 1.51-8.81 0.004
RV dysfunction on echocardiography 4.08 1.65-10.07 0.002
sPESI >1 8.38 1.96-35.85 0.004
Multivariable logistic regression analysis
sPESI >1 6.18 1.42-26.92 0.015 0.67
RV dysfunction on echocardiography 3.23 1.29-8.07 0.012
Additional impact
hsTnT >14 pg-mL~" 7.1 0.91-55.43 0.061 0.76
Age-adjusted hsTnT cut-off value® 4.56 1.30-16.01 0.018 0.77

RV: right ventricular; sPESI: simplified pulmonary embolism severity index; hsTnT: high-sensitivity troponin T.
#. age-adjusted hsTnT cut-off value was defined as hsTnT levels >14 pg-mL~" in young (age <75 years)
patients and hsTnT levels >45 pg-mL’1 in elderly (age >75 years] patients.
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FIGURE 2 Stepwise approach for risk assessment based on the simplified pulmonary embolism severity index (sPESI),
an age-adjusted high-sensitivity troponin T (hsTnT) cut-off value, and echocardiographic evidence of right ventricular
(RV) dysfunction. The age-adjusted hsTnT cut-off value was defined as hsTnT levels >14 pgmL™" in young (age
<75 years) patients and hsTnT levels >45 pg-mL~" in elderly (>75 years) patients.

>1 alone (specificity 42%, C-index 0.67). The number of patients at risk could be reduced from 403 to 230
(33.7% of the total study population and 57.1% of the patients with sPESI >1); of those, 2 patients (8.7%)
reached the primary outcome (fig. 2, left side). Of note, both patients with a sPESI of 0 and an adverse
30-day outcome (both required catecholamine administration due to hemodynamic collapse) were
correctly reclassified by the age-adjusted hsTnT cut-off value (fig. 2).

In order to identify a subgroup of normotensive patients at even higher risk (who might benefit from
recanalisation therapy, as suggested by the results of a recent trial [16]), we added RV dysfunction on
echocardiography to the algorithm as the third step. Of note, addition of RV dysfunction on
echocardiography to the multivariable model did not provide independent prognostic information in the
total study population or in the subgroup of patients with a sPESI >1 (table 4). However, including RV
dysfunction on echocardiography as a third step in the risk assessment algorithm helped identify a
subgroup of patients (16.6% of the total study population) as being at “intermediate-high risk” (12.4%
adverse 30-day outcome; fig. 2) with a specificity of 84% (table 4).

Discussion

Prognostic value of hsTnT in patients with pulmonary embolism

Thresholds for biomarkers should be selected according to the intended clinical application. While
reference values defining “normal” biomarker concentrations (such as the 99th percentile of a healthy
reference population with a coefficient of variation of <10%) are especially useful for diagnostic purposes
due to their usually high negative predictive value, thresholds may need to be adapted for prognostic use
in order to reduce the number of false positive tests. For instance, while a normal N-terminal pro-brain
natriuretic peptide level <125 pg-mL~" virtually excludes the presence of significant heart failure [17], the
prognostically relevant cut-off value in normotensive patients with pulmonary embolism is as high as
600 pgmL~'[18].

The prognostic relevance of cardiac troponins for risk stratification of normotensive pulmonary embolism
has continued to evolve during the past decade. Elevated troponin levels serve as predictors of an adverse
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TABLE 4 Development of a stepwise approach for risk assessment (primary outcome)

OR 95%CI p-value C-index Sensitivity, Specificity, PPV, NPV,
% (95% Cl) % (95% Cl) % (95% Cl) % (95% CI)

sPESI >1

8.38 1.96-35.85  0.004 0.67 92 (75-98) 42 (38-46) 6 (4-8) 99 (97-100)

Additional impact of the age-adjusted hsTnT

cut-off value
sPESI >1

5.85 1.35-25.32  0.018 0.77 80 (61-91) 68 (64-72) 9 (6-13) 98 (97-100)

Age-adjusted hsTnT cut-off value® 6.59 1.93-22.44  0.003
Additional impact of RV dysfunction on

echocardiography

sPESI >1 5.07 1.16-22.22  0.031 0.79 61 (41-78) 84 (81-87) 12 (8-20) 98 (97-99)
Age-adjusted hsTnT cut-off value® 4.62 1.31-16.29  0.017
RV dysfunction on echocardiography 2.33 0.92-5.96 0.076
Subanalysis of 403 patients with sPESI >1
Age-adjusted hsTnT cut-off value® 5.40 1.58-18.47  0.007 0.66 87 (68-96) 45 (40-50) 8 (6-13) 98 (95-99)

Additional impact of RV dysfunction on

echocardiography

Age-adjusted hsTnT cut-off value® 3.70 1.04-13.15  0.043 0.71 67 (45-83) 72 (67-76) 12 (8-20) 97 (95-99)
RV dysfunction on echocardiography 2.50 0.93-6.77 0.071

OR: odds ratio; Cl: confidence interval; PPV: positive predictive value; NPV: negative predictive value; sPESI: simplified Pulmonary Embolism
Severity Index; hsTnT: high-sensitivity troponin T; RV: right ventricular. #: the age-adjusted hsTnT cut-off value was defined as hsTnT levels
>14 pg-mL~" in young (age <75 years) patients and hsTnT levels >45 pg-mL~" in elderly (age >75 years) patients.
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short-term course [3], while plasma concentrations below the threshold of high-sensitivity assays (e.g.
14 pgmL™" for hsTnT) are especially useful for identification of low-risk patients with a favourable
prognosis [5, 19, 20]. The potential therapeutic consequences of elevated troponin plasma concentrations
have recently been demonstrated in the Pulmonary Embolism Thrombolysis (PEITHO) study [16]. In that
study, patients with intermediate-risk pulmonary embolism, defined by RV dysfunction on
echocardiography or computed tomography plus a positive troponin test, were randomised in a
double-blind manner to treatment with tenecteplase or placebo (plus anticoagulation in both arms). Of
patients who received the thrombolytic agent, 2.6% reached the primary endpoint (death or haemodynamic
decompensation within 7 days) compared with 5.6% of those randomised to placebo; this effect
corresponded to a relative risk reduction of 56% (OR 0.44, 95% CI 0.23-0.87; p=0.02). However, thresholds
for a positive troponin test were not prospectively defined in that study and different assays (including
high-sensitivity assays) were used by the participating sites. In the present multicentre study of 682
normotensive patients with acute pulmonary embolism, we could demonstrate that the previously validated
and established cut-off value of 14 pgmL™" [8] retained its superior prognostic value compared with the
“optimal” cut-off value of 33 pg-mL™" calculated by ROC analysis in the present patient population.

Additive prognostic information by using an age-adjusted hsTnT cut-off value

The use of age-adjusted biomarker cut-off values has recently attracted interest in acute pulmonary
embolism, as several studies showed an improved diagnostic performance of age-adjusted D-dimer
thresholds [21]. In addition, elderly patients with acute pulmonary embolism are considered to have a
higher risk of an adverse early outcome, highlighting the importance of reliable risk stratification tools in
this patient subgroup: in the PEITHO trial [16], patients aged >75 years more frequently reached the
primary endpoint (4.3% in the tenecteplase arm and 6.7% in the placebo arm) compared with patients
aged <75 years (1.7% and 5.1%, respectively). By comparison, in the present cohort study, 4.8% of the
patients aged >75years had an adverse 30-day outcome compared with 3.0% of the patients aged
<75 years. An age-adjusted hsTnT cut-off value provided improved prognostic value compared with the
established hsTnT cut-off value of 14 pgmL™" for the prediction of an adverse 30-day outcome in elderly
patients (table 2).

Advanced age has been shown to influence the diagnostic and prognostic value of cardiac troponins in
cardiovascular disease such as acute coronary syndrome [9, 12]. In the present multicentre cohort study,
we could show that the use of an age-adjusted hsTnT cut-off value (14 pg-mL™" in patients aged <75 years
and 45 pgmL™" in patients aged >75 years) exhibited a good prognostic performance. Importantly, the
prognostic information provided by the age-adjusted hsTnT cut-off value was independent and additive
(OR 4.62, 95% CI 1.31-16.29; p=0.017, C-index 0.77) to that of the sPESI and echocardiography (C-index
0.67; table 3). The calculated optimal hsTnT cut-off value of 45 pg-mL~" for pulmonary embolism patients
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aged >75years is in agreement with the hsTnT thresholds reported for elderly patients with other
cardiovascular diseases [9, 22], such as acute myocardial infarction.

A three-step approach for risk assessment of normotensive pulmonary embolism

In order to further optimise the risk assessment strategy for normotensive patients with pulmonary
embolism, we developed a three-step algorithm (fig. 2) based on the sPESI, the age-adjusted hsTnT cut-off
value and echocardiographic evidence of RV dysfunction. Using this three-step approach, we were able to
identify 16.6% of all patients as being at intermediate-high risk with 12.4% of them reaching the primary
outcome. While echocardiographic evidence of RV dysfunction was helpful for further stratifying patients
with a sPESI >1 and hsTnT above the age-adjusted cut-off value in an “intermediate-high” and an
“intermediate-low” risk group, echocardiographic examination may not be necessary in patients with a
SPESI of 0 or hsTnT below the age-adjusted cut-off value. This three-step approach supports the findings
of Bova et al. [23] suggesting a multidimensional seven-point risk index based on (mild) hypotension,
tachycardia, RV dysfunction on echocardiography and elevated cardiac troponin for identification of
intermediate-risk pulmonary embolism. In the present patient cohort, a one-point increase in the “Bova
score” using the age-adjusted hsTnT cut-off value was associated with a 1.69-fold increased risk of an
adverse 30-day outcome (95% CI 1.34-2.12; p<0.001).

Conclusions

In elderly (age >75 years) patients with acute pulmonary embolism, an age-optimised hsTnT cut-off value
of 45 pg-mL™" is superior to the established cut-off value of 14 pgmL™" in predicting an adverse 30-day
outcome. The use of an age-adjusted hsTnT cut-off value (=14 pg mL™" for patients aged <75 years and
>45 pg-mL~" for patients aged >75 years) provided prognostic information which was additive to that of
clinical and echocardiographic findings. A three-step approach based on the sPESI, an age-adjusted hsTnT
cut-off value and echocardiographic evidence of RV dysfunction, might help identify patients with a
higher risk of an adverse 30-day outcome who require monitoring and, possibly, early reperfusion therapy.
However, for defining the optimal treatment strategy of intermediate-high risk pulmonary embolism
patients, further criteria such as the individual bleeding risk should be taken into consideration.
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