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A B S T R A C T

Background: Tachycardia is a reliable predictor of adverse outcomes in normotensive patients with acute pul-
monary embolism (PE). However, different prognostic relevant heart rate thresholds have been proposed. The
aim of the study was to investigate the prognostic performance of different thresholds used for defining ta-
chycardia in normotensive PE patients.
Methods: We performed a post-hoc analysis of normotensive patients with confirmed PE consecutively included
in a single-centre and a multi-centre registry. An adverse outcome was defined as PE-related death, need for
mechanical ventilation, cardiopulmonary resuscitation or administration of catecholamines.
Results: Of 1567 patients (median age: 72 [IQR, 59–79] years; females: 46.1%) included in the analysis, 78
patients (5.0%) had an in-hospital adverse outcome. The rate of an adverse outcome was higher in patients with
a heart rate≥100 bpm (7.6%) and ≥110 bpm (8.3%) compared to patients with a heart rate <100 bpm (3.0%).
A heart rate ≥100 bpm and ≥110 bpm was associated with a 2.7 (95% CI 1.7–4.3) and 2.4-fold (95% CI
1.5–3.7) increased risk for an adverse outcome, respectively. Receiver operating characteristics analysis revealed
a similar area under the curve with regard to an adverse outcome for all scores and algorithm (ESC 2019
algorithm, modified FAST and Bova score) if calculated with a heart rate threshold of ≥100 bpm or of
≥110 bpm.
Conclusions: Defining tachycardia by a heart rate ≥100 bpm is sufficient for risk stratification of normotensive
patients with acute PE. The use of different heart rate thresholds for calculation of scores and algorithm does not
appear necessary.

1. Introduction

Acute pulmonary embolism (PE) is the most serious manifestation of
venous thromboembolism (VTE) and a major cause of mortality, mor-
bidity and hospitalization in Western countries [1]. Acute right

ventricular (RV) dysfunction due to pressure overload is the critical
determinant of outcome in acute PE. Accordingly, clinical symptoms
and signs of RV dysfunction such as persistent arterial hypotension, RV
dilatation an imaging modalities and elevated cardiac biomarkers in-
dicate a higher risk of early mortality [2,3]. Further, pulmonary artery
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obstruction due to embolized thrombotic material leads to an abrupt
increase in pulmonary vascular resistance and RV wall tension, con-
secutively resulting in inotropic and chronotopic cardiac stimulation to
maintain cardiac output [4,5]. Thus, tachycardia is an early indicator of
haemodynamic compromise and a reliable predictor of PE-related
complications in normotensive patients with acute PE. Consequently,
tachycardia is used as a risk marker in the majority of risk assessment
models such as the (simplified) Pulmonary Embolism Severity Index
([s]PESI), Bova and modified FAST score [6-9]. However, different
prognostic relevant thresholds for tachycardia have been proposed in
these different risk assessment models. In the derivation study of the
PESI, a heart rate ≥110 beats per minute (bpm) was identified as
predictor of 30-day all-cause mortality. On the other hand, the FAST
score identified a heart rate of ≥100 bpm as prognostic relevant
[10,11]. In the current European Society of Cardiology (ESC) [12] and
American College of Chest Physicians (ACCP) [13] guidelines a re-
commendation on which heart rate threshold to use is missing.

The aim of the present study was to investigate the prognostic value
of different tachycardia thresholds and to compare their impact on the
prognostic performance of different scores and algorithm used for risk
stratification of normotensive patients with acute PE.

2. Material and methods

2.1. Patient cohort and study design

Consecutive normotensive patients aged≥18 years with objectively
confirmed acute PE were included in the observational multicentre
Italian Pulmonary Embolism Registry (IPER) between January 2006
and November 2010 and in the single-centre Pulmonary Embolism
Registry of Göttingen (PERGO) between October 2005 and January
2018. The study protocols have been described in detail before [14,15].
Patients were excluded from the present analysis if they fulfilled at least
one of the following criteria: 1) missing heart rate, 2) missing troponin
plasma concentrations on admission or 3) missing information on RV
function on transthoracic echocardiography (TTE) or computed tomo-
graphy pulmonary angiography (CTPA). In PERGO, the assessment of
RV dysfunction was based on TTE and/or CTPA. RV dysfunction on TTE

was defined as RV/LV end-diastolic diameter ratio >1.0 combined with
absence of the inspiratory collapse of the inferior vena cava or a RV/RA
pressure gradient >30 mmHg, in the absence of significant left ven-
tricular (LV) or mitral valve disease. RV dysfunction on (diagnostic)
CTPA was defined as RV/LV axial diameter ratio ≥1.0 [7].

In IPER, RV dysfunction was assessed on TTE. RV dysfunction was
defined as at least one of the following findings: 1) RV/LV end-diastolic
diameter ratio >1.0 in apical 4-chamber view; 2) RV/LV end-diastolic
diameter ratio >0.6 in parasternal long-axis or subcostal 4-chamber
view; 3) RV/RA pressure gradient >30 mmHg. Signs of RV dysfunction
were not considered acute in the presence of RV wall thickness >7 mm
or documentation of RV enlargement or pulmonary hypertension at
previous examinations [14].

TTE was performed as soon as possible after admission and results
of RV function were only included in the analysis, if it was done within
48 h after PE diagnosis. Troponin elevation was defined as troponin I or
troponin T plasma concentrations above the assay-specific cut-off value,
respectively. In the IPER registry, several ECG parameters were col-
lected. Amongst these, the presence of tachycardia was documented,
but not the exact heart rate in beats per minute. Thus, for the current
analysis, we used heart rate assessed on clinical examination (auscul-
tation) and not from ECG. In PERGO, heart rates were obtained from
ECG performed on admission / at the time of diagnosis of PE.

Patients were stratified post-hoc in risk classes according to the
sPESI [16], the modified FAST [7] and Bova score [6,17] and the al-
gorithm proposed by the ESC 2019 guidelines [12]. For calculation of
all algorithms and scores, missing values were considered to be normal
[18].

All patients were followed for the in-hospital stay. The primary
outcome was an in-hospital adverse outcome defined as PE-related
death, need for mechanical ventilation, cardiopulmonary resuscitation
or the administration of catecholamines (except for dopamine at an
infusion rate of ≤5 µg/kg of body weight per minute). The secondary
outcome was in-hospital all-cause death.

Treatment decisions were made by the physicians caring for the
patient according to current guidelines and local standard operating
procedures and were not influenced by the study protocol. Study results
were not communicated to the clinicians and thus not used to guide the

Table 1
Baseline characteristics, medical history and initial presentation of 1567 normotensive patients with pulmonary embolism stratified according a heart rate of
100 bpm.

All study patients (n = 1567) Heart rate ≥100 bpm (n = 688) Heart rate <100 bpm (n = 879) p-value

Sex (male) 723/1567 (46.1%) 290/688 (42.2%) 433/879 (49.3%) 0.006
Age (years) 72 (59–79) 71 (57–79) 72 (61–79) 0.107
Risk factors for VTE and comorbidities
Previous VTE 375/1566 (23.9%) 154/688 (22.4%) 221/878 (25.2%) 0.210
Cancer* 297/1557 (19.1%) 140/684 (20.5) 157/873 (18.0%) 0.218
Chronic pulmonary disease 273/1566 (17.4%) 88/687 (12.8%) 185/879 (21.0%) <0.001
Chronic left heart disease 144/1566 (9.2%) 50/687 (7.3%) 94/879 (10.7%) 0.022
Symptoms and clinical findings on admission
Syncope 209/1564 (13.4%) 100/686 (14.6%) 109/878 (12.4%) 0.231
Systolic blood pressure (mmHg) 130 (120–144) 130 (110–140) 130 (120–145) <0.001
Mild hypotension† 37/1567 (2.4%) 19/688 (2.8%) 18/879 (2.0%) 0.403
Hypoxia†† 742/1129 (65.7%) 397/529 (75.0%) 345/600 (57.5%) <0.001
RV dysfunction on imaging 1075/1567 (68.6%) 548/688 (79.7%) 509/879 (57.9%) <0.001
Elevated troponin 611/1567 (39.0%) 368/688 (53.5%) 243/879 (27.6%) <0.001
Treatment and Outcomes
Thrombolysis 157/1565 (10.0%) 98/688 (14.2%) 59/877 (6.7%) <0.001
Adverse outcome 78/1567 (5.0%) 52/688 (7.6%) 26/879 (3.0%) <0.001
PE-related death 30 /1567 (1.9%) 23/688 (3.3%) 7/879 (0.8%) <0.001
All-cause death 61/1567 (3.9%) 41/688 (6.0%) 20/879 (2.3%) <0.001
In-hospital stay (days) 8 (5–13) 9 (6–14) 8 (4–12) <0.001

⁎ defined as active or anti-tumour therapy within the last 6-months, or metastatic state.
† defined as systolic blood pressure between 90 and 100 mmHg on admission.
†† defined as oxygen saturation <90%
Bold values indicate statistical significance (p<0.05).
Abbreviations: VTE, venous thromboembolism; PE, pulmonary embolism; bpm, beats per minute; RV, right ventricular.
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patient management or to monitor the effects of treatment at any time.
The study protocol was conducted in accordance with the amended
Declaration of Helsinki and was approved by the local independent
Ethic Committees at the study centres, and all patients gave informed
written consent for participation in the study.

2.2. Statistical analysis

The Fisher´s exact test or the Chi2 test were used to compare cate-
gorical variables, which are expressed as absolute numbers or percen-
tages. Continuous variables were found not to follow a normal dis-
tribution if tested with the modified Kolmogorov-Smirnov test
(Lilliefors test); therefore, these variables are expressed as medians with
the corresponding interquartile range (IQR) and were compared using
the unpaired Mann-Whitney-U test. Receiver operating characteristics
(ROC) curve analysis was performed to determine the area under the
curve (AUC) of algorithms and scores (absolute points) with regard to
study outcomes. To allow comparison of algorithms and scores, the
three-level ESC 2019 algorithm and Bova score were dichotomized as
low- and intermediate-low-risk (“low-risk”) versus intermediate-high-
risk (“intermediate-high-risk”). Comparison of the prognostic perfor-
mance of dichotomous algorithms and scores was performed by cal-
culation of sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV). The prognostic relevance of dichot-
omous algorithms and scores as well as single predictors with regard to
study outcomes was tested using univariate logistic regression analysis
and presented as Odds ratios (OR) with corresponding 95% confidence
intervals (CI). A two-sided significance level of α<0.05 was defined
appropriate to indicate statistical significance. Statistical analyses were
performed using the SPSS software (version 21.0, SPSS Inc., Chicago,
Illinois, USA).

3. Results

3.1. Baseline findings and clinical outcomes

Between January 2005 and November 2018, 2273 normotensive
patients ≥18 years with objectively confirmed PE were included in two
registries. Of those, 706 (30.1%) patients were excluded from the pre-
sent analysis because of missing information on heart rate, troponin
plasma concentrations or RV function on TTE / CTPA (Figure S1 in the
supplementary material). Thus, 1567 PE patients (median age: 72
[IQR, 59–79] years; males: 46.1%) were analysed and their baseline
characteristics are shown in Table 1, left column. Troponin plasma
concentrations were elevated in 611 (39.0%) patients, RV dysfunction
was detected on imaging in 1075 (68.6%) patients and 157 (10.0%)
patients received systemic thrombolysis. In PERGO, RV function was
evaluated in 362 (51.8%) patients by CTPA alone and in 194 (27.7%)
patients by TTE alone. In 143 (20.5%) patients, both imaging mod-
alities were performed to assess RV function. In 26 (3.7%) patients
included in PERGO and in 75 (8.6%) patients included in IPER, the
diagnosis of PE was based on ventilation / perfusion (V/P) lung scin-
tigraphy. During the in-hospital stay, 78 (5.0%) patients had an adverse
outcome and 61 (3.9%) patients died; PE was the cause of death in 30
(1.9%) patients.

3.2. Prognostic performance of different heart rate thresholds

Overall, 688 (43.9%) patients had a heart rate ≥100 bpm and 432
(27.6%) patients a heart rate ≥110 bpm. Patients with tachycardia
(heart rate ≥100 bpm) presented more often with signs indicating se-
vere PE such as hypoxia, elevated troponin levels and RV dysfunction
on imaging, received more often systemic thrombolysis and reached
more often the primary and secondary outcome compared to patients
with a heart rate <100 bpm (Table 1, right column). Similar findings
were obtained if tachycardia was defined by a heart rate ≥110 bpmTa
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(Table S1, right column). As shown in Table 2a, a heart rate
≥100 bpm was associated with a prognostic sensitivity of 67%, a
specificity of 57%, a PPV of 8% and a NPV of 97% for reaching the
primary outcome. The rate of an adverse outcome increased with in-
creasing heart rate (Table 2a). Using univariate logistic regression
analysis, patients with a heart rate ≥100 bpm and ≥110 bpm had the
highest risk of an adverse outcome compared to patients stratified ac-
cording other heart rate thresholds (Table 2a).

3.3. Comparison of algorithms and scores calculated by the use of different
heart rate thresholds

Using a heart rate threshold of ≥100 bpm, scores and algorithm
classified a smaller number of patients in the low-risk classes compared
to scores and algorithm calculated by the use of a heart rate threshold of
≥110 bpm (Fig. 1a). The rate of an in-hospital adverse outcome was
similar in scores and algorithm calculated based on a heart rate
threshold of ≥100 bpm compared to ≥110 bpm (Fig. 1b). ROC ana-
lyses revealed a similar AUC with regard to an adverse outcome for
scores and algorithm calculated using a heart rate of ≥100 bpm and of
≥110 bpm (Table 2b and Fig. 2). Patients stratified to the intermediate-
high risk classes by scores calculated with a heart rate ≥100 bpm had a
slightly higher risk for an adverse outcome compared to scores calcu-
lated with a heart rate ≥110 bpm, except of the ESC 2019 algorithm
(Table 2b). Patients classified in low-risk classes by the modified FAST
and the Bova score showed a lower rate of in-hospital adverse outcomes
if using a heart rate threshold of≥100 bpm for calculation compared to
≥110 bpm (Fig. 1b).

4. Discussion

We performed a post-hoc analysis of a pooled Italian multicentre
and German single-centre registry to investigate the prognostic value of
different tachycardia thresholds and to compare their impact on the
prognostic performance of different established scores and algorithm
used for risk stratification in 1576 in normotensive patients with PE.
The main study finding can be summarized as follows: defining ta-
chycardia by a heart rate ≥100 bpm demonstrated good prognostic

performance for accurate risk assessment of PE-related complications
across all scores and algorithm.

In patients with acute PE who appear haemodynamically stable at
diagnosis, single parameters have not been shown to predict risk of an
in-hospital adverse outcome that could be considered high enough to
justify reperfusion treatment. Thus, during the past years, multiple al-
gorithm and scores have been developed to optimize risk stratification
of the large patient subgroup with normal blood pressure and hetero-
geneous short-term prognosis. The majority of studies focused on the
prognostic importance of different definitions of RV dysfunction on
imaging testing [19,20] and prognostic relevant cut-off values of la-
boratory cardiac biomarkers [18,21-24]. Interestingly, most risk as-
sessment models (such as the [s]PESI, Bova and modified FAST score)
developed aiming to identify PE patients with a higher risk of short-
term complications include tachycardia as a prognostic relevant vari-
able [6,7,11,25]. However, thresholds for defining tachycardia are
heterogenous in those risk assessment models. While the (s)PESI and
Bova score use a heart rate threshold of 110 bpm, the modified FAST
score uses the “textbook definition” of tachycardia defined by a heart
rate ≥100 bpm. Large studies investigating the optimal heart rate
thresholds for risk assessment in patients with acute PE are lacking.
While Aujesky et al. demonstrated in a derivation and validation study
with 15531 PE patients that a heart rate of ≥110 bpm is an important
prognostic predictor with an 1.8-fold increased risk for 30-day all-cause
mortality [16], smaller cohort studies identified a heart rate of
≥100 bpm to predict PE-related complications associated with a 4.5 to
8.3-fold risk for an in-hospital adverse outcome [7,11,26,27]. In the
present study, patients with a heart rate≥100 bpm and≥110 bpm had
a 2.7 and 2.4-fold increased risk for an in-hospital adverse outcome,
respectively.

As recommended by the current ESC 2019 guidelines, the use of
clinical prediction rules integrating PE severity and comorbidity, pre-
ferably the (s)PESI, should be considered for risk assessment in the
acute phase in normotensive PE patients [12,28]. Further, in patients
without haemodynamic instability, the use of validated scores com-
bining clinical, imaging and laboratory PE-related prognostic factors
(such as the Bova or modified FAST score) may be considered to further
stratify the severity of the acute PE episode. The Bova score was

Fig. 1. Performance of algorithms and score calculated by the use of different heart rate thresholds for risk assessment of acute PE.
Classification in risk classes (A) and rate of an in-hospital adverse outcome (B)
Abbreviations: sPESI, simplified Pulmonary Embolism Severity Index, ESC, European Society of Cardiology; Mod., modified; FAST, H-FABP, syncope, tachycardia; H-
FABP, heart-type fatty acid-binding protein.
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recently validated in a prospective study: Patients classified in stage III
(>4 points, intermediate-high-risk) had a 6.5-fold increased risk for an
adverse outcome (95% CI 3.1–13.5; p<0.001) as compared to patients
stratified to stages I or II [29]. In the present study, patients classified to
stage III by the Bova score had a 2.6-fold increased risk for an in-hos-
pital adverse outcome. Importantly, similar results were obtained if
tachycardia was defined as heart rate ≥100 bpm for calculation of the
Bova score. The modified FAST score indicated a nearly 16-fold and 2.8-
fold increased risk for PE-related complications if at least two para-
meters were positive (intermediate-high risk) in the derivation and
validation study, respectively [7,9]. Regardless of the heart rate
threshold, in the present study, the modified FAST score demonstrated
a good prognostic performance for the prediction of an in-hospital ad-
verse outcome. Although patients stratified to the low-risk class by the
modified FAST and the Bova score had a slightly lower rate of com-
plications if a heart rate threshold of ≥100 bpm compared to a
threshold of ≥110 bpm was used, the rate of an adverse outcome re-
mained >1.0%. These findings may be explained by the fact that those
scores, which were specifically developed to identify patients at higher
risk for PE-related complications (and not to identify low-risk patients),
do not consider relevant comorbidities such as cancer or cardio-
pulmonary diseases. Congruently, in the present study, the ESC 2019
algorithm (that considers comorbidities since included in the [s]PESI)
classified a lower number of patients as low-risk compared to the other
scores. More importantly, the ESC 2019 algorithm allowed safe iden-
tification of low-risk patients with a complication rate <1.0% regard-
less whether a heart rate threshold of ≥100 bpm or ≥110 bmp was
used for calculation of the sPESI.

Strengths of our study include the multicentre prospective design
and the large sample size. However, our study has limitations that de-
serve consideration: First, due to the observational study design, only
patients with troponin measurements were included; thus, the number
of low-risk patients might have been underestimated. Second, the rate
of patients with PE-related death (1.9%) was lower compared to other
cohort studies limiting the power of statistical analyses [7,17]. Fur-
thermore, due to missing troponin levels and RV assessment a large
number of patients (31.1%) were excluded. However, excluded patients
were compared to non-excluded patients (Figure S2 in the supple-
mentary material) without revealing relevant differences in baselineTa
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Fig. 2. Receiver operating characteristic analysis of scores and algorithm cal-
culated by the use of different heart rate thresholds regarding an in-hospital
adverse outcome.
Original score or algorithm = solid lines
Modified (use of alternative heart rate threshold) score or algorithm = dashed
lines
Abbreviations: sPESI, simplified Pulmonary Embolism Severity Index, ESC,
European Society of Cardiology; Mod., modified; FAST, H-FABP, syncope, ta-
chycardia; H-FABP, heart-type fatty acid-binding protein; HR, heart rate; AUC,
area under the curve, CI, confidence interval.
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characteristics or outcome.

5. Conclusion

In conclusion, the present study demonstrates that defining tachy-
cardia by a heart rate of ≥100 bpm used for calculation of scores and
algorithms allows accurate risk stratification of normotensive patients
with acute PE. The use of different heart rate thresholds for calculation
of scores and algorithm for risk stratification does not appear necessary.
This appears of special clinical importance since the availability of
different clinical prediction scores and novel biomarkers allowing the
prediction of PE-related complications, has made risk stratification of
haemodynamically stable PE patients more complex for treating phy-
sicians. A uniform definition of tachycardia (by a heart rate≥100 bpm)
may help simplifying the complexity of current risk assessment strate-
gies of normotensive patients with acute PE.
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