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A B S T R A C T

Introduction: Sex-specific differences regarding risk factors, symptoms and prognosis have been reported for
several cardiovascular diseases. For patients with pulmonary embolism (PE), sex-specific data are limited and
inconsistent. We aimed to investigate sex-specific differences in PE.
Materials and methods: Over a 10-year period (01/2003–09/2013), patients with confirmed PE were enrolled in
a prospective single-centre cohort study.
Results: We prospectively examined 569 PE patients (55.9% women). Men more often had cancer (20.7% vs.
13.5%, p= 0.024) and unprovoked PE (61.0% vs. 47.5%, p=0.001) while women more frequently presented
with risk factors for venous thromboembolism such as older age (median, 71 [IQR, 55–79] vs. 67 [53–75] years,
p= 0.008), surgery/trauma/immobilisation (38.4% vs. 29.5%, p= 0.026) and sex-hormone therapy (14.8% vs.
0.8%, p < 0.001).

Overall, 84 patients (14.8%) had an adverse 30-day outcome and 43 (7.6%) died within 30 days; outcomes
did not differ between males and females and were not influenced by the patients' sex. Risk stratification markers
and models such as right ventricular dysfunction on TTE/CT, cardiac troponin, sPESI, Bova score and 2014 ESC
guidelines algorithm predicted adverse outcome in normotensive female patients only, while tachycardia, hy-
poxia, NT-proBNP and modified FAST score were able to predict an adverse outcome in both sexes. Using sex-
specific biomarker cut-off values, the 2014 ESC guidelines algorithm was able to predict adverse outcome in both
sexes.
Conclusions: The 30-day adverse outcomes did not differ between male and female PE patients and were not
influenced by the patients' sex despite sex-specific differences in the prognostic performance of risk stratification
markers/models.

1. Introduction

Sex-specific differences in cardiovascular diseases (CVD) are well
known [1–6]. Male sex increases both, the risk for CVD (particularly

coronary artery disease [CAD]) [1,7] and stroke [3]) and the risk for
fatal outcomes in CVD [4,7]. Although women and men share most
cardiovascular risk factors, the relative importance of these factors in
both sexes is different [5]. Meanwhile it is increasingly acknowledged
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that women with acute coronary syndrome (ACS) frequently present
with atypical symptoms such as epigastric pain, indigestion-like
symptoms or isolated dyspnoea [1,5,8,9] and the evaluation of women
with symptoms suggestive of CAD is hampered by the definition of
“typical” angina, derived from largely male dominated studies [5,8].
Lack of awareness for CAD in women resulted in an underuse of in-
vasive procedures for CAD and ACS [1,4,7,8] associated with poorer
outcome [4,8]. Similarly, thrombolytic treatment for ischemic stroke
was less common in female patients resulting in less favourable out-
come [10]. Therefore, the American Heart Association (AHA) and the
World Heart Federation have started an international awareness cam-
paign dedicated to sex-specific differences in CVD [6].

Despite this increasing body of evidence regarding sex-related dif-
ferences in CVD, current available data on sex-related disparities in
pulmonary embolism (PE) are limited and controversial. The nation-
wide inpatient sample of the United States of America (with> 276,000
patient discharge files) showed a higher incidence of PE in females
compared to males [11]. In accordance, in most large registries females
represented the majority of patients enrolled [12–15]. Most studies
congruently reported that women were older at the PE event [11–14]
and presented more frequently with dyspnoea while haemoptysis was
more often observed in men [12,16]. Some studies demonstrated that
cancer was more prevalent in male PE patients [13,16], while others
did not [12]. As in CVD [4,8,10,17], women appeared to be at higher
risk for short-term mortality after acute PE compared to men [11,18].
However, data on the prevalence and prognostic relevance of indicators
of PE severity such as signs of right ventricular (RV) injury or dys-
function never were considered for comparison in male and female PE
patients.

Therefore, in the present study we aimed i) to investigate whether
females present with “atypical” symptoms and the impact of symptoms
and initial presentation on treatment and outcome and ii) to compare
the prognostic performance of risk stratification markers and models in
males and females in a real-world cohort of PE patients.

2. Methods

2.1. Study design and definitions

Consecutive patients aged 18 years or older diagnosed with acute PE
at the University Medical Center Göttingen, Germany between January
2003 and September 2013 were enrolled in an ongoing, observational,
prospective cohort study (Pulmonary Embolism Registry of Göttingen
[PERGO]). The study protocol has been described in detail previously
[19]. Diagnostic and therapeutic management was in accordance with
(at this time) current guidelines. Although all related decisions were left
to the discretion of the treating physicians and were not influenced by
the study protocol, performance of a transthoracic echocardiography
(TTE) was strongly recommended within 48 h. Complete baseline data
on clinical, electrocardiographic, echocardiographic, radiologic and
laboratory parameters were obtained on admission/time of PE diag-
nosis using a standardised questionnaire case report form.

As shown in Fig. S1 in the Supplementary material, patients were
excluded from analysis if they fulfilled at least one of the following
criteria: 1) withdrawal of prior given consent for participation in the
study, 2) PE event was an asymptomatic or incidental finding in the
diagnostic process for other suspected diseases, 3) acute left heart or
respiratory failure responsible for symptoms and initial presentation,
and 4) missing data.

All patients were stratified into risk classes according to the sim-
plified Pulmonary Embolism Severity Index (sPESI) (high- and low-risk)
and the algorithm proposed by the European Society of Cardiology
(ESC) 2014 guidelines [20] (high-, intermediate-high-, intermediate-
low- and low-risk). Additionally, normotensive patients were further
stratified using the Bova score [21] (high-, intermediate- and low-risk)
and the modified FAST score [22] (high- and low-risk). For calculation

of the scores, missing values were considered to be normal.
Biomarker elevation was defined as elevated cardiac troponin (cTn)

(high sensitive troponin T [hsTnT] ≥14 pg/ml, high sensitive troponin
I [hsTnI] ≥13 pg/ml in females and ≥33 pg/ml in males or cardiac
troponin T [cTnT] ≥0.03 ng/ml) or elevated N-terminal pro-brain na-
triuretic peptide (NT-proBNP) levels ≥600 pg/ml; RV dysfunction was
defined as i) RV dilatation (end-diastolic RV diameter≥ left ventricular
[LV] diameter) or end-diastolic RV diameter> 30mm combined with
absence of the inspiratory collapse of the inferior vena cava on TTE or
ii) RV/LV ratio ≥1.0 on computed tomography (CT). Tachycardia was
defined as heart rate ≥100 beats per minute, hypoxia as oxygen sa-
turation<90% or partial oxygen pressure< 60mmHg (8 kPa) in ar-
terial blood gas analysis and renal insufficiency as glomerular filtration
rate< 60ml/min/1.73m2 body surface area.

All patients provided written informed consent for participating in
the study. The local ethics board (ethics committee of the University
Medical Center Göttingen, Göttingen, Germany; application numbers
11/5/02 and 14/6/10) approved the study protocol and the study
conforms to Good Clinical Practice and Good Epidemiological Practice
and the principles outlined in the Declaration of Helsinki.

2.2. Study outcome and follow-up

All patients were followed for 30 days. An adverse outcome (pri-
mary study outcome) was defined as PE-related death, need for me-
chanical ventilation, cardiopulmonary resuscitation or administration
of catecholamines (except for dopamine at an infusion rate of ≤5 μg/kg
body weight/min). The secondary study outcome was all-cause death.
Death was determined to be PE-related if either confirmed by autopsy
or following a clinically severe episode of acute PE in absence of an
alternative diagnosis. All events and causes of death were in-
dependently adjudicated by two of the authors (K.K. and L.R.) and
disagreement was resolved by a third author (M.L.). Recurrent PE was
confirmed according (at this time) current guidelines. Major bleeding
was defined as fatal and/or symptomatic bleeding in a critical area or
organ and/or bleeding causing a fall in haemoglobin level of ≥2 g/dl or
transfusion of ≥2 units of erythrocyte concentrates [23].

2.3. Statistical analysis

Descriptive statistics for baseline comparisons of both sexes were
provided as median and interquartile range (IQR) for continuous vari-
ables or absolute numbers and corresponding percentages for catego-
rical variables. All continuous variables were found not to follow a
normal distribution tested with the modified Kolmogorov-Smirnov test
(Lilliefors test) and therefore were compared using the Mann-Whitney
U test. Categorical variables were compared using the Fisher's exact or
chi2-test, as appropriate.

We analysed associations between several predefined parameters
(such as symptoms, VTE risk factors, comorbidities and risk stratifica-
tion markers and models) and both, an adverse outcome and all-cause
death with univariate logistic regression analyses in all normotensive
patients, as well as in normotensive female and male patients sepa-
rately. Odds ratios (OR) are given with the corresponding 95% con-
fidence intervals (CIs).

We used directed acyclic graphs (DAGs) for i) graphic display of
associations between risk stratification markers and an adverse out-
come (separately for normotensive women and men) and for ii) iden-
tification of variables to be included in multivariate regression models
and bias assessment. DAGs are frequently used to calibrate and choose
the degree of adjustment and to avoid over-adjustment [24,25]. Based
on pathophysiological considerations [20,26] we supposed that acute
RV dysfunction on TTE/CT would have the strongest impact on out-
come and therefore defined it as reference “exposure” variable; further
risk stratification markers were added to the model and identified as
“ancestors of outcome” and/or “ancestor of exposure”, respectively. To
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test the independence of the prognostic value of parameters univariably
associated with an adverse outcome, head-to-head comparisons in-
cluding two variables each in multivariable logistic models were per-
formed. Receiver operating characteristics (ROC) curves were calcu-
lated for risk stratification markers and models with regard to an
adverse outcome in women and men, respectively, and the area under
the curve (AUC) is presented with the corresponding 95% CI. Sensi-
tivity, specificity, negative (NPV) and positive predictive values (PPV)
were computed for dichotomised risk stratification markers and models.
Additionally, patient cohort-optimised sex-specific cut-off values of
continuous and categorical risk stratification markers and models with
regard to an adverse outcome were calculated based on ROC analyses
using Youden index quantification. The global significance level was set
to αglobal= 5%. Additionally, Bonferroni-Holm method was used for
baseline comparison between male and female patients resulting in
local significance levels of αlocal= 0.18% for all patients and
αlocal= 0.17 for normotensive PE patients. The softwares SPSS® (ver-
sion 22.0; SPSS Inc., Chicago, Illinois, USA) and DAGitty version 2.3
software [27] were used.

3. Results

During the 10-year study period, 600 patients with acute PE were
enrolled in PERGO and 569 patients (94.8%) included in the present
analysis (Fig. S1 of the Supplementary material). Diagnosis of PE was
confirmed in 504 patients (88.3%) by CT pulmonary angiography, in 52
(9.1%) by ventilation-/perfusion- lung scintigraphy (showing perfusion
defects in ≥2 segments in 93.5% of the female and 95.0% of the male
patients), in 5 (0.9%) by pulmonary angiography and in 29 (5.1%) by
TTE showing mobile thrombi in the right atrium or ventricle or in the
proximal portions of the pulmonary artery, or acute RV dysfunction in
haemodynamic unstable patients. Overall, 21 patients (3.7%) had more
than one diagnostic imaging procedures. A TTE was performed in 384
patients (67.3%) within 48 h after admission.

Patients' characteristics at baseline are presented in Table 1. The
majority of patients was of female sex (318 [55.9%] vs. 251 [44.1%],
p=0.098). Although almost 60% of patients< 50 years were female,
in total, females were older compared to males (median, 71 [IQR,
55–79] vs. 67 [53–75] years; p= 0.008) (Fig. S2 of the Supplementary
material).

3.1. Men and women present with similar symptoms

Unprovoked PE was more frequently present in males, explained by
a higher frequency of transient VTE risk factors such as trauma, surgery
or immobilisation and sex hormone (replacement) therapy in females.
Comorbidities of the present cohort showed real-world distribution
with a higher prevalence of cancer and CAD in men and rheumatoid
arthritis and renal insufficiency in women (Table 1, left columns). Of
note, after using the Bonferroni-Holm correction, only the variables
contraceptives or sex hormone (replacement) therapy, unprovoked PE
and CAD remained significantly different between both sexes. Overall,
95 patients (16.7%) had active cancer. The most prevalent cancer types
in females and males are shown in Fig. S3 of the Supplementary ma-
terial.

In contrast to the study hypothesis expecting more “atypical”
symptoms in women, we observed only small sex-related differences:
Women presented slightly more frequently with dyspnoea, whereas
men had more often haemoptysis. Interestingly, no sex-specific differ-
ences were observed in the number of patients presenting with chest
pain, although men more often had CAD (Table 1, left columns). Risk
stratification markers such as tachycardia, RV dysfunction on TTE and
NT-proBNP plasma concentrations ≥600 pg/ml were more frequently
present in women than in men (Table 1, left columns). However, if
patients were stratified to risk classes using the 2014 ESC guidelines
algorithm, no significant sex-related differences were observed (Fig. S4

of the Supplementary material).

3.2. Sex-specific differences in the prognostic performance of risk
stratification markers and models

In total, 84 patients (14.8%) had an adverse outcome and 43 pa-
tients (7.6%) died; of those, 36 deaths (83.7%) were related to PE.
Additionally, 9 patients (1.6%) had recurrent PE during the in-hospital
stay. Thirty-day outcomes did not differ between males and females
(Table S1 of the Supplementary material, left columns) and were con-
sequently not influenced by sex (adverse outcome: OR, 1.12 [95% CI,
0.70–1.80]; p= 0.625; all-cause death: OR, 1.10 [0.59–2.07];
p= 0.757). Unsurprisingly, the 30-day all-cause mortality rate was
highest in high-risk patients (44.7% in females and 40.0% in males,
p= 0.695).

To investigate and compare the prognostic performance of markers
and models for risk stratification in male and female patients, further
analyses were based on 501 normotensive patients (88.0% of the
overall cohort). Female patients showed a higher frequency of tachy-
cardia, hypoxia, RV dysfunction on TTE and elevated NT-proBNP levels
and were thus more often classified to the intermediate-high-risk class
according the 2014 ESC guidelines algorithm (39.6% vs. 30.8%,
p=0.042) (Table 1, right columns). As shown in Table S1 of the
Supplementary material (right columns), 31 normotensive patients
(6.2%) had an adverse outcome and 14 (2.8%) died during the first
30 days. Again, no differences were observed between male and female
patients regarding 30-day outcomes and patients' sex had neither an
impact on adverse outcome (OR, 1.10 [0.53–2.30]; p= 0.801) nor on
all-cause mortality (OR, 1.05 [0.36–3.08]; p= 0.924). Predictors of an
adverse outcome in normotensive patients are shown in Table 2. In-
terestingly, tachycardia, hypoxia, NT-proBNP and the modified FAST
score were the only variables able to predict an adverse outcome in
both sexes. DAGs illustrate sex-specific differences in the prognostic
importance of risk stratification markers regarding an adverse outcome
in female (Fig. 1A) and male (Fig. 1B) patients. The initial assumption
that acute RV dysfunction on TTE/CT is the most powerful risk strati-
fication marker for the prediction of an adverse outcome in both sexes
had to be rejected. Instead, RV dysfunction on TTE/CT, elevated cTn
levels and syncope were predictors of an adverse outcome in females
only. Since age influenced cTn in both sexes, NT-proBNP and RV dys-
function on TTE/CT in females and cardiopulmonary disease in males,
age was added to the subsequent multivariate regression models. The
results of the multivariable logistic regression analyses using head-to-
head comparisons of variables identified by DAGs and adjusted for age
are shown in Table S2 of the Supplementary material. Summarising
these findings, only tachycardia was identified as an independent pre-
dictor of an adverse outcome in both sexes.

As shown in Table 3, risk stratification markers and models using
established cut-off values were associated with a better prognostic
performance in women than in men. While all risk stratification mar-
kers and models were characterised by high NPVs, PPVs and specificity
remained low, respectively. To optimise the prognostic performance of
risk stratification markers, we calculated sex-specific optimal cut-off
values for hsTnT (men: ≥17 pg/ml; women: ≥32 pg/ml), NT-proBNP
(men: ≥770 pg/ml; women: ≥1712 pg/ml) and RV/LV ratio on CT
(men: ≥1.2; women: ≥1.3) (Table S3 in the Supplementary material).
While sex-specific thresholds were associated with slightly higher spe-
cificity but did not improve the overall prognostic performance in men,
a sex-specific RV/LV ratio cut-off value was able to predict an adverse
outcome in women (OR, 6.00 [95% CI, 1.52–23.70]; p= 0.011). Use of
sex-specific biomarker cut-off values for stratification of male patients
into risk classes according the 2014 ESC guidelines algorithm helped to
improve its prognostic performance (OR, 5.81 [95% CI, 1.49–22.73];
p= 0.011 for intermediate-high-risk patients compared to inter-
mediate-low- and low-risk patients; Table S3 of the Supplementary
material).
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Table 1
Baseline characteristics, medical history and baseline findings of study patients (stratified according sex).

Parameters All study patients Normotensive patients

All study
patients
(n=569)

Females
(n= 318;
55.9%)

Males (n=251;
44.1%)

p-Value Normotensive
patients (n= 501)

Females
(n= 280;
55.9%)

Males
(n=221;
44.1%)

p-Value

Age (years) 69 (54–77) 71 (55–79) 67 (53–75) 0.008 69 (54–77) 71 (55–79) 68 (53–75) 0.017
BMI (kg/m2) 27.4

(24.2–31.1),
n= 553

27.3
(23.3–31.6),
n=308

27.6
(24.9–30.5),
n= 245

0.562 27.4 (24.2–30.9),
n= 497

27.3
(23.5–31.6),
n= 275

27.5
(25.0–30.1),
n= 216

0.468

Hospital stay (days) 10 (7–15) 10 (7–15) 10 (6–15) 0.702 10 (7–15) 11 (7–15) 10 (7–14) 0.118

VTE risk factors
History of VTE 158 (27.9%),

n= 567
89 (28.1%),
n=317

69 (27.6%),
n= 250

0.925 148 (29.5%) 84 (30.0%) 64 (29.0%) 0.844

Surgery, trauma or immobilisationa 195 (34.5%),
n= 566

121 (38.4%),
n=315

74 (29.5%) 0.026 165 (32.9%) 103 (36.8%) 62 (28.1%) 0.039

Cancerb 95 (16.7%) 43 (13.5%) 52 (20.7%) 0.024 88 (17.6%) 40 (14.3%) 48 (21.7%) 0.033
Contraceptives or sex hormone

(replacement) therapy
49 (8.6%),
n= 568

47 (14.8%),
n=317

2 (0.8%) <0.001 46 (9.2%) 45 (16.1%) 1 (0.5%) <0.001

Unprovoked PEc 304 (53.4%) 151 (47.5%) 153 (61.0%) 0.001 270(53.9%) 133 (47.5%) 137 (62.0%) 0.001

Comorbidities
Chronic (left) heart failure 101 (17.8%) 57 (17.9%) 44 (17.5%) 0.913 82 (16.4%) 47 (16.8%) 35 (15.8%) 0.809
Coronary artery disease 106 (18.6%) 43 (13.5%) 63 (25.1%) 0.001 87 (17.4%) 33 (11.8%) 54 (24.4%) <0.001
Chronic lung diseased 81 (14.2%) 43 (13.5%) 38 (15.1%) 0.692 69 (13.8%) 37 (13.2%) 32 (14.5%) 0.697
Renal insufficiency 200 (35.7%),

n= 560
123 (39.4%),
n=312

77 (31.0%),
n= 248

0.042 157 (31.8%),
n= 494

99 (36.0%),
n= 275

58 (26.5%),
n= 219

0.024

Diabetes mellitus 97 (17.0%) 58 (18.2%) 39 (15.5%) 0.433 83 (16.6%) 51 (18.2%) 32 (14.5%) 0.278
Rheumatoid diseasee 41 (7.2%),

n= 567
30 (9.5%),
n=317

11 (4.4%) 0.022 35 (7.0%),
n= 500

24 (8.6%) 11 (5.0%),
n= 220

0.157

Symptoms
Chest pain 294 (52.0%),

n= 565
161 (51.1%),
n=315

133 (53.2%),
n= 250

0.672 275 (55.0%),
n= 500

149 (53.2%),
n= 279

126 (57.0%) 0.469

Dyspnoea 487 (86.0%),
n= 566

280 (88.9%),
n=315

207 (82.5%) 0.037 438 (87.6%),
n= 500

250 (89.6%),
n= 279

188 (85.1%) 0.135

Haemoptysis 19 (3.4%),
n= 567

6 (1.9%),
n=316

13 (5.2%) 0.036 19 (3.8%) 6 (2.1%) 13 (5.9%) 0.035

Syncope 120 (21.1%) 65 (20.4%) 55 (21.9%) 0.608 74 (14.8%) 41 (14.6%) 33 (14.9%) 1.000
Onset of symptoms < 24 h 323 (56.8%) 184 (57.9%) 139 (55.4%) 0.609 255 (50.9%) 146 (52.1%) 109 (49.3%) 0.589

Risk stratification
Tachycardia 208 (37.5%),

n= 554
131 (42.3%),
n=310

77 (31.6%),
n= 244

0.010 179 (36.1%),
n= 496

114 (41.3%),
n= 276

65 (29.5%),
n= 220

0.008

Hypoxia 158 (31.7%),
n= 499

100 (35.2%),
n=284

58 (27.0%),
n= 215

0.053 121 (27.8%),
n= 435

79 (31.7%),
n= 249

42 (22.6%),
n= 186

0.040

RV dysfunction on TTE/CT 332(65.0%),
n= 511

194 (68.6%),
n=283

138(60.5%),
n= 228

0.059 278 (61.9%),
n= 449

161 (65.2%),
n= 247

117 (57.9%),
n= 202

0.115

RV dysfunction on TTE 198 (51.4%),
n= 385

124 (56.6%),
n=219

74 (44.6%),
n= 166

0.019 153 (46.5%),
n= 329

95 (51.4%),
n= 185

58 (40.3%),
n= 144

0.046

RV/LV ratio≥ 1.0 on CT 232 (67.8%),
n= 342

122 (71.3%),
n=171

110 (64.3%),
n= 171

0.165 204 (66.0%),
n= 309

109 (70.8%),
n= 154

95 (61.3%),
n= 155

0.078

Elevated cTnf 351 (63.9%),
n= 549

197 (63.5%),
n=310

154 (64.4%),
n= 239

0.858 304 (62.3%),
n= 488

169 (61.5%),
n= 275

135 (63.4%),
n= 213

0.663

NT-proBNP ≥600 pg/ml 292 (55.8%),
n= 523

181 (61.6%),
n=294

111 (48.5%),
n= 229

0.003 254 (54.5%),
n= 466

157 (60.4%),
n= 260

97 (47.1%),
n= 206

0.004

sPESI ≥1 point(s) 410 (72.1%) 236 (74.2%) 174 (69.3%) 0.197 342 (68.3%) 198 (70.7%) 144 (65.2%) 0.185
2014 ESC guidelines

algorithm
High-risk 68 (12.0%) 38 (11.9%) 30 (12.0%) 0.248 – – – –
Intermediate-
high-risk

178 (31.3%) 110 (34.6%) 68 (27.1%) 178 (35.5%) 110 (39.3%) 68 (30.8%) 0.127

Intermediate-
low-risk

261 (45.9%) 139 (43.7%) 122 (48.6%) 261 (52.1%) 139 (49.6%) 122 (55.2%)

Low-risk 62 (10.9%) 31 (9.7%) 31 (12.4%) 62 (12.4%) 31 (11.1%) 31 (14.0%)
Bova score > 4 points – – – – 85 (17.0%) 57 (20.4%) 28 (12.7%) 0.023
Modified FAST score ≥3 points – – – – 172 (34.3%) 103 (36.8%) 69 (31.2%) 0.193

Abbreviations: BMI indicates body mass index; VTE, venous thromboembolism; PE, pulmonary embolism; RV, right ventricular/ventricle; TTE, transthoracic
echocardiography; CT, computed tomography; LV, left ventricular/ventricle; cTn, cardiac troponin; NT-proBNP, N-terminal pro-brain natriuretic peptide; sPESI,
simplified Pulmonary Embolism Severity Index; ESC, European Society of Cardiology.
P-values< 0.05 are marked in bold.

a Within the past 4 weeks.
b Active or anti-tumour therapy within the last 6months, or metastatic state.
c In the absence of a temporary or reversible risk factor such as surgery, trauma, immobilisation, pregnancy/postpartal period, contraceptives or sex hormone

replacement therapy.
d Bronchial asthma, chronic obstructive lung disease, or interstitial lung diseases.
e Rheumatoid arthritis, granulomatosis with polyangiitis, systemic sclerosis or systemic lupus erythematosus.
f 308 of 462 patients had a high sensitive troponin T [hsTnT]≥14pg/ml, 52 of 82 patients had a high sensitive troponin I [hsTnI]≥13pg/ml in females and≥33pg/ml in

males and 112 of 299 patients had a cardiac troponin T [cTnT] ≥0.03 ng/ml; of note, in 274 patients (48.2%) cTn levels were determined with more than one cTn assay.
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As shown in Table S4 of the Supplementary material, only hypoxia
predicted all-cause mortality regardless of sex. RV dysfunction on TTE/
CT, elevated cTn, elevated NT-proBNP, the modified FAST score and
the 2014 ESC guidelines algorithm were of predictive value in female
PE patients only.

3.3. Impact of treatment on outcomes

The anticoagulation treatment at discharge is shown in Fig. S5 of
the Supplementary material). The majority of patients was treated with
vitamin K antagonists.

Overall, 123 patients (21.6%) received reperfusion therapy (sys-
temic thrombolysis or inclusion in the Pulmonary Embolism
Thrombolysis [PEITHO] study [28] and/or surgical embolectomy). Of
those, 16 patients received out-of-hospital systemic thrombolysis, 57
patients early systemic thrombolysis (within 24 h), two patients sec-
ondary systemic thrombolysis (> 24 h), 34 patients were included in
the PEITHO study and randomised to either single-bolus tenecteplase or
placebo and 14 patients underwent surgical embolectomy. No patient
received an inferior vena cava filter.

Although the proportion of high-risk patients was comparable in
both sexes (Table 1, left column), females were more often treated with
systemic thrombolysis compared to males (16.4% vs. 9.2%, p=0.013)
while no sex-related differences were observed regarding inclusion in
the PEITHO study or surgical embolectomy. The relative risk for an
adverse outcome of patients classified as high- and intermediate-high-
risk by the 2014 ESC guidelines algorithm was reduced by the use of
reperfusion therapy from 11.97 (95% CI, 6.18–23.17; p < 0.001) to
6.49 (95% CI, 3.23–13.06; p < 0.001); the effect was more pro-
nounced in females (reduction from 39.09 [95% CI, 9.29–164.40];
p < 0.001 to 23.43 [95% CI, 5.44–101.00]; p < 0.001) than in males

(reduction from 5.78 [95% CI, 2.57–12.98]; p < 0.001 to 2.69 [95%
CI, 1.07–6.78]; p= 0.036).

Major bleeding occurred in 41 patients (7.2%) and was more pre-
valent in females compared to males (10.1% vs. 3.6%, p= 0.003); no
patient died due to bleeding. Interestingly, major bleeding was a pre-
dictor of all-cause death in females (OR, 4.17 [95% CI, 1.59–10.94];
p= 0.004) but failed to reach statistical significance in males (OR, 4.04
[95% CI, 0.77–21.04]; p= 0.098).

4. Discussion

In this large prospective observational cohort study, we observed
sex-related differences regarding risk stratification and treatment, but
not regarding initial presentation and outcomes in acute PE. The key
study findings can be summarised as follows: i) in contrast to patients
with ACS, male and female PE patients present with similar symptoms,
ii) most risk stratification markers and models were not able to predict
an adverse outcome in men, iii) the prognostic performance of the 2014
ESC guidelines algorithm was improved by the use of sex-specific bio-
marker cut-off values in male patients, and iv) 30-day outcomes did not
differ between males and females and were not influenced by sex.

4.1. Sex-specific differences in comorbidities and initial presentation

As consistently reported by other registries and cohort studies
[11–15], in the present single-centre study, the proportion of females
was higher (55.9%) and females were older compared to males al-
though almost 60% of patients< 50 years were women. Risk factors
and comorbidities showed real-world distribution with expected dif-
ferences in males and females. In accordance with the literature, we
observed that females slightly more often presented with dyspnoea,

Table 2
Predictors of an adverse outcome in female and male normotensive patients.

Parameters All normotensive patients (n=501) Females (n= 280) Males (n= 221)

OR (95% CI) p-Value n/N OR (95% CI) p-Value n/N OR (95% CI) p-Value n/N

Symptoms
Chest pain 0.50 (0.24–1.04) 0.064 12/500 0.31 (0.11–0.90) 0.031 5/279 0.87 (0.28–2.69) 0.812 7/221
Syncope 2.55 (1.12–5.78) 0.025 9/501 4.27 (1.55–11.76) 0.005 7/280 1.04 (0.22–4.91) 0.962 2/221

Comorbidities
Chronic (left) heart failure 3.09 (1.42–6.73) 0.004 11/501 2.70 (0.96–7.59) 0.060 6/280 3.71 (1.14–12.10) 0.030 5/221
Renal insufficiency 1.84 (0.88–3.84) 0.103 14/501 3.02 (1.13–8.06) 0.027 11/275 0.82 (0.22–3.10) 0.774 3/219

Risk stratification markers and models
Tachycardia 7.06 (3.18–15.68) <0.001 19/496 6.88 (2.34–20.25) <0.001 12/276 7.70 (2.30–25.77) <0.001 7/220
Hypoxia 4.20 (1.89–9.33) <0.001 16/435 3.38 (1.23–9.23) 0.018 10/249 5.83 (1.56–21.77) 0.009 6/186
RV dysfunction on TTE/CT 2.36 (0.94–5.95) 0.068 22/449 9.38 (1.22–71.99) 0.031 16/247 0.87 (0.26–2.93) 0.816 6/202
RV dysfunction on TTE 6.84 (2.29–20.41) 0.001 21/329 Non-calculable, therefore chi2-test

was used
<0.001 16/185 1.93 (0.50–7.53) 0.342 5/144

RV/LV ratio≥ 1.0 on CT 1.40 (0.53–3.70) 0.492 16//309 4.44 (0.55–35.79) 0.161 10/154 0.74 (0.22–2.55) 0.635 6/154
Elevated cTna 8.87 (2.08–37.76) 0.003 27/488 Non-calculable, therefore chi2-test

was used
<0.001 17/275 3.04 (0.65–14.25) 0.158 10/213

NT-proBNP ≥600 pg/ml 5.68 (1.94–16.58) 0.002 25/466 5.34 (1.19–23.84) 0.028 15/260 6.15 (1.31–28.81) 0.021 10/206
sPESI ≥1 point(s) 15.19

(2.05–112.43)
0.008 30/501 Non-calculable, therefore chi2-test

was used
0.002 18/280 6.91 (0.88–54.18) 0.066 12/221

2014 ESC guidelines
algorithmb

3.59 (1.68–7.68) 0.001 20/501 14.30 (3.22–63.54) <0.001 16/280 1.00 (0.30–3.37) 1.000 4/221

Bova score > 4 points 4.63 (2.18–9.81) <0.001 14/501 7.38 (2.72–20.05) <0.001 11/280 2.20 (0.57–8.52) 0.256 3/221
Modified FAST score ≥3

points
7.46 (3.14–17.70) <0.001 24/501 16.09 (3.62–71.57) <0.001 16/280 3.86 (1.21–12.26) 0.022 8/221

n= number of patients with event in this category/N=number of patients with information available. Abbreviations: OR indicates Odds ratio; CI, confidence
interval, RV, right ventricular; TTE, transthoracic echocardiography; CT, computed tomography; LV, left ventricular/ventricle; cTn, cardiac troponin; NT-proBNP, N-
terminal pro-brain natriuretic peptide; sPESI, simplified Pulmonary Embolism Severity Index; ESC, European Society of Cardiology.
P-values< 0.05 are marked in bold.

a 276 of 425 patients had a high sensitive troponin T [hsTnT] ≥14 pg/ml, 45 of 73 patients had a high sensitive troponin I [hsTnI] ≥13 pg/ml in females and
≥33 pg/ml in males and 86 of 261 patients had a cardiac troponin T [cTnT] ≥0.03 ng/ml; of note, in 258 patients (51.5%) cTn levels were determined with more
than one cTn assay.

b Intermediate-high-risk vs. intermediate-low-risk and low-risk.
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whereas haemoptysis was more prevalent in men [12,16].
However, and in contrast to our study hypothesis, women with

acute PE did not present with “atypical” symptoms such as females with
ACS and CAD [1,5,8]. Thus, in the clinical judgment of initial symptoms
at presentation for acute PE, the patients' sex may not require special
consideration.

4.2. Sex-specific differences in the prognostic performance of risk
stratification markers and models

It is increasingly acknowledged that women have lower hs-cTn
plasma concentrations compared to men, regardless of the population
assessed or assay applied [29]. Although the cardiovascular risk profile
and thus pathophysiology of ACS differs in males and females and the
use of sex-specific cut-off values has been proposed to avoid over-di-
agnosis of myocardial infarction in men, concerns have been raised that
sex-specific cut-off values may only have a small clinical effect at the
cost of increased complexity in decision-making [29,30]. Vice versa,
women have higher natriuretic peptide plasma concentrations com-
pared to men and it has been shown that lower levels of circulating
androgens and the potentiating effect of exogenous female hormone
therapy contribute to higher NT-proBNP concentrations in women [31].
Despite disparities in pathophysiology and disease manifestation be-
tween male and female patients with heart failure, no differences in NT-
proBNP plasma concentrations were observed [32] and the use of sex-
specific cut-off values is not recommended by the current ESC guide-
lines for the diagnosis and treatment of acute and chronic heart failure
[33].

In the present study, we were able to confirm the prognostic re-
levance of elevated cTn and NT-proBNP plasma concentrations in
normotensive patients with acute PE (Table 2). Although differences in
the prognostic performance were observed in male and females (Tables
2 and 3) and the use of sex-specific cut-off values resulted in a slightly
higher specificity and a better prognostic performance of the “opti-
mised” 2014 ESC guidelines algorithm in males (Table S3 of the Sup-
plementary material), some methodological issues of the present study
deserve consideration before final conclusion should be drawn: first, the
number of adverse events was small especially in subgroup analyses
focussing on normotensive male and female patients resulting in large
CIs and precluding multivariate analyses to correct for confounders.
Second, since this is the first description of sex-related differences in the
prognostic performance of risk stratification markers and models in
acute PE derived in a single-centre cohort, further studies are needed to
confirm the present study findings.

In the present study, RV dysfunction on TTE was more frequently
diagnosed in women compared to men (56.6% vs. 44.6%, p=0.019;
Table 1); a finding in accordance with a higher prevalence of females
(59.5%) in a study investigating “submassive” PE patients [14].
Moreover, evidence of RV dysfunction was associated with a higher rate
of an adverse outcome in both sexes (male: 23.0% vs. 8.7%, p=0.015;
females: 32.3% vs. 3.2%, p < 0.001). For a better understanding of
this observation, studies focussing on sex-related differences in RV
morphology and function deserve attention: Women are known to have
smaller RV mass, dimensions and volume compared to men [34–36].
However, sex-related differences in RV morphology are only in-
sufficiently explained by a smaller body surface area in women [34,35]
and are affected by hormonal status. While higher levels of androgens
were related to greater RV mass and volume in both sexes, higher es-
tradiol levels were associated with better RV systolic function in women
using hormone therapy [37]. In patients with pulmonary arterial hy-
pertension, it is increasingly understood that estrogen metabolism and
signalling is a potent disease modifier [38] associated with better RV
systolic function [37,39] and prognosis [40,41]. Thus, although the
morphology of the female RV appears less suitable to manage the
sudden increase of RV afterload due to the acute PE (indicated by a
higher rate of females with RV dysfunction on TTE in the presentTa
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study), the better RV systolic function and adaptation mechanism might
overcome this anatomical limitation (indicated by a comparable rate of
adverse outcomes in males and females in the present study).

4.3. Sex-specific differences in 30-day outcomes

Despite sex-specific differences in the prognostic performance of risk
stratification markers and models, in the present study, 30-day outcomes
did not differ between males and females (Table S1 of the Supplementary
material) and were not influenced by the patients' sex. This finding is in
accordance with previous cohort studies reporting no differences in short-
and long-term mortality in male and female PE patients [13,14,42], while
studies using data from nationwide databases observed a higher short-
term mortality rate in female PE patients [11,18].

Under-use of invasive procedures in female patients with CAD and
ACS and of systemic thrombolysis in female patients with ischemic
stroke is associated with poorer outcome [4,8,10,17]. In patients with
PE, systemic thrombolysis reduces PE-related and all-cause mortality,
especially in haemodynamic unstable patients [43]. Consistently, in the
present study, the risk for an adverse outcome of patients classified as
high- and intermediate-high-risk by the 2014 ESC guidelines algorithm
was reduced by the use of reperfusion therapy in both sexes. Of note,
the all-cause mortality rate remained substantial high in haemody-
namic unstable patients despite reperfusion therapy (56.3% in males
and 53.6% in females) indicating inclusion and analysis of a critical ill
patient subgroup. Thus, and given the observational study design,
conclusions on the under-use of reperfusion strategies as indicated by
Stein and Matta [44] cannot be made.

5. Limitations

In addition to some methodological issues described before, the
present study has further limitations that deserve consideration: First,
exact information on the race of study patients was not available.
However, the vast majority of patients included were Caucasians. Thus,
the present study findings might not be generalizable to other popula-
tions that have significant racial/ethnic diversity. Second, since only
patients with confirmed diagnosis of PE able to provide written in-
formed consent for participation in the study were included, patients
with more severe disease (e.g. sudden cardiac death due to PE) might be
underrepresented in the present analysis.

6. Conclusion

In this prospective single-centre cohort study, rates of 30-day ad-
verse outcomes did not differ between male and female patients despite
sex-specific differences in the prognostic performance of risk stratifi-
cation markers and models. Since no relevant sex-specific differences
with regard to symptoms and initial presentation were observed, pa-
tients' sex may not require special consideration in the clinical judg-
ment of initial symptoms at presentation for acute PE.

Key messages

• Data regarding sex-specific differences in pulmonary embolism (PE)
are limited and inconsistent.
• The present prospective cohort study investigated sex-specific dif-
ferences in 569 PE patients.
• Risk stratification was improved by the use of sex-specific biomarker
cut-off values in male.
• No relevant sex-specific differences with regard to symptoms and
acute prognosis were observed.
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