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ABSTRACT Our aim was the assessment of the prognostic significance of right heart thrombi (RiHT)
and their characteristics in pulmonary embolism in relation to established prognostic factors.

138 patients (69 females) aged (mean±SD) 62±19 years with RiHT were included into a multicenter
registry. A control group of 276 patients without RiHT was created by propensity scoring from a cohort of
963 contemporary patients. The primary end-point was 30-day pulmonary embolism-related mortality; the
secondary end-point included 30-day all-cause mortality. In RiHT patients, pulmonary embolism
mortality was higher in 31 patients with systolic blood pressure <90 mmHg than in 107 normotensives
(42% versus 12%, p=0.0002) and was higher in the 83 normotensives with right ventricular dysfunction
(RVD) than in the 24 normotensives without RVD (16% versus 0%, p=0.038). In multivariable analysis the
simplified Pulmonary Embolism Severity Index predicted mortality (hazard ratio 2.43, 95% CI 1.58–3.73;
p<0.0001), while RiHT characteristics did not. Patients with RiHT had higher pulmonary embolism
mortality than controls (19% versus 8%, p=0.003), especially normotensive patients with RVD (16% versus
7%, p=0.02).

30-day mortality in patients with RiHT is related to haemodynamic consequences of pulmonary
embolism and not to RiHT characteristics. However, patients with RiHT and pulmonary embolism
resulting in RVD seem to have worse prognosis than propensity score-matched controls.
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Introduction
Right heart thrombi (RiHT) can be detected echocardiographically in ∼4% of pulmonary embolism
patients [1]. Although RiHT confirm pulmonary embolism, optimal therapy has not been defined and
treatment selection is still a subject of debate. Most data are based on short case-series, their meta-analyses
[2] or results of registries primarily focused on different aspects of pulmonary embolism [1, 3]. Good
outcome of RiHT patients has been reported in some series [4–6], but in other reports mortality exceeded
20%, even despite urgent thrombolysis [1, 7, 8]. RiHT morphology was reported to influence the prognosis
and mobile thrombi were suggested to increase early mortality [9]. Although a meta-analysis of 177 cases
suggested that thrombolytic therapy was associated with an improved survival when compared with either
anticoagulation or surgery, the potential benefits of thrombolysis in stable patients with RiHT remain
controversial [3]. The current European guidelines on pulmonary embolism management underline that,
although the impact of RiHT on mortality in pulmonary embolism patients is yet unclear, the presence of
RiHT should be considered a potentially life-threatening condition [10]. A multicenter, international Right
Heart Thrombi European Registry (RiHTER) has been organised in order to assess the prognostic
significance of RiHT characteristics according to their size and mobility, especially in relation to the
established prognostic factors for 30-day mortality: haemodynamic instability, right ventricular dysfunction
(RVD), simplified Pulmonary Embolism Severity Index (sPESI) score, and laboratory markers of
myocardial injury and overload. Moreover, we assessed the potential prognostic value of RiHT and their
potential influence on treatment selection in comparison with propensity score-matched (PSM) pulmonary
embolism patients contemporarily managed in the centres participating in the registry.

Methods
Study design
17 centres from eight European countries (see Acknowledgements section) participated in an
internet-based registry which collected anonymised clinical, echocardiographic and laboratory data of
consecutive patients with RiHT and pulmonary embolism managed in these centres between January 2011
and February 2014. The following parameters were recorded: systolic blood pressure (sBP), heart rate, use
of intravenous vasopressors at RiHT diagnosis, comorbidities (congestive heart failure, chronic obstructive
pulmonary disease, neoplasms), and maximal plasma troponin and brain natriuretic peptide (BNP) levels.
Pulmonary embolism was objectively confirmed in all haemodynamically stable patients. Only
haemodynamically unstable patients with RiHT and RVD at echocardiography in whom objective
pulmonary embolism diagnosis was not possible due to severe haemodynamic compromise could be
included into the registry. Therapeutic interventions were evaluated. Hemodynamic instability was defined
according the European Society of Cardiology (ESC) as: sBP <90 mmHg or a need for vasopressors
without other coexisting causes. Shock index (SI) was defined as heart rate divided by sBP. The sPESI was
defined as previously described [11].

Echocardiographic examinations were uploaded and were centrally re-evaluated. The following indices were
assessed: dimensions of the right and left ventricles in the four-chamber apical view, McConnell’s sign [12],
tricuspid valve peak systolic gradient, and flattening of the interventricular septum. RiHTs were divided
according to shape (snake-like, oval, perimural), mobility (mobile, immobile) and size in the largest
dimension: (⩾5, <5 cm) [9]. For RVD diagnosis we used the following echocardiographic and biochemical
criteria: right ventricular/left ventricular (RV/LV) ratio ⩾0.9 in the four-chamber view, presence of
McConnell’s sign or intraventricular septum flattening; elevation of plasma BNP (>90 pg·mL−1) or
N-terminal pro-BNP (>500 pg·mL−1) or when plasma troponin T or troponin I levels exceeded 0.1 ng·mL−1

or high-sensitive troponin levels were above the laboratory-specific upper reference limit.

Patients who were haemodynamically unstable at the time of RiHT diagnosis formed the high-risk
pulmonary embolism (HRPE) group. Intermediate-risk pulmonary embolism (IRPE) was diagnosed when
patients with sBP ⩾90 mmHg presented with RVD and/or biochemical signs of myocardial injury. Low-risk
pulmonary embolism (LRPE) comprised subjects who did not fulfil the criteria for HRPE or IRPE.

The study was prospective, but retrospective cases were also allowed. However, patients were considered to
be eligible for analysis only when RiHT characteristics and right ventricular function were evaluated,
clinical data allowed risk stratification according ESC criteria, and the assessment of sPESI score, and
when data on applied therapy and 30-day outcome were available.

Additionally, a control group without RiHT was created by propensity score analysis from a cohort of 963
contemporary pulmonary embolism patients managed in the participating centres at the time of the
registry. Propensity score matching was used to reduce possible inherent bias between patients with and
without RiHT. We performed a 1:2 matched analysis on the basis of the estimated propensity score of each
patient. Finally, a control group without RiHT comprised 276 propensity score-matched (PSM) pulmonary
embolism patients.
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End-points
The primary end-point was 30-day pulmonary embolism-related mortality in relation to the clinical
severity of pulmonary embolism and RiHT characteristics. The secondary end-points included 30-day
all-cause mortality in relation to the clinical severity of pulmonary embolism and RiHT characteristics,
and a comparison of 30-day pulmonary embolism-related mortality between pulmonary embolism patients
with RiHT and PSM controls without RiHT. Pulmonary embolism-related mortality was diagnosed when
haemodynamic instability and/or shock preceded death, or when a patient experienced pulmonary
embolism recurrence. When an evident alternative cause of death was reported, such as severe bleeding,
neoplasm or sepsis with no data for pulmonary embolism-related death, a nonpulmonary embolism death
was diagnosed and this contributed to 30-day all-cause mortality.

Statistical analysis
Data with a normal distribution are expressed as mean±SD. Parameters without such a distribution are
expressed as median (range). t- or Mann–Whitney tests were used for comparisons between two groups,
and for more than two groups we used ANOVA or Kruskal–Wallis tests. Fisher’s exact or Chi-squared
tests were used to compare discrete variables. Sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) were calculated. The impact of the analysed parameters on 30-day survival
was evaluated using univariable and multivariable Cox proportional hazards regression. Kaplan–Meier
analysis was used to investigate cumulative 30-day survival. All tests were two-sided. Analyses were
considered significant at p<0.05. We compared prospective and retrospective cases with respect to clinical
and RiHT characteristics, treatment and outcome.

Propensity score analysis was used to select a control group without RiHT from a cohort of 963
contemporary patients managed in participating centres at the time of the registry. With the use of a
multivariable logistic regression model that included basic risk parameters as the independent variables,
the probability of a patient being assigned to the group with RiHT was determined. The goodness-of-fit of
the propensity score model was obtained by c statistics, a measure of the discriminatory power of a
predictive model. The variables included in the propensity score model were age, sex, RV/LV ratio, heart
rate, comorbidities and assignment to risk group according to ESC guidelines. We performed a 1:2
matched analysis on the basis of the estimated propensity score of each patient. A control group without
RiHT comprised 276 PSM pulmonary embolism patients.

STATISTICA version 10 (StatSoft, Tulsa, OK, USA) and MedCalc (MedCalc Software, Ostend, Belgium)
were used for calculations. The RiHTER protocol was approved centrally by the Ethics Committee at the
Medical University of Warsaw and locally wherever required. Although adverse events were not
adjudicated by an independent committee, they were centrally evaluated by three investigators and the
final decision was reached by consensus.

Results
Clinical characteristics of patients
Data of 158 patients with RiHT were incorporated into the database. 138 of them were eligible for the
analysis (69 females, aged 62±19 years), while 20 other cases were excluded from the analysis due to lack
of significant data regarding clinical presentation, RiHT characteristics, treatment or outcome. 62 subjects
underwent echocardiography due to suspected pulmonary embolism and in 63 patients it was performed
after pulmonary embolism diagnosis. In the remaining 13 patients RiHT was an incidental finding.
Pulmonary embolism was objectively confirmed in all haemodynamically stable patients. In 31 patients
haemodynamic instability was present at the time of RiHT diagnosis (HRPE), 25 of them received
intravenous vasopressors intravenously and seven subjects were under cardiopulmonary resuscitation. In
four subjects RiHT and severe RVD were diagnosed during unsuccessful cardiopulmonary resuscitation
and subsequent objective pulmonary embolism diagnosis was not possible. 107 stable patients formed the
non-HRPE (nHRPE) group. LRPE was diagnosed in 24 of them, while 83 patients with RVD formed the
IRPE group (table 1). The RiHTER population comprised 72 prospective and 66 retrospectively enrolled
cases; however, we found no differences in clinical parameters and pulmonary embolism severity between
these two groups. A control group included 276 pulmonary embolism patients without RiHT matched
with patients with RiHT in a 2:1 ratio according to the individual propensity score.

Characteristics of RiHT
RiHT were divided according to their shape (snake-like: 81 cases; oval: 44 cases; perimural: 13 cases),
mobility (mobile: 118 cases; immobile: 20 cases), and size (⩾5 cm: 40 cases; <5 cm: 98 cases); the smallest
(8×4 mm) was found in an IRPE patient, while the largest (250×25 mm) was in another IRPE patient.
There were no differences in RiHT size, shape and mobility between unstable and stable patients or
between IRPE and LRPE (table 1).
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Treatment and clinical course
Thrombolysis in the RiHT group was used in 56 (41%) patients. Interventional therapy was the first
therapeutic choice in 15 (11%) patients (surgery 14 in patients, percutaneous RiHT removal in one patient).
The remaining 67 (48%) patients were anticoagulated only (table 2). Thrombolysis was more frequently
used in HRPE patients than in nHRPE patients (61% versus 35%, p<0.01). Although there were no
statistical differences in type of treatment between LRPE and IRPE patients, thrombolysis was used almost
twice as often in patients with signs of RVD (39% and 21%, not significant). Pulmonary embolism-related
deaths occurred in 26 cases (30-day pulmonary embolism-related mortality 19%). There was a difference in
pulmonary embolism-related mortality between HRPE and nHRPE patients (42% versus 12%, p=0.0002)
(table 2) and also in stable patients according to the presence of RVD: IRPE versus LRPE patients (16%
versus 0%, p=0.038). The majority of deaths (62%) occurred within the first 24 h (figure 1).

Eight causes of nonpulmonary embolism-related deaths included advanced neoplasms (three cases), left
ventricular failure with severe left ventricular systolic dysfunction (two cases), sepsis (one case),
intracranial haemorrhage (two cases) and acute kidney injury (one case); all-cause mortality reached 25%.

Among 31 HRPE patients, seven subjects were under cardiopulmonary resuscitation at the time of RiHT
diagnosis and four of them died. We found no differences in mortality in haemodynamically unstable
RiHT patients according to the applied therapy. nHRPE was diagnosed in 107 patients. This group
included 24 subjects with LRPE and 83 patients with IRPE. Thrombolysis was used in 35% of non-HRPE
patients, anticoagulation in 55% and invasive treatment in the remaining 10%. All 16 pulmonary

TABLE 1 Clinical characteristics of patients with right heart thrombi (RiHT), control cohort and propensity score-matched
(PSM) controls

Control
cohort

PSM
controls

All RiHT HRPE p-value (HRPE
versus nHRPE)

nHRPE IRPE p-value (IRPE
versus LRPE)

LRPE

Subjects 963 276 138 31 107 83 24
Age years 64±18 65±17 62±19 63±21 0.87 61±19 62±20 0.23 58±18
Female/male 542/421 126/150 69/69 17/14 0.54 52/55 38/45 0.28 14/10
sBP mmHg 127±24 124±26 109±25 74±12 <0.0001 119±19 118±19 0.61 120±18
Heart rate bpm 91±21 102±23 103±22 117±18 <0.05 102±22 102±22 0.01 92±19
SaO2 % 93±11 92±7 91±6 86±9 0.02 91±6 89±16 0.50 91±7
Comorbidities# 176 (18) 65 (24) 76 (55) 16 (51) 0.66 60 (56) 44 (53) 0.34 16 (66)
Shock index 0.75±0.29 0.87±0.33 1.00±0.2 1.59±0.39 <0.0001 0.86±0.2 0.88±0.24 0.01 0.74±0.21
sPESI score ⩾1/0 600/363 198/78 122/16 31/0 <0.05 91/16 73/10 0.21 18/6
sPESI score 1.06±1.08 1.4±1.2 1.4±0.9 3.0±0.9 <0.0001 1.4±0.9 1.4±0.9 0.24 1.2±1.0
RiHT shape S/O/P 81/44/13 22/7/2 0.22 59/37/11 47/26/10 0.21 12/11/1
RiHT mobility M/I 118/20 30/1 0.08 88/19 66/17 0.29 22/2
RiHT size ⩽5/>5 cm 98/40 20/11 0.37 78/29 60/23 0.99 18/6
RiHT protruding into PFO 14 (10) 3 (10) 0.81 11 (10) 9 (11) 0.98 2 (8)

Data are presented as n, mean±SD or n (%), unless otherwise stated. HRPE: high-risk pulmonary embolism; nHRPE: non-HRPE; IRPE:
intermediate-risk pulmonary embolism; LRPE: low-risk pulmonary embolism; sBP: systolic blood pressure; SaO2: arterial oxygen saturation;
sPESI: simplified Pulmonary Embolism Severity Index; S: snake-like; O: oval; P: perimural; M: mobile; I: immobile; PFO: patent foramen ovale.
#: congestive heart failure, chronic obstructive pulmonary disease, neoplasms.

TABLE 2 Treatment and outcome according to the clinical characteristics of 138 patients with right heart thrombi

All patients HRPE p-value
(HRPE versus nHRPE)

nHRPE IRPE p-value
(IRPE versus LRPE)

LRPE

Subjects 138 31 107 83 24
Thrombolysis 56 (41) 19 (61) <0.01 37 (35) 32 (39) 0.17 5 (21)
Surgery or intervention 15 (10) 4 (13) 0.93 11 (10) 8 (10) 0.98 3 (12)
Anticoagulation only 67(49) 8 (26) 0.03 59 (55) 43 (52) 0.20 16 (67)
30-day pulmonary
embolism-related mortality

26 (19) 13 (42) 0.0002 13 (12) 13 (16) 0.038 0 (0)

30-day all-cause mortality 34 (25) 15 (48) 0.0005 19 (18) 17 (20) 0.29 2 (8)

Data are presented as n or n (%), unless otherwise stated. HRPE: high-risk pulmonary embolism; nHRPE: non-HRPE; IRPE: intermediate-risk
pulmonary embolism; LRPE: low-risk pulmonary embolism.
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embolism-related deaths in nHRPE patients occurred in the subgroup with IRPE, while no pulmonary
embolism-related deaths occurred in LRPE patients. We observed significant differences in pulmonary
embolism-related mortality between the IRPE and LRPE groups (16% versus 0%, p=0.038). Patients with
RiHT had higher 30-day pulmonary embolism-related mortality than PSM controls (19% versus 8%
p=0.003) (figure 2). This effect was present in the IRPE group (16% versus 7%, p=0.02), while in the
HRPE group we observed a trend only (42% versus 22% p=0.07). There were no pulmonary
embolism-related deaths in LRPE groups with or without RiHT. We found that in the whole RiHT group
aggressive treatment (thrombolysis or embolectomy) was more frequently used than in PSM controls
(51% versus 10%, p<0.001).

Mortality predictors
Univariable analysis showed that sPESI score, SI and sBP <90 mmHg, but not RiHT parameters, were
predictors of pulmonary embolism-related and all-cause mortality in the whole RiHT group (table 3).
However, in multivariable analysis only sPESI score predicted 30-day all-cause and pulmonary
embolism-related mortality (hazard ratio 2.56, 95% CI 1.71–3.84; p<0.001 and hazard ratio 2.43, 95% CI
1.58–3.73; p<0.0001, respectively).

In the group with nHRPE, sPESI and SI were also univariate predictors for both all-cause and pulmonary
embolism-related mortality (table 3). However, in multivariable analysis only SI predicted 30-day all-cause
and pulmonary embolism-related mortality (hazard ratio 29.8, 95% CI 3.3–271.1; p=0.003 and hazard ratio
83.99, 95% CI 5.5–1295.7; p=0.002, respectively). Importantly, none of 24 low-risk patients (17.4% of all
patients) died due to pulmonary embolism (NPV 100%). Moreover, there were no deaths in the group
with an sPESI of 0, which included 16 patients.
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FIGURE 1 Kaplan–Meier survival curves in 138 patients with right heart thrombi according to pulmonary
embolism severity defined by the European Society of Cardiology: a) all-cause mortality and b) pulmonary
embolism-related mortality. LRPE: low-risk pulmonary embolism; IRPE: intermediate-risk pulmonary
embolism; HRPE: high-risk pulmonary embolism.

FIGURE 2 30-day pulmonary
embolism-related mortality in 138
patients with right heart thrombi
(RiHT(+)) and 276 propensity
score-matched controls (RiHT(–)).
HRPE: high-risk pulmonary
embolism; IRPE: intermediate-risk
pulmonary embolism; LRPE:
low-risk pulmonary embolism.
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Discussion
RiHT are still regarded as a significant predictor of poor prognosis in pulmonary embolism [1, 10]. However,
there are also data indicating that RiHT are only “in transit” thrombi which should be considered as a
confirmation of venous thromboembolism and prognosis is predominantly related to the haemodynamic
status rather than the RiHT [3]. Using propensity score matching, we showed that pulmonary
embolism-related mortality was higher in the whole RiHT group when compared with PSM controls (19%
versus 8%, p=0.003). This was mostly due to the mortality difference in the IRPE group (16% versus 7%,
p=0.02), while in the HRPE group we observed a trend only (42% versus 22%, p=0.07). We observed a
significant difference in pulmonary embolism-related mortality in the RiHT group according to pulmonary
embolism severity and it was significantly lower in the nHRPE group when compared with unstable patients,
and between LRPE and IRPE patients (0% versus 16%, p=0.038). Therefore, haemodynamic instability
strongly indicated a mortality risk. Importantly, the majority of deaths (62%) occurred within the first 24 h
after diagnosis. In the whole studied group, univariable analysis showed that sPESI score, SI and sBP
<90 mmHg, but not RiHT parameters, were predictors of pulmonary embolism-related and all-cause
mortalities. Moreover, in the multivariable analysis, only sPESI score predicted 30-day all-cause and
pulmonary embolism-related mortality. Importantly, none of the 24 haemodynamically stable patients with
preserved right ventricular function (17.4% of all patients) died due to pulmonary embolism (NPV 100%).
sPESI of 0 also identified 16 patients with a good 30-day prognosis despite the presence of RiHT.

The all-cause mortality at 30 days was similar to that reported of 21% in a subgroup of the International
Cooperative Pulmonary Embolism Registry population with pulmonary embolism and coexisting RiHT
[1]. This mortality rate in patients with RiHT is also much higher than recently reported (2.4–3.2%) in
similarly defined IRPE patients enrolled into a large randomised controlled trial regardless of the presence
of RiHT [13]. Our data suggest an increased mortality risk of patients with RiHT and RVD. However, in
patients with LRPE we observed no pulmonary embolism-related mortality. Importantly, we found no
differences in RiHT morphology and function between survivors and nonsurvivors.

Since there are no precise data on the prognosis of patients with RiHT, their proper management is still a
matter of debate, especially in patients haemodynamically stable on admission in whom anticoagulation is
the treatment of choice according to current guidelines. We found that in the whole RiHT group
aggressive treatment (thrombolysis or embolectomy) was significantly more frequently used than in PSM
controls (51% versus 10%, p<0.0001). This difference was also present in the LRPE (33% versus 3%,
p<0.001) and IRPE (51% versus 5%, p<0.001) groups, while it was not significant in the HRPE group (74%
versus 56%, p=0.11). However, we were not able to demonstrate any benefit of aggressive therapy in the
RiHTER population.

Study limitations
The main limitation of RiHTER is the lack of standardised criteria for management of pulmonary
embolism patients, which makes comparison between efficacy and safety of different treatments difficult.
RiHTER included a relatively limited number of patients. Although pulmonary embolism was objectively
confirmed in all controls, it was not confirmed in four RiHT patients in whom RiHT and RVD were
visualised during unsuccessful cardiopulmonary resuscitation. We tried to maintain a high quality of data.
Therefore, echocardiographic examinations were uploaded and centrally re-evaluated. However, causes of
deaths were not adjudicated by an independent committee. The study was prospective, but retrospective

TABLE 3 Univariable 30-day mortality predictors in patients with right heart thrombi

All-cause mortality Pulmonary
embolism-related mortality

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

All n=138
sPESI score 2.56 (1.71–3.84) <0.001 2.43 (1.58–3.73) <0.0001
Shock index 5.82 (2.07–16.41) 0.001 8.96 (2.82–28.48) 0.0002
sBP <90 mmHg 4.89 (2.07–11.54) <0.001 5.18 (2.01–13.39) 0.001

nHRPE n=107
sPESI score 2.41 (1.42–4.07) 0.001 1.94 (1.11–3.40) 0.02
Shock index 29.8 (3.3–271.1) 0.003 83.99 (5.5–1295.7) 0.002

sPESI: simplified Pulmonary Embolism Severity Index; sBP: systolic blood pressure; nHRPE: non-high-risk
pulmonary embolism.
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cases could also be enrolled. However, pre-defined echocardiographic, laboratory and clinical parameters
were available in all cases. Importantly, we found no significant differences in clinical characteristics, RiHT
characteristics or applied treatment and outcome between prospective and retrospective patients.

Conclusion and clinical implications
We found that the currently recommended methods of prognostic stratification in acute pulmonary
embolism are also applicable to patients with RiHT, and their outcome was predominantly related to the
haemodynamic and clinical consequences of acute pulmonary embolism itself, and not to morphology of
RiHT. However, our results indicate that 30-day pulmonary embolism-related mortality in patients with
RiHT is increased when compared with PSM controls. Patients with RiHT and pulmonary embolism
resulting in RVD seem especially to have a worse prognosis than PSM controls.
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