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Abstract

The management of floating right heart thrombi (FRHT) in patients with acute pulmonary emboli is

controversial. Several recent case series have revealed similar efficacy and better survival rates with

systemic thrombolytic therapy than with surgery. In this case series, we present our experience

with the efficacy of “half-dose” or “safe-dose” thrombolytic therapy in the resolution of FRHT. Five

patients who were admitted with confirmed acute pulmonary emboli and FRHTwere included in

the present report. Half-dose thrombolytic therapy (50 mg of alteplase) was administered to the

patients. Follow-up echocardiography revealed complete resolution of the FRHT and considerable

improvement in the right heart function. No bleeding events were recorded. Our small case series

shows the efficacy and safety of half-dose thrombolytic therapy in FRHT resolution in a group of

patients with high bleeding risk. Our findings should be tested in larger populations.
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Introduction

The treatment of right heart thrombi
(RHT) is controversial, and the low preva-
lence (7%–18%) of this condition promotes
ambiguity in clinical management.1 RHT
are categorized into two types: in situ
thrombi, which have a benign clinical
course, and floating RHT (FRHT), which
carry a considerable risk of embolization
and thus a high risk of mortality.2 The clas-
sic treatment of FRHT is surgery; nonethe-
less, several case series have reported higher
mortality rates with surgery than with
systemic thrombolysis.1 The main disad-
vantage of systematic thrombolytic therapy
is bleeding, and various approaches have
been proposed to overcome this adverse
effect. The administration of half-dose
thrombolytics has been shown to be prom-
ising in the treatment of submassive pulmo-
nary emboli (PE),3 although it has been
scarcely studied in the field of FRHT.4

In the current case series, we present our
recent experience in the management of
FRHT in patients with PE. In the first
group, the patients received half-dose
thrombolytic therapy because of their high
bleeding risk. The thrombolytic regimen
used in this group of patients consisted of
a half-dose regimen: a 1-hour infusion of
50mg of tissue plasminogen activator
(Actilyse; Boehringer Ingelheim, Ingelheim
am Rhein, Germany). Parenteral anticoa-
gulation was stopped during the thrombo-
lytic infusion, and heparin was started
immediately after termination of the fibri-
nolytics at the rate of 18 U/kg/h. Because
all patients weighed >50 kg, no thrombo-
lytic dose reduction was needed. In the
second group, the patients were scheduled
for surgery because of clots in transit.

Patients

The study was approved by the ethics com-
mittee of Rajaie Cardiovascular Medical

and Research Center (Reference number:
9541). Written informed consent was
obtained from every patient recruited for
this case series.

Non-transitory RHT

Case 1. A 57-year-old man was admitted to
our hospital with acute dyspnea. Physical
examination showed blood pressure (BP) of
115/65mmHg, heart rate (HR) of 108bpm,
temperature of 37.1�C, and respiratory rate
of 28breaths/min. The patient was con-
scious, and his oxygen saturation was
89% on room air. He had a history of ische-
mic stroke 6 months before the present event.
Bilateral segmental and subsegmental pulmo-
nary arterial branch thrombi were found on
pulmonary computed tomography (CT)
angiography. Echocardiography revealed a
highly mobile elongated mass from the infe-
rior vena cava to the right atrial junction,
suggestive of a thrombus attached to the
Eustachian valve (Figure 1(a)), with moder-
ate right ventricular (RV) enlargement and
moderate RV dysfunction. The levels of
N-terminal pro B-type natriuretic peptide
(NT-proBNP) and cardiac troponin
I (cTnI) were 860pg/mL and 0.18ng/mL,
respectively. Therefore, the patient was cate-
gorized as having an intermediate-high risk
of PE with a relative contraindication for
thrombolytics given the ischemic stroke 6
months before the present admission.5

A half-dose thrombolytic infusion was
chosen for the patient. Follow-up echocardi-
ography after 72 hours demonstrated
improvements in RV size and function and
complete disappearance of the RHT.
Notably, the patient’s symptoms improved
and he was discharged 4 days later.

Case 2. A 73-year-old man with morbid
obesity and multiple comorbidities, includ-
ing diabetes mellitus and chronic kidney
disease, was referred to our emergency
department because of acute-onset dyspnea.
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He had undergone cardiac pacemaker

implantation 5 years earlier. He had also

sustained a left humeral fracture due to

upper extremity trauma 1 week prior to

the current admission. Physical examina-

tion revealed BP of 100/60 mmHg and

HR of 123 bpm. Pulmonary CT angiogra-

phy showed acute thrombosis in the superi-

or lobe of the right pulmonary artery and

the lingula of the left pulmonary artery.

Laboratory tests showed NT-proBNP and

cTnI levels of 974 pg/mL and 0.44 ng/mL,

respectively. Echocardiography revealed a

mobile large, wormlike thrombosis in the

right atrium, attached to the pacemaker

lead (Figure 1(b)), as well as severe RV dys-

function and severe RV enlargement. A

half-dose thrombolytic regimen was

Figure 1. (a) An elongated hypermobile mass attached to the Eustachian valve (arrow) in the right atrium in
the subcostal view of transthoracic echocardiography. (b) A large (5.3� 1.0 cm) mobile wormlike mass in
the right atrium, attached to the pacemaker lead and protruding into the right ventricle in the four-chamber
view of transthoracic echocardiography. (c) An elongated hypermobile mass (arrow) attached to the
Eustachian valve in the bicaval view of transesophageal echocardiography. (d) A long wormlike mobile
echodensity (arrow) in the superior vena cava in the suprasternal view of transthoracic echocardiography,
Ao, aorta; LA, left atrium; RPA, right pulmonary artery. (e) Protrusion of an elongated mobile echodensity
through the tricuspid valve (arrow) in the short-axis view of transthoracic echocardiography. (f) A hyper-
mobile strand-like mass (4.8� 0.6 cm) in the right atrium with protrusion into the right ventricle (small
arrows) and left atrium through a patent foramen ovale tunnel (curved arrow) in the mid-esophageal 70�

view of transesophageal echocardiography. (g) A long worm-shaped echogenic mass (6.4� 1.1 cm) in the
right atrium protruding into the right ventricle and left atrium through a patent foramen ovale (curved
arrow) in the four-chamber view of transthoracic echocardiography. (h, i) Computed tomography angiog-
raphy axial views of the heart, showing a right atrial serpiginous filling defect coursing through a patent
foramen ovale (arrow) to the left atrium.
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selected for the patient because of the vari-
ous comorbidities and the recent trauma. The
72-hour follow-up echocardiography showed
disappearance of the thrombosis, improve-
ment of the RV dysfunction from severe to
moderate, and a decrease in the systolic pul-
monary artery pressure from 45 to 31 mmHg.
The patient was later discharged with mini-
mal residual symptoms.

Case 3. A 73-year-old man with a recent his-
tory of colostomy (3 weeks earlier) for colon
cancer was admitted to our emergency
department because of aggravating dyspnea.
His BP was 105/80 mmHg and HR was
110bpm. CT angiography revealed PE in
the lobar, segmental, and subsegmental pul-
monary artery branches. The levels of cTnI
and NT-proBNP were elevated at 0.23 ng/
mL and 670pg/mL, respectively.
Echocardiography revealed a 3.50-� 0.85-
cm wormlike echodensity attached to the
Chiari network in the right atrium with
intermittent protrusion into the right ventri-
cle, highly suggestive of thrombosis (Figure
1(c)), as well as mild to moderate RV
enlargement and moderate RV dysfunction.
Half-dose thrombolytic therapy was admin-
istered because of the patient’s increased
bleeding risk. Follow-up echocardiography
showed complete resolution of the RHT.
The patient was later discharged with allevi-
ated symptoms.

Case 4. A 38-year-old woman who had
undergone a complete workup for chronic
thromboembolic pulmonary hypertension
(CTEPH) and was a candidate for balloon
pulmonary angioplasty was admitted
with aggravating dyspnea that had
begun 1 week before hospitalization. Her
international normalized ratio was 2.1.
Echocardiography showed severe RV
enlargement and dysfunction with an esti-
mated systolic pulmonary artery pressure of
65 mmHg. A long wormlike mobile echo-
density was seen in the superior vena cava

in the suprasternal view, suggestive of
thrombosis. Frequent protrusions of the
tip of the mass into the superior vena
cava–right atrial junction were seen in the
subcostal view (Figure 1(d)). She underwent
half-dose thrombolytic therapy. Complete
thrombus resolution was detected on
follow-up echocardiography 72 hours
later, and she stated that her symptoms
had been alleviated. She was subsequently
discharged in good condition, and her bal-
loon pulmonary angioplasty was postponed
for 6 weeks.

Case 5. A 56-year-old man with a history of
heart failure (left ventricular ejection frac-
tion of 10%–15% on his previous echocar-
diographic examination) was admitted with
respiratory distress. His initial hemodynamic
evaluation showed a HR of 126 bpm and BP
of 114/86 mmHg. No rales were detected on
his physical examination. Because of atrial
fibrillation, the patient was on warfarin ther-
apy with an international normalized ratio
of 1.9. Echocardiography revealed an elon-
gated mobile echodensity in the right atrium
frequently protruding into the right ventri-
cle, suggestive of thrombosis (Figure 1(e)).
Pulmonary CT angiography showed lobar
PE in the inferior and middle lobes of the
right lung. Because the patient was consid-
ered to have high surgical risk, a safe-dose
regimen was chosen to decrease his bleeding
risk. Fortunately, he recovered from the
acute event and his respiratory distress
resolved. No sign of a right atrial mass was
seen on the echocardiographic examination
the following day.

Transitory RHT

Case 6. A 30-year-old man was referred
to our hospital with acute-onset dyspnea.
At presentation, the patient had BP of
110/80mmHg and HR of 125 bpm.
Echocardiography demonstrated a large
hypermobile strand-like mass (4.8 cm) in
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the right atrium with protrusion into the
right ventricle and left atrium through a
patent foramen ovale (PFO) tunnel, sugges-
tive of thrombosis in transit, with moderate
to severe RV dysfunction and moderate
RV enlargement (Figure 1(f), Movie 1(a)).
Pulmonary CT angiography was immediate-
ly performed and showed thrombosis in the
distal portions of the right and left pulmo-
nary arteries with bilateral involvement of
the segmental and subsegmental pulmonary
arterial branches. A clot in transit from the
PFO was also depicted (Figure 1(h)). Clots
in transit preclude thrombolytic therapy
because they carry a high risk of left-sided
embolization. The patient underwent emer-
gent surgical pulmonary embolectomy and
thrombosis removal, and he was discharged
1 week later with no dyspnea and good echo-
cardiographic prognostic factors.

Case 7. A 39-year-old man was referred to
our hospital because of a right heart mass.
At admission, he had dyspnea of New York
Heart Association functional class IV. He
had a history of a 23-hour nonstop car
drive 3 days before the current hospitaliza-
tion and left leg swelling beginning the
night before. His BP was 113/65 mmHg
and HR was 132 bpm. Transthoracic echo-
cardiography revealed severe RV enlarge-
ment and RV dysfunction with mid and
basal RV free wall hypokinesia and apical
hypercontractility (McConnell sign) (Movie 1
(b)). A long worm-shaped echogenic mass
(6.4� 1.1 cm) was detected in the right
atrium, protruding into the right ventricle
and left atrium through a PFO (Figure 1(g),
Movie 1(b)). Pulmonary CT angiography
showed saddle emboli in the main pulmonary
artery bifurcation with extension into the
lobar and segmental branches of the right
and left pulmonary arteries and a clot in tran-
sit (Figure 1(i)). Similar to Case 6, given the
presence of the right atrial clot in transit, sur-
gical embolectomy with thrombus removal
was performed. The RV size and function

were significantly recovered after surgery,
and no sign of RHT was detected. The
patient was discharged in good condition.

Discussion

Although surgical embolectomy has been
recommended as the standard treatment
strategy for RHT,2 several observational
studies have questioned its value as the
first-line therapy. Kinney and Wright6

reported similar therapeutic efficacy
for both therapeutic strategies in their
meta-analysis. Chartier et al.,7 in one of
the largest case series evaluating the differ-
ent treatment strategies for FRHT,
reported a 47.1% mortality rate in patients
managed surgically versus 22.2% in those
receiving fibrinolytics. In that study, the
patients on sole anticoagulation therapy
had a 62.5% mortality rate, underlining
the need for more aggressive treatment.
Similar results were reported by Rose
et al.8 In their systematic review of 177
patients with RHT, the mortality rates of
surgical embolectomy, thrombolytic thera-
py, and heparin alone were 23.8%, 11.3%,
and 28.8%, respectively,8 which were also
in favor of using thrombolytic therapy as
the first-line management of RHT. In addi-
tion, untreated RHT might be lethal espe-
cially during the early period of
hospitalization.1 A meta-analysis by
Kinney and Wright6 showed a short-term
survival rate of only 19% in these patients,
underlining the utmost importance of
timing and rapid clinical decision-making.6

This might be considered an advantage for
thrombolytic therapy, which can be started
instantly and without the need for any spe-
cial infrastructures. No comparative studies
have focused on the cost and length of stay
between the different treatment modalities
for RHT. With respect to PE-related expe-
riences, a recent update of a Cochrane data-
base systematic review showed no
significant difference in the length of
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hospitalization between patients undergo-
ing thrombolytic therapy and those receiv-
ing heparin alone (mean difference: �0.89,
95% confidence interval: �3.13 to 1.34).9

Similarly, thrombolytic therapy is assumed
to have a slightly higher total lifetime health
care cost than anticoagulation alone.10 In
contrast, major reports on pulmonary
embolectomy have shown significantly
longer intensive care unit lengths of stay,
longer hospitalization periods, and conse-
quently higher costs of surgery than with
medical management.11,12

Barrios et al.13 recently reported no dif-
ferences between anticoagulation alone and
reperfusion therapy with respect to all-cause
death (6.2% vs. 14%, respectively) or PE-
related mortality (4.7% vs. 7.8%, respective-
ly) through a propensity score matched-pairs
analysis. Nevertheless, the authors failed to
provide any information concerning the type
of RHT in that study. We believe that know-
ing the type of RHT is crucial and that it
might have easily influenced the result of
their analysis because the recommended
treatment of in situ thrombosis is anticoagu-
lation alone, as mentioned earlier.

The major disadvantage of thrombolytic
therapy is bleeding. As Chatterjee et al.14

clearly demonstrated in their meta-analysis,
fibrinolytics significantly decreased all-cause
mortality in patients with PE at the expense
of a considerable increase in major and
intracranial bleeding. The bleeding compli-
cations were also the main reason for
neutralization of the survival effect of
thrombolytic therapy in patients with sub-
massive PE in the famous PEITHO trial.15

Consequently, investigators have proposed
various strategies for decreasing the hemor-
rhagic adverse events, and one of these strat-
egies is half-dose or safe-dose thrombolytic
therapy. In an early reports, Sharifi et al.3

compared the value of half-dose fibrinolytics
with that of anticoagulation alone in
patients with submassive PE. The primary
end point of the study was a reduction in

the pulmonary artery pressure, which devel-
oped in 16% of the anticoagulation-only
group and 57% of the thrombolytic group
(P< 0.001). Sharifi et al.3 also reported that
the length of hospital stay and a combina-
tion of death and recurrent PE were signifi-
cantly decreased in the patients receiving
fibrinolytics. Furthermore, they reported no
bleeding complications in either of the
groups. Kiser et al.16 recently published a ret-
rospective cohort study comparing half-dose
and full-dose thrombolytic therapies in
patients with PE. Although the need for treat-
ment escalation was more frequent in the
half-dose group (53.8% vs. 41.4%,
P< 0.01), hospital mortality was reported
similar in both groups (13% vs. 15%). The
superiority of the half-dose regimen in terms
of bleeding adverse events was also demon-
strated by Wang et al.17 in their small trial
comparing half-dose and full-dose regimens
(3% vs. 10%, respectively) in patients with
submassive PE.

In our small case series, we evaluated the
safety and efficacy of half-dose thrombolytic
therapy in patients presenting with PE and
FRHT. Our first group of patients had a
considerable risk of hemorrhagic events; there-
fore, we concluded that full-dose thrombolytic
therapy had an increased risk of adverse
events and consequently opted for the half-
dose strategy. Notably, we categorized all
patients as having submassive PE, for which
the clinical value of full-dose fibrinolytics is
still debated. Apart from the full resolution
of intracardiac thrombosis, the imaging
follow-up during hospitalization showed that
the right heart echocardiographic indices were
also significantly improved, which can be of
prognostic importance considering the con-
comitant PE. The half-dose regimen was also
successful in resolving the thrombi accompa-
nying the device (case 3), which at first glance
might have required a larger dose of throm-
bolytic therapy. Importantly, no minor or
major bleeding complications occurred in
this small, albeit high-risk, population. As
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described in Cases 6 and 7, we still do not

recommend the application of this method

for a clot in transit from a PFO because of

potential left heart embolization during

thrombolytic therapy. Data on the present

group of patients were collected from our

PE registry, in which all patients routinely

undergo a strict follow-up program. During

the 1-year follow-up, the first three patients

and the sixth and seventh patients had signif-

icant RV function recovery with no CTEPH

development or venous thromboembolic

event recurrence. The patient with CTEPH

(Case 4) was referred for balloon pulmonary

angioplasty and developed two more epi-

sodes of segmental PE. Further tests revealed

positive antiphospholipid antibodies. Finally,

our fifth patient, who had severe heart fail-

ure, exhibited no significant improvement in

the RV function compared with his discharge

evaluation; however, no further venous

thromboembolic events occurred.
In conclusion, half-dose thrombolytic

therapy was a successful strategy in the

treatment of FRHT, with satisfactory

efficacy in resolving both intracardiac

and pulmonary vasculature thromboses as

well as potentially lowering the risk of

bleeding. The suggested regimen must be

tested in larger series before its use becomes

more widespread, which is rather difficult

because of the low prevalence of

this condition.
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