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Objective: Thrombolytic and anticoagulation therapy modalities are the possible treatment for submassive pulmonary embolism (PE). However, the indications are still the subject of debate. The aim of the present study was to compare the efficacies of thrombolytic and standard anticoagulation treatment modalities on mortality and also to determine the safety of
thrombolytic treatment in subjects with submassive PE.
Materials and Methods: Subjects with submassive PE were recruited from the intensive care unit (ICU). Demographic
data, comorbidity, bedside echocardiography (ECHO) findings, treatment procedure, treatment-related side effects, and total
length of stay in the hospital and ICU were collected. Control ECHO was performed 48 h after the initiation of treatment.
Short-term and 1-year mortality rates were recorded. The correlation between the increased risk for major bleeding and
thrombolytic treatment was assessed.
Results: A total of 54 subjects were enrolled during the study period. The median age of the subjects was 66 (54–73) years.
Of the 54 subjects, 18 (33.3%) underwent thrombolytic treatment, and 36 (66.7%) received standard anticoagulation therapy. Short-term and 1-year mortality rates were statistically lower in subjects who received thrombolytic therapy (p=0.02
and p=0.04, respectively). The reduction in mean pulmonary arterial pressure was significantly higher in the thrombolytic
treatment group (p<0.001). Risk for major bleeding was similar between the two.
Conclusion: Thrombolytic therapy may reduce the mortality rates in subjects with submassive PE without an increase in
the risk of major bleeding.
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INTRODUCTION
Pulmonary embolism (PE) is a blockage of the main artery of the lung or one of its branches by a substance that
has traveled from elsewhere in the body throughout the bloodstream. It is subdivided into massive, submassive,
and nonmassive categories. The classification of acute PE severity is based on the risk of early death, which is
influenced by demographic factors, comorbidity, and the functional status of the right ventricle (RV) under acute
pressure overload (1). Shock or persistent arterial hypotension, indicating overt RV failure at presentation, has
long been identified as a key determinant of poor prognosis and represents the only widely accepted indication
for (systemic) thrombolytic therapy to date. In contrast, anticoagulation remains the primary treatment option for
patients who were normotensive who present with imaging findings that indicate RV dysfunction and biochemical
evidence of myocardial injury (2–4).
Right ventricular failure and myocardial injury are the main pathophysiological changes of acute PE that are directly associated with the prognosis of the subjects. Subjects with acute PE with right ventricular dysfunction have
higher mortality rates than those with normal right ventricular function (5).
Anticoagulation is the main treatment modality for submassive PE. On the other hand, although the rapid resolution of PE is accompanied by an improvement in right ventricular function and prognosis, the indications for
thrombolytic treatment are still under debate in subjects with submassive PE. The severity of symptoms and survival are strongly associated with right ventricular function in a case of PE. Despite its importance, little is known
about the mechanisms of right ventricular failure in subjects with submassive PE, and only few trials have been
conducted in hemodynamically stable subjects to address the clinical outcomes (6). The establishment of the indicators of right ventricular function and structure, in particular those measured non-invasively, may be used to assess
the prognosis and response to therapy. Currently, echocardiography (ECHO) is the most widely used non-invasive
technique for this purpose, and the measurement of mean pulmonary arterial pressure (mPAP) by ECHO may be
an appropriate indicator of right ventricular function. In addition to this, it is necessary for physicians to evaluate
the benefits of thrombolytic therapy against the increased risk of bleeding (7, 8).
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The aim of the present study was to compare the efficacies of
thrombolytic and standard anticoagulation therapy modalities on
mortality and also to determine the safety of thrombolytic therapy
in subjects with submassive PE.

MATERIALS and METHODS
Patients
In this single-center study, data of subjects with submassive PE referred to the intensive care unit (ICU) at a tertiary, academic training hospital between January 2012 and December 2014 were retrospectively reviewed. The study was approved by the local ethics
committee (February 8, 2010/263). Written informed consent was
obtained from all subjects for thrombolytic therapy.
Exclusion criteria were subjects with a blood platelet count of
<100×109/L, known neoplasia, renal insufficiency in dialysis, uncontrolled heart failure, and an active or a history of intracranial
hemorrhage or visceral bleeding.
The criteria for thrombolytic and standard anticoagulation therapy
modalities were defined as massive PE presenting with sustained
hypotension (systolic blood pressure (SBP) <90 mm Hg for at least
15 min or requiring inotropic support, not due to a cause other
than PE), pulselessness, or persistent profound bradycardia.
Submassive PE refers to patients with acute PE without systemic
hypotension (SBP ≥90 mm Hg) but with evidence of either RV dysfunction or myocardial necrosis. RV dysfunction parameters refer
to the presence of at least one of the following (9):
•

RV dilation (apical four-chamber RV diameter divided by left
ventricle (LV) diameter >0.9) or RV systolic dysfunction on
ECHO,

•

RV dilation (four-chamber RV diameter divided by LV diameter
>0.9) on computed tomography (CT),

•

elevation of brain-type natriuretic peptide (>90 pg/mL),

•

elevation of N-terminal pro-brain-type natriuretic peptide
(>500 pg/mL),

•

electrocardiographic changes (new complete or incomplete
right bundle branch block, anteroseptal ST elevation or depression, or anteroseptal T wave inversion).

Subjects with confirmed recent submassive PE (symptoms onset
<15 days), significant perfusion defects, mPAP ≥50 mm Hg revealed by ECHO, and with no contraindication for thrombolytic
agent were given thrombolytic therapy.
Measurements
Demographic data, such as age and gender, risk factors of PE,
comorbidities, bedside ECHO findings, treatment procedure,
treatment-related side effects, and total length of stay in the hospital and ICU were recorded. The diagnosis was confirmed by the
multidetector CT angiography of the thorax. Control ECHO was
performed 48 h after the initiation of treatment. Short-term and
1-year mortality rates were calculated separately. The term ‘’shortterm mortality” was used to determine the mortality rate in the first
2 weeks after the administration of treatment.
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Thrombolytic/Anticoagulation Therapy
For the thrombolytic therapy group, a total of 100 mg recombinant
tissue plasminogen activator were added to 100 mL physiological
saline solution that was infused by using an infusion pump for 2 h.
After the completion of thrombolytic therapy, following recovery to
less than twofold the basic value of activated partial thromboplastin time (aPTT), intravenous unfractionated heparin infusion (80
units/kg as a loading dose and then 18 units/kg/h continuous infusion) was started. The dose of unfractionated heparin infusion was
adjusted according to the aPTT of the subjects that was checked
every 4 h. Warfarin was added to unfractionated heparin therapy
in the first 24 h of treatment. Once the international normalized
ratio (INR) reached the therapeutic level (INR=2.0–3.0) for at least
2 days, heparin was discontinued, and warfarin was administered
as an oral anticoagulant therapy for at least 3 months.
For the standard anticoagulation group, unfractionated heparin
infusion (80 units/kg as a loading dose and then 18 units/kg/h
continuous infusion) was initiated on admission, and warfarin was
added to this infusion in the first 24 h of treatment. The dose
of unfractionated heparin infusion was regulated according to the
aPTT of the subjects that was checked every 4 h. Once the INR
reached the therapeutic range (INR=2.0–3.0) for at least 2 days,
unfractionated heparin infusion was discontinued, and warfarin
was administered as a single oral anticoagulant agent for at least
3 months.
Statistical Analysis
All analyses were performed using IBM SPSS Statistics version
17.0 (IBM, Armonk, NY, USA). Shapiro–Wilk test was used to
test the normality of data. Continuous variables were expressed
as medians (25th–75th percentiles). Mann–Whitney U test was used
for comparison of continuous variables. Categorical variables were
expressed as numbers (%). Fisher’s exact test was used for comparison of categorical variables. A p-value of <0.05 was considered to
be statistically significant.

RESULTS
A total of 54 subjects were analyzed during the study period. The
study included 29 (53.7%) male subjects. The median age of the
subjects was 66 (54–73) years.
Of the 54 subjects, 18 (33.3%) underwent thrombolytic treatment,
and 36 (66.7%) received standard anticoagulation therapy. Risk
factors of PE, comorbid diseases, and length of stay in the ICU and
hospital were comparable between the two groups. The median
mPAP value on admission was significantly higher in subjects who
received thrombolytic therapy (p=0.001). Control ECHO that was
performed 48 h after the initiation of treatment revealed a significantly higher reduction of mPAP value in the thrombolytic therapy
group than in the standard anticoagulation group. Short-term and
1-year mortality rates were significantly lower in the thrombolytic
therapy group than in subjects who received standard anticoagulation therapy (Table 1).
No treatment-related side effect was observed in the anticoagulation group. However, minor bleeding (epistaxis) occurred only
in 2 (11.1%) subjects secondary to thrombolytic therapy, and
bleeding could be controlled by symptomatic treatment. There

Erciyes Med J 2019; 41(2): 175–9

177

Çimen et al. Thrombolytic Therapy in Submassive Pulmonary Embolism

Table 1. Demographic data and outcomes
		
Gender (male/female), n
Coexisting disorders, n (%)

Thrombolytic therapy (n=18)

Standard anticoagulation (n=36)

p

11/7

18/18

.56

9 (50)

27 (75)

.12

12 (67)

20 (56)

.56

mPAP1, mm Hg

68 (60–80)

55 (40–60)

.001

mPAP2, mm Hg

38 (30–45)

50 (40–60)

.004

mPAP reduction after treatment, %

46 (33–55)

9 (0–13)

<.001

5 (3–7)

4 (3–7)

.48

Risk factors of pulmonary embolism, n (%)

Length of ICU stay, days
Length of hospital stay, days
Short-term mortality, n (%)
1-year mortality, n (%)

11 (8–15)

9 (7–14)

.29

0 (0)

10 (27.7)

.02

1 (5.6)

12 (33.3)

.04

PAP: Pulmonary arterial pressure; mPAP1: Mean PAP value on admission; mPAP2: Mean PAP value 48 h after the administration of treatment; ICU: Intensive care unit

was no statistically significant increase in major bleeding with
thrombolytic therapy when compared with standard anticoagulation therapy (p>0.05).

DISCUSSION
The study revealed that thrombolytic treatment may reduce shortterm mortality and is also associated with lower 1-year mortality in
subjects with submassive PE than standard anticoagulation therapy.
In addition, it was shown that thrombolysis leads to more reduction
in the median of mPAP values, reverses right ventricular function,
and restores pulmonary tissue perfusion. The present study failed
to demonstrate the reduction of both total length of stay in the
hospital and length of stay in the ICU in the thrombolysis group.
Another finding was that the differences in the bleeding rates of the
two treatment modalities were not statistically significant.
Acute PE often occurs rapidly and unpredictably, and it is a potentially fatal disorder with highly varying mortality rates. Fast and
accurate diagnostic procedure and proper treatment may reduce
the rate of mortality (10–12). Thrombolytic therapy is able to directly dissolve thrombi and appears to accelerate the resolution of
PE that helps to improve right ventricular dysfunction and myocardial damage. However, the usage of thrombolytic agents in the
treatment of submassive PE remains controversial. The European
Society of Cardiology guidelines for the treatment of acute PE recommend anticoagulation therapy for nonmassive PE (13), whereas
the 2008 American College of Chest Physicians evidence-based
clinical practice guidelines consider thrombolytic therapy as an option for subjects with a low risk of bleeding (14).
Increased afterload leads to right ventricular dysfunction in a case of
submassive PE. Increased PAP is one of the hemodynamic factors
directly related to right ventricular function and has been identified
as a significant predictor of mortality in a case of right heart failure.
In the present study, thrombolytic agents were especially administered to subjects with higher PAP values for the rapid resolution of
clots. As a result, PAPs demonstrated by control ECHO after 48 h
were significantly lower in the thrombolytic therapy group than in
the anticoagulation group. Consistent with our data, Fei et al. announced significantly lower PAP values in subjects who underwent

thrombolysis than in those who underwent standard anticoagulation treatment (15). It is possible that thrombolytic treatment is
more effective in the reduction of mPAP and improvement of right
ventricular function than standard anticoagulation therapy.
The length of stay in the hospital and the length of stay in the ICU
are possible indicators to demonstrate the effectiveness of thrombolytic treatment in subjects with submassive PE. In the present
study, there was no difference in the reduction of both these parameters when two treatment modalities were compared. Berghaus
et al. demonstrated a reduction of the total median length of stay
in the hospital in subjects who underwent thrombolytic treatment.
However, they could not demonstrate the reduction in the length
of stay in the ICU, consistent with the results of the present study.
The possible explanation for this difference is that there were some
differences in the parameters that may affect these durations, such
as age and comorbidities, between the subjects of the present study
and the subjects they analyzed. Another possible reason of this
situation is the tendency of the physicians for a longer and close
medical follow-up of the thrombolytic group, which originates from
the fear of bleeding (16).
The short-term mortality rate of submassive PE ranges from
3% to 15% (17, 18). Different in-hospital mortality rates were
demonstrated in different studies of subjects with submassive PE
to whom the thrombolytic agent was administered. Meneveau et
al. observed the overall in-hospital mortality rate as 8.8% in their
study, which was the first study to evaluate the short- and long-term
effects of thrombolytic therapy in a large cohort of subjects with
massive and submassive PE (19). The International Cooperative
Pulmonary Embolism Registry investigators announced the mortality rate as 11.4% at 2 weeks of thrombolytic treatment (20).
The thrombolytic arm of the Management Strategy and Prognosis
of Pulmonary Embolism registry reported the short-term mortality
rate as 4.7% at 4 weeks of thrombolytic treatment (21). As a new
approach, some studies revealed that low-dose, brief duration infusions of alteplase may improve the efficacy of anticoagulation alone
for submassive PE, without conferring a high risk of bleeding, particularly in patients who have not had recent major surgery (22).
In the treatment of PE, recanalization procedures do not appear
to offer a clear advantage compared with standard anticoagulation.
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Low-dose thrombolysis was associated with the lowest probability
of dying and bleeding (23). The short-term mortality rate observed
in the present study was 0% at 2 weeks of thrombolytic treatment.
This rate is expressively lower than the short-term mortality rates
demonstrated in the majority of previous studies.
It was shown that thrombolytic therapy preserves the diffusing capacity of the lung and improves the pulmonary capillary blood flow
volume at the end of the first year (1, 3). In the present study,
thrombolytic treatment was found to be statistically correlated with
a higher survival rate at 1 year of treatment than anticoagulation
therapy. The survival rate at 1 year of thrombolytic treatment was
94.4% and similar to previous studies. Consistent with previous
data, in the present study, the cause of death between week 2 and
year 1 of thrombolytic treatment was not associated with thrombolysis procedure or PE itself. Only one subject died due to acute
myocardial infarction. A study containing 249 subjects demonstrated that the survival rate at 1 year of thrombolytic treatment
was 92%, and the main reason of death was cancer. Only 20% of
the deaths were directly related to PE and thrombolytic treatment
(18% recurrent PE and 2% bleeding events) (19).
As a result, it may be possible to hypothesize that thrombolytic
treatment has a capability to reduce the short-term and 1-year mortality rates in subjects who survived after an acute episode of submassive PE. In addition, the majority of the reasons for the deaths
are not related to the complication or insufficiency of thrombolysis
(recurrent PE), supporting the efficacy of this treatment modality.
Although thrombolytic treatment dissolves clots to accelerate the
resolution of PE, some authors do not support the routine use
of thrombolytic agents in subjects who were normotensive with
signs of right ventricular dysfunction (24–26). The bleeding complications of thrombolytic treatment have been demonstrated to
be notably higher than those of anticoagulation treatment. The
use of thrombolytic agents should be weighed against the risk of
severe bleeding (27). The overall major bleeding may reach up to
20% (28). Especially the fear of bleeding complications is still the
main reason to avoid the administration of thrombolytic agents. In
the present study, only two subjects suffered from minor bleeding
(epistaxis) related to thrombolytic treatment, whereas no bleeding
was observed in the anticoagulation group. A study consisting of
50 subjects reported that the bleeding rate of thrombolytic treatment was significantly higher than that of anticoagulation treatment; however, the authors predominantly observed dermatorrhagia, particularly at the sites of blood vessel paracentesis (15). Cao
et al. (29) and Nakamura et al. (30) also could not demonstrate the
increased risk of major bleeding related to thrombolytic agents.
Conversely, Geibel et al. reported a more than threefold increase
in major bleeding related to thrombolytic treatment especially in
female subjects with submassive PE. These different rates indicate
the importance of assessing the risk of bleeding before the administration of thrombolytic agents. In addition, it may be possible to
hypothesize that thrombolysis is not a very dangerous process as
it is feared of (31).
Despite the high incidence of acute PE worldwide, many questions on
the optimal management of severe PE remain to be answered. Owing
to the large spectrum of clinical presentation and outcomes, treatment has to be adapted according to the initial risk stratification (32).

Erciyes Med J 2019; 41(2): 175–9

As a limitation, first, this was not a randomized control trial that
is the best study design to compare the effects of two treatment
modalities. Second, these data reflect the attitudes and outcomes
of subjects of a single center that limits the generalizability of the
results. Third, the sample size was small due to the limited period
of the study.

CONCLUSION
Thrombolytic therapy appears to be an effective and safe modality
for the treatment in subjects with submassive PE. It should be administered especially to those selected subjects who have increased
right ventricular afterload, low risk of bleeding, and an expectation for a long survival time. In addition, bleeding risk should be
assessed carefully and individually prior to the administration of
thrombolytic treatment. Further randomized study with a large
sample size is needed for final conclusion.
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