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Abstract. This study aimed to compare the efficacy and safety 
of thrombolytic and anticoagulant therapy for acute submas-
sive pulmonary embolism (PE). A retrospective evaluation was 
performed on 25 consecutive inpatients with acute submassive 
PE treated by thrombolytic therapy and 25 earlier consecutive 
inpatients with acute submassive PE treated by anticoagulant 
therapy. No statistically significant difference in clinical 
curative effect was identified between the thrombolysis and 
anticoagulation groups (P>0.05). Following 24 h of therapy, 
the improvement rates of dyspnea and revascularization in the 
thrombolysis group achieved statistical significance compared 
with those of the anticoagulation group (P<0.01 for each). 
The PO2 level of the thrombolysis group (81.18±5.66 mmHg) 
was notably higher than that of the anticoagulation group 
and the difference was statistically significant (P<0.01). 
The pulmonary arterial pressures of the thrombolysis group 
(51.21±6.86 mmHg) were significantly lower than those of 
the anticoagulation group (60.64±5.17  mmHg) (P<0.01). 
Furthermore, the difference between the hemorrhage rates 
of the two groups was statistically significant (P<0.05). 
Thrombolysis was shown to rapidly relieve dyspnea, reduce 
pulmonary arterial pressure and revascularize the embolized 
blood vessels. However, the hemorrhage rate of the thrombol-
ysis group was higher than that of the anticoagulation group. 
The overall efficacies and fatality rates of the thrombolysis 
and anticoagulation groups were similar.

Introduction

Pulmonary embolism (PE) is a clinical and pathophysiological 
syndrome caused by endogenous or exogenous embolysis 
infarcting the pulmonary artery or its branches and inducing 
disturbances in the pulmonary circulation. The incidence and 
fatality rates of PE are high. The fatality rate of untreated PE 
is 30%; however, early diagnosis and active treatment may 
reduce the fatality rate by between 3 and 10% (1‑3).

PE is classically subdivided into massive, submassive and 
nonmassive stratifications. Massive PE occurs with hemody-
namic instability [systolic blood pressure (BP) <90 mmHg]. 
Nonmassive PE is defined as normotensive PE without signs 
of right ventricular dysfunction (RVD) and myocardial 
damage, while submassive PE is defined as normotensive PE 
with signs of RVD and/or myocardial damage. The short‑term 
mortality rate of submassive PE ranges from 3 to 15% (4,5). 
For nonmassive PE, the use of anticoagulant therapy is 
routine. However, the appropriate therapy for submassive PE 
remains controversial (6).

While anticoagulation treatment does not directly dissolve 
the clot, it is the basic treatment for PE, as it halts the propa-
gation of the thrombus, leaving the existing thrombus to the 
natural fibrinolytic system. It is necessary for anticoagulation 
treatment to be performed immediately, at the first instance 
of clinical suspicion of PE (7). Compared with thrombolytic 
therapy, anticoagulant therapy is mild and may feature 
hemorrhagic complications. Gould et al (8) revealed that the 
incidence of major bleeding from anticoagulant therapy was 
1.9%, with a fatal hemorrhage rate of 0.2%. Thrombolytic 
therapy was first introduced to treat PE in the 1960s and has 
continued to provide marked angiographic improvements (9). 
Thrombolytic therapy has since been uninterruptedly admin-
istered to patients with acute PE, resulting in significant 
treatment efficiency rates (10‑13). Thus, thrombolytic therapy 
is a widely accepted standard treatment for patients with 
hemodynamic instability (5). However, thrombolytic therapy 
presents several disadvantages. For instance, thrombolytic 
therapy has increased bleeding risks compared with antico-
agulant therapy (14). Thrombolytic therapy is able to directly 
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dissolve clots to accelerate the resolution of PE, which may 
appear to be more effective compared with the use of anti-
coagulants. However, it is necessary for physicians to assess 
the thrombolytic benefits against the significantly increased 
hemorrhagic risks (14,15). To date, the clinical outcomes of 
thrombolytic therapy remain incompletely understood, which 
further increases the controversy of thrombolytic therapy in 
submassive PE. The present study aimed to evaluate the treat-
ment of acute submassive PE with standard thrombolytic or 
anticoagulant therapy and compare the efficacies and safeties 
of the two treatment procedures.

Materials and methods

Patients and methods. A retrospective study was undertaken, 
in which a total of 50 consecutive inpatients with acute submas-
sive PE from January 2005 to August 2011 were selected. The 
inclusion criteria were as follows: age ≤75 years and disease 
period <1 week. The exclusion criteria included patients with 
chronic thromboembolic pulmonary hypertension without 
recent new‑onset acute pulmonary embolism, patients with 
active visceral bleeding or spontaneous intracranial hemor-
rhage or those with a history of cardiopulmonary resuscitation, 
a blood platelet count of <100x109/l, patients with minimally 
controlled severe hypertension, liver/kidney insufficiency or 
diabetic hemorrhagic retinopathy and pregnant patients. The 
selection yielded 34 male and 16 female patients, ranging in age 
from 39 to 72 years (average age, 57.22±8.97 years). The present 
study was conducted in accordance with the Declaration of 
Helsinki and with approval from the Ethics Committee of 
Qilu Hospital of Shandong University (Jinan, China). Written 
informed consent was obtained from all participants. Following 
treatment and analysis, the two groups did not show statisti-
cally significant variances in clinical data, such as age, gender, 
embolism location and concomitant diseases (P>0.05). For 
the thrombolysis group, 20,000 U/kg urokinase was added to 
100 ml physiological saline, which was infused using an infu-
sion pump for 2 h. The thrombolysis treatment was a single 2-h 
infusion only. Subsequent to the completion of the thrombolytic 
therapy, the activated partial thromboplastin time (APTT) of 
the patients was checked every 4 h. Following recovery to less 
than two‑fold the basic control value, fraxiparine (0.1 ml/10 kg) 
was infused by subcutaneous injection. For the anticoagulation 
group, fraxiparine (0.1 ml/10 kg) was infused by subcutaneous 
injection every 12 h, for 14 days. Warfarin was subsequently 
administered as an oral anticoagulant therapy for ≥3 months.

Observation items and indices. Symptoms and signs, blood 
gas and D‑dimer levels, echocardiography test results and 
computed tomography pulmonary angiography (CTPA) find-
ings were monitored prior to and following each instance of 
thrombolytic or anticoagulant therapy.

Adverse reaction observation. The incidences of hemor-
rhage, dermatorrhagia, visceral bleeding and intracranial 
hemorrhage, as well as the incidence of heparin‑induced 
thrombocytopenia (HIT), were observed.

Main index of performance assessment. The performances 
of the two therapies were assessed using calculations of total 

effectiveness (curative rate + excellent rate + effective rate), 
hemorrhage and mortality rates.

Standards for judging the clinical curative effect. Clinical 
curative effect was classified with the following terms: 
i) ‘Cure’ meant that the dyspnea had predominantly disap-
peared, the chest pain was totally relieved and that the patient 
was cured or basically cured according to the imaging results; 
ii) ‘excellent’ meant that it was the dyspnea that had mark-
edly disappeared, the chest pain was markedly relieved and 
imaging showed effectiveness; iii) ‘efficiency’ meant that the 
dyspnea was ameliorated, the chest pain was partially relieved 
and imaging showed effectiveness; iv) ‘inefficiency’ meant 
that the dyspnea and chest pain were not ameliorated and that 
imaging showed no effectiveness; v) ‘aggravation’ meant that 
symptoms, such as dyspnea and chest pain, were worse and 
that imaging showed a deterioration; and vi) mortality.

Statistical analysis. Statistical analysis was performed using 
the SPSS  10.0 statistical software package (SPSS, Inc., 
Chicago, IL, USA). Data were compared using the Student's 
t‑test and the U‑test. Measurement data are presented as the 
mean ± SD P<0.05 was considered to indicate a statistically 
significant result.

Results

Of the 50 enrolled patients, 25 underwent thrombolysis and 
25  received anticoagulant therapy. The two groups had a 
similar demographic baseline. After 24 h, the thrombolytic 
therapy was shown to significantly improve the rate of dyspnea 
compared with the anticoagulant therapy (P<0.01); however, 
no statistical differences were observed between the two treat-
ments after 7 and 14 days and 1 month (Table I). Twenty‑four 
hours after treatment, the chest pain was ameliorated in 28.6% 
of the patients in the thrombolysis group compared with 20.0% 
in the anticoagulation group (P>0.05). At 7 days after treatment 
initiation, 71.4 and 80.0% of the patients in the thrombolysis 
and anticoagulation groups, respectively, showed improvements 
with regard to chest pain (P>0.05), while at 14 days, improve-
ments were shown in 85.7 and 80.0% of the patients, respectively 
(P>0.01). None of the patients had any chest pain after 1 month 
(Table II). After 24 h, the partial pressure of oxygen (PO2) 
of the thrombolysis group (81.2± 5.7 mmHg) was markedly 
higher than that of the anticoagulation group (74.9±8.4 mmHg) 
(P<0.01); however, no statistically significant differences were 
observed between the groups after 7 and 14 days and 1 month 
(Table  III). Twenty‑four hours after thrombolytic therapy, 
the D‑dimer levels of the thrombolysis group increased. 
Furthermore, the difference between the groups was statically 
significant (t=2.205, P=0.037) at this time‑point; however, 
no significant differences in D‑dimer levels were observed 
after 7 and 14 days and 1 month (Table IV). No statistically 
significant differences were observed between the two groups 
with regard to the partial pressure of carbon dioxide (PCO2; 
Table V). Twenty‑four hours after therapy, the pulmonary arte-
rial pressures of the thrombolysis group (51.2±6.9 mmHg) were 
significantly lower than those of the anticoagulation group 
(60.6±5.2 mmHg) (P<0.01); however, no significant differences 
were observed at 7 and 14 days and 1 month (Table VI). The 
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revascularization rate 24 h after therapy in the thrombolysis 
group was significantly higher than that in the anticoagulation 
group (P<0.01); however, no statistically significant differences 
were observed between the groups at 14 days and 1 month 
(Table VII). The difference in hemorrhage rates between the 

two groups was statistically significant (P<0.05; Table VIII). It 
was observed that the type of hemorrhaging was subcutaneous 
hemorrhage in the two groups and the thrombolytic group had 
the higher hemorrhage rate. No statistical significance with 
regard to the difference in the clinical curative effects between 

Table I. Improvement in dyspnea in the thrombolysis and anticoagulation groups.

	 No. of patients with dyspnea (improvement rate, %)	
	 --------------------------------------------------------------------------------------------------------------
Time‑point	 Thrombolysis group	 Anticoagulation group	 P-value

Prior to treatment	 25	 25
24 h after treatment	 14 (44.0)	 21 (16.0)	 <0.01
7 days after treatment	 2 (92.0)	 3 (88.0)	 >0.05
14 days after treatment	 0 (100)	 0 (100)	 >0.05
1 month after treatment	 0 (100)	 0 (100)	 >0.05

Table II. Chest pain improvements in the thrombolysis and anticoagulation groups.

	 No. of patients with chest pain (improvement rate, %)	
	 -------------------------------------------------------------------------------------------------------------
Time‑point	 Thrombolysis group	 Anticoagulation group	 P-value

Prior to treatment	 7	 5
24 h after treatment	 5 (28.6)	 4 (20.0)	 >0.05
7 days after treatment	 2 (71.4)	 1 (80.0)	 >0.05
14 days after treatment	 1 (85.7)	 1 (80.0)	 >0.05
1 month after treatment	 0 (100)	 0 (100)	 >0.05

Table III. Oxygen partial pressure (PO2) improvements in the thrombolysis and anticoagulation groups.

	 PO2 (mmHg)
	 ------------------------------------------------------------------------------------------------------------
Time-point	 Thrombolysis group	 Anticoagulation group	 P-value

Prior to treatment	 65.2±8.2	 68.5±9.2	 >0.05
24 h after treatment	 81.2±5.7	 74.9±8.4	 <0.01
7 days after treatment	 89.1±5.5	 87.4±6.6	 >0.05
14 days after treatment	 92.1±5.4	 91.4±5.0	 >0.05
1 month after treatment	 92.3±4.7	 92.7±4.5	 >0.05

Table IV. D-dimer improvements in the thrombolysis and anticoagulation groups.

	 D-dimer (mg/l)
	 -------------------------------------------------------------------------------------------------------------
Time-point	 Thrombolysis group	 Anticoagulation group	 P-value

Prior to treatment	 1.08±0.48	 1.21±0.50	 >0.05
24 h after treatment	 1.27±0.53	 0.95±0.47	 <0.05
7 days after treatment	 0.60±0.29	 0.52±0.32	 >0.05
14 days after treatment	 0.39±0.16	 0.36±0.19	 >0.05
1 month after treatment	 0.33±0.14	 0.37±0.15	 >0.05

https://www.spandidos-publications.com/10.3892/etm.2013.1355


FEI et al:  THROMBOLYTIC AND ANTICOAGULANT THERAPY FOR PULMONARY EMBOLISM106

the thrombolysis and anticoagulation groups was identified 
(P>0.05), and the fatality rates for the two groups were iden-
tical at 4% (P>0.05; Table IX).

Discussion

PE remains a challenging condition to treat due to its high rate 
and mortality (3). Guidelines for the treatment of acute PE 
include those from the European Society of Cardiology, which 

recommends the use of thrombolytic therapy for massive PE 
and anticoagulant therapy for nonmassive PE (6). The 2008 
American College of Chest Physicians Evidence‑Based 
Clinical Practice Guidelines recommends that for submassive 
PE, thrombolytic therapy is an option for patients with a low 
risk of bleeding, with the administration of thrombolytics being 
dependent on the clinical assessment of PE severity, prognosis 
and bleeding risk (16). The use of thrombolytic agents in the 
treatment of submassive PE remains controversial.

Table VI. Pulmonary arterial pressure improvements in the thrombolysis and anticoagulation groups.

	 Pulmonary arterial pressure (mmHg)
	 -------------------------------------------------------------------------------------------------------------
Time-point	 Thrombolysis group	 Anticoagulation group	 P-value

Prior to treatment	 64.8±6.2	 63.6±6.2	 >0.05
24 h after treatment	 51.2±6.9	 60.6±5.2	 <0.01
14 days after treatment	 35.2±7.0	 36.7±8.0	 >0.05
1 month after treatment	 29.3±4.8	 28.8±5.1	 >0.05

Table VII. Revascularization rates in the thrombolysis and anticoagulation groups.

	 Revascularization rate (%)
	 --------------------------------------------------------------------------------------------------------------
Time-point	 Thrombolysis group	 Anticoagulation group	 P-value

24 h after treatment	 22.9	   5.5	 <0.01
14 days after treatment	 54.7	 52.1	 >0.05
1 month after treatment	 86.6	 87.3	 >0.05

Table VIII. Hemorrhagic complications of the two treatment protocols (n=25 per group).

Hemorrhagic complication	 Thrombolysis group	 Anticoagulation group	 P-value

Subcutaneous hemorrhage (n)	 3	 1	
Gingival bleeding (n)	 0	 0	
Epistaxis (n)	 0	 0	
Hemoptysis (n)	 0	 0	
Microscopic hematuria (n)	 0	 0 	
Total bleeding rate (%)	 12	 4	 <0.05

Table V. Carbon dioxide partial pressure (PCO2) improvements in the thrombolysis and anticoagulation groups.

	 PCO2 (mmHg)
	 -------------------------------------------------------------------------------------------------------------
Time-point	 Thrombolysis group	 Anticoagulation group	 P-value

Prior to treatment	 32.2±4.9	 33.7±5.3	 >0.05
24 h after treatment	 35.8±3.5	 35.1±4.2	 >0.05
7 days after treatment	 39.3±3.8	 38.9±3.5	 >0.05
14 days after treatment	 39.7±3.1	 39.2±3.6	 >0.05
1 month after treatment	 40.3±3.8	 40.8±3.4	 >0.05
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Since the discovery of heparin in 1918, the anticoagulation 
method has been used for almost a hundred years to treat and 
prevent thromboembolic diseases. Anticoagulation is the basic 
treatment for PE since sufficient anticoagulant therapy is able 
to effectively prevent the propagation of the thrombus and 
dissolve the formed thrombus, via the fibrinolytic system of the 
body, thus reducing the number of mortalities from a relapse 
of pulmonary embolism (7). Sufficient anticoagulant therapy 
may avoid the relapse of pulmonary embolism and reduce 
fatality by 75% (17,18). However, anticoagulation treatment 
may result in several complications, such as hemorrhaging and 
HIT, with unfractionated or low‑molecular weight heparin (7). 

The use of thrombolytic therapy in the treatment of acute 
PE was initiated in the 1960s and was regarded as the ‘brave’ 
last therapeutic tool by the medical field at that time  (9). 
Over the last few years, as highly qualitative thrombolytic 
drugs have been developed and new treatment protocols have 
been explored, the treatment protocol of thrombolysis has 
become increasingly advanced. Thrombolytic therapy directly 
dissolves the thrombi and more rapidly reverses hemody-
namic instability than anticoagulant therapy (19). A study by 
Konstantinides et al (13) revealed that thrombolytic therapy 
significantly reduced mortality in submassive PE compared 
with heparin anticoagulation alone (13). No general consensus 
has been reached as to whether it is more effective for patients 
with acute submassive pulmonary thromboembolism to under-
take thrombolytic or anticoagulant therapy. Certain questions 
with regard to thrombolytic therapy remain subjects of inves-
tigation, although thrombolytic therapy has adopted certain 
guidelines, such as ‘how to make patients get more benefits 
and less adventure’. The bleeding complications of thrombo-
lytic therapy have been demonstrated to be notably higher 
than those of anticoagulant therapy; the overall major bleeding 
rate may reach up to 20% (20), while the risk of catastrophic 
intracranial hemorrhage is 1.9% (21). The present study was 
performed to compare the efficacy and safety of thrombolytic 
and anticoagulant therapies for acute submassive PE.

Efficacy and fatality rate are important indices used to 
determine the curative effect of medicine in cases of PE. In 
the present study, the total clinical efficacies of the two thera-
peutic protocols were 92 and 88%, respectively, and fatality 
rates were 4% for each, without statistical significances. With 
regard to the main clinical symptoms of PE (dyspnea and 

chest pain), all patients showed improvements subsequent 
to the therapies. Dyspnea began to improve between 30 min 
and 2 h after thrombolytic therapy, which was notably faster 
than with anticoagulant therapy. The difference between the 
two groups at 24 h after therapy was statistically significant 
(U=4.320, P<0.01). However, the two groups required 1‑7 days 
for marked improvements and total remission, during which 
time the thrombolytic therapy dissolved or partially dissolved 
emboli to restore blood circulation to the lungs, improved the 
lung ventilation/perfusion ratio and relieved the symptoms of 
the patients. The chest pain of the patients began to improve 
24 h after thrombolytic and anticoagulant therapy and was 
completely relieved at 7‑14 days; no statistically significant 
differences were observed between the treatments. In the blood 
gas analysis, the majority of the patients showed different 
degrees of hypoxemia and hypocapnemia, indicating that 
changes in blood gas analysis have particular clinical value 
for the early diagnosis of PE. Improvements in the blood gas 
analysis of the thrombolysis group occurred earlier than in the 
anticoagulant group. The difference between the two groups 
24 h after thrombolytic or anticoagulant therapy was statisti-
cally significant (t=2.980, P<0.01), indicating that blood gas 
analysis may be used as an indirect index for the early judgment 
of the efficacy of thrombolytic or anticoagulant therapy. The 
levels of D‑dimers in the thrombolysis group increased 24 h 
after thrombolytic therapy and then decreased; by contrast, the 
D‑dimer levels of the anticoagulation group showed a down-
ward trend. The difference between the two datasets after 24 h 
was statistically significant (t=2.205, P=0.037). The D‑dimer is 
a specific degradation product of cross filament protein under 
the fibrinolytic system (8,22). Thrombin forms markers hours 
subsequent to thrombolysis, resulting in a marked increase in 
the levels of prothrombin fragments (F1+2), thrombin‑anti-
thrombin III compounds and fibrinopeptides, indicating that 
D‑dimers may reflect the dissolution rate of internal emboli. 
The increase in pulmonary arterial pressure in PE is the basis 
for a series of pathophysiological changes, such as impaired 
right ventricular function and shock. Mechanical blockage by 
thromboemboli in the pulmonary artery is the direct cause of 
increases in the pulmonary arterial pressure of patients with 
PE. Thrombolytic therapy may rapidly and partially release 
the mechanical blockage of pulmonary arteries, improve 
hemodynamics and reverse the impairment of right ventricular 
functions. Certain randomized controlled trials (RCTs) have 
demonstrated that 12 h subsequent to thrombolytic therapy 
with urokinase, there was a marked reduction in pulmonary 
arterial pressure, indicating that thrombolysis was able to 
rapidly reduce pulmonary arterial pressure (23). This observa-
tion is very beneficial for patients with acute submassive PE, 
particularly those under critical emergency care. The present 
study showed that the maximum systolic pulmonary arterial 
pressure of the thrombolysis group was notably decreased 
within the first day subsequent to thrombolytic therapy; this 
reduction was statistically significant compared with that of 
the anticoagulant group (t=-4.880, P<0.01). Changes in systolic 
pulmonary arterial pressure, determined by echocardiography, 
may be a good clinical index for determining the effectiveness 
of thrombolytic and anticoagulant therapy. Revascularization 
rate is also an important index by which to determine the 
treatment efficacy for PE. Based on the current study, the revas-

Table IX. Clinical effect in the thrombolysis and anticoagulant 
groups (n=25 per group).

	 Thrombolysis	 Anticoagulation	
Clinical effect	 group	 group 	 P-value

Cure (n)	 17	 18	
Excellent (n)	   3	   2	
Efficiency (n)	   3	   2	
Inefficiency (n)	   1	   2	
Aggravation (n)	   0	   0	
Mortality (n)	   1	   1	
Total efficacy (%)	 92	 88	 >0.05
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cularization rate reached 22.9% in the first day subsequent to 
thrombolytic therapy, whereas only a 5.5% improvement was 
observed with anticoagulant therapy at this time‑point; this 
difference was statistically significant (U=3.525, P<0.01).

The most significant complication of thrombolysis and anti-
coagulant therapy is bleeding. Bleeding may result in severe 
complications, such as intracranial hemorrhages, which are the 
primary cause of crippling or death in treatment; thus, bleeding 
is used as a main index to determine the efficacy of therapy. In 
the present study, the bleeding rate of the thrombolysis group 
was significantly higher compared with that of the anticoagula-
tion group (U=2.085, P<0.05). Hemorrhea (including internal 
and intracranial hemorrhages) was not observed in either group. 
Bleeding was predominantly dermatorrhagia, particularly 
at the sites of paracentesis, which was consistent with other 
studies (24‑26). Therefore, the present study demonstrated that 
thrombolytic and anticoagulant therapies were safe. 

We suggest that patients in a critical condition with low 
risk of bleeding undergo thrombolytic therapy, while patients 
in a mild condition with high risk of bleeding undergo anti-
coagulant therapy. The risk of bleeding should be assessed 
sufficiently prior to the administration of medication. The 
identification of the patient's blood group and preparation of 
blood for transfusion may be of benefit in certain cases. Prior 
to thrombolytic therapy, the use a peripheral vein trocar to 
draw blood for monitoring during the course of treatment 
it desirable, in order to reduce the incidence of blood vessel 
paracentesis and effectively reduce the bleeding rate. When 
necessary, deep veins should be punctured by intra‑arterial 
injection, and pressure should be applied to the peripheral 
vein distal from the puncture site in case of local hematoma. 
Following future studies on large samples, we will focus 
close attention on the efficiency and risk of more time points 
between these two methods. Additionally, more questions 
regarding right heart insufficiency should be investigated.

References

  1.	Heit JA, Melton LR III, Lohse CM, et al: Incidence of venous 
thromboembolism in hospitalized patients vs community 
residents. Mayo Clin Proc 76: 1102‑1110, 2001.

  2.	Ryan MG, Westrich GH, Potter HG, et al: Effect of mechanical 
compression on the prevalence of proximal deep venous 
thrombosis as assessed by magnetic resonance venography. 
J Bone Joint Surg Am 84‑A: 1998‑2004, 2002.

  3.	Sanchez O, Planquette B and Meyer G: Update on acute 
pulmonary embolism. Eur Respir Rev 18: 137‑147, 2009.

  4.	Tapson VF, Carroll BA, Davidson BL, et al; American Thoracic 
Society: The diagnostic approach to acute venous thrombo-
embolism. Clinical practice guideline. Am J Respir Crit Care 
Med 160: 1043‑1066, 1999.

  5.	American College of Emergency Physicians Clinical Policies 
Committee and Clinical Policies Committee Subcommittee on 
Suspected Pulmonary Embolism: Clinical policy: critical issues 
in the evaluation and management of adult patients presenting 
with suspected pulmonary embolism. Ann Emerg Med 41: 
257‑270, 2003.

  6.	Torbicki A, Perrier A, Konstantinides S, et al; ESC Committee 
for Practice Guidelines (CPG): Guidelines on the diagnosis and 
management of acute pulmonary embolism: the Task Force for 
the Diagnosis and Management of Acute Pulmonary Embolism 
of the European Society of Cardiology (ESC). Eur Heart J 29: 
2276‑2315, 2008.

  7.	Tapson VF: Treatment of pulmonary embolism: anticoagulation, 
thrombolytic therapy, and complications of therapy. Crit Care 
Clin 27: 825‑839, 2011.

  8.	Gould MK, Dembitzer AD, Doyle RL, Hastie TJ and Garber AM: 
Low‑molecular‑weight heparins compared with unfractionated 
heparin for treatment of acute deep venous thrombosis. A 
meta‑analysis of randomized, controlled trials. Ann Intern 
Med 130: 800‑809, 1999.

  9.	Hirsh J, Hale GS, McDonald IG, McCarthy RA and Pitt A: 
Streptokinase therapy in acute major pulmonary embolism: 
effectiveness and problems. Br Med J 4: 729‑734, 1968.

10.	Ly B, Arnesen H, Eie H and Hol R: A controlled clinical trial of 
streptokinase and heparin in the treatment of major pulmonary 
embolism. Acta Med Scand 203: 465‑470, 1978.

11.	Marini C, Di Ricco G, Rossi G, Rindi M, Palla R and Giuntini C: 
Fibrinolytic effects of urokinase and heparin in acute pulmonary 
embolism: a randomized clinical trial. Respiration 54: 162‑173, 
1988.

12.	Jerjes‑Sanchez C, Ramirez‑Rivera A, de Lourdes García M, 
et al: Streptokinase and heparin versus heparin alone in massive 
pulmonary embolism: a randomized controlled trial. J Thromb 
Thrombolysis 2: 227‑229, 1995.

13.	Konstantinides S, Geibel A, Heusel G, et  al; Management 
Strategies and Prognosis of Pulmonary Embolism‑3 Trial 
Investigators: Heparin plus alteplase compared with heparin 
alone in patients with submassive pulmonary embolism. N Engl 
J Med 347: 1143‑1150, 2002.

14.	Wan S, Quinlan DJ, Agnelli G and Eikelboom JW: Thrombolysis 
compared with heparin for the initial treatment of pulmonary 
embolism: a meta‑analysis of the randomized controlled trials. 
Circulation 110: 744‑749, 2004.

15.	Dalen JE: The uncertain role of thrombolytic therapy in the 
treatment of pulmonary embolism. Arch Intern Med 162: 
2521‑2523, 2002.

16.	Kearon C, Kahn SR, Agnelli G, et al; American College of Chest 
Physicians: Antithrombotic therapy for venous thromboembolic 
disease: American College of Chest Physicians Evidence‑Based 
Clinical Practice Guidelines (8th Edition). Chest 133 (6 Suppl): 
454S‑545S, 2008.

17.	Büller HR: Treatment of symptomatic venous thromboembolism: 
improving outcomes. Semin Thromb Hemost 28 (Suppl 2): 41‑48, 
2002.

18.	Hyers TM, Agnelli G, Hull RD, et al: Antithrombotic therapy for 
venous thromboembolic disease. Chest 119 (1 Suppl): 176S‑193S, 
2001.

19.	Becattini C, Agnelli G, Salvi A, et al; TIPES Study Group: Bolus 
tenecteplase for right ventricle dysfunction in hemodynamically 
stable patients with pulmonary embolism. Thromb Res 125: 
e82‑e86, 2010.

20.	Fiumara K, Kucher N, Fanikos J and Goldhaber SZ: Predictors 
of major hemorrhage following fibrinolysis for acute pulmonary 
embolism. Am J Cardiol 97: 127‑129, 2006.

21.	Kanter DS, Mikkola KM, Patel SR, Parker JA and Goldhaber SZ: 
Thrombolytic therapy for pulmonary embolism. Frequency of 
intracranial hemorrhage and associated risk factors. Chest 111: 
1241‑1245, 1997.

22.	van Belle A, Büller HR, Huisman MV, et al; Christopher Study 
Investigators: Effectiveness of managing suspected pulmonary 
embolism using an algorithm combining clinical probability, 
D‑dimer testing, and computed tomography. JAMA 295: 172‑179, 
2006.

23.	Meyer G, Sors H, Charbonnier B, et al: Effects of intravenous 
urokinase versus alteplase on total pulmonary resistance in 
acute massive pulmonary embolism: a European multicenter 
double-blind trial. The European Cooperative Study Group for 
Pulmonary Embolism. J Am Coll Cardiol 19: 239‑245, 1992.

24.	Sakuma M, Konno Y and Shirato K: Increasing mortality from 
pulmonary embolism in Japan, 1951‑2000. Circ J 66: 1144‑1149, 
2002.

25.	Büller HR, Davidson BL, Decousus H, et al; Matisse Investigators: 
Subcutaneous fondaparinux versus intravenous unfractionated 
heparin in the initial treatment of pulmonary embolism. N Engl 
J Med 349: 1695‑1702, 2003.

26.	Q u i n la n  DJ,  McQ u i l la n  A a nd  E i kelboom J W: 
Low‑molecular‑weight heparin compared with intravenous 
unfractionated heparin for treatment of pulmonary embolism: 
a meta‑analysis of randomized, controlled trials. Ann Intern 
Med 140: 175‑183, 2004.


