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ABSTRACT

 دراسة فعالية وسالمة اجللطات األولية ملنشط مولد:األهداف
البالزمني النسيجي مقارنة مع العالج التخثري في مرضى االنصمام
.الرئوي احلاد متوسط اخلطورة
 مريض يعاني من االنصمام الرئوي احلاد66  بتقسيم:الطريقة
م ويونيو2014 متوسط اخلطورة خالل الفترة مابني يونيو
/ جمعت معلومات عن الفرق في نسبة البطني األمين.في قسمنا
 حتسن األعراض، الضغط االنقباضي للشريان الرئوي،البطني األيسر
PE ، انخفاض الدورة الدموية،PE  الوفيات املرتبطة بـ،السريرية
. النزيف األولي والثانوي،املتكررة
م2017

 القيمة األساسية52.0±12.2  منPASP  أنخفض متوسط:النتائج
 وانخفض معدل،rt-PA ) في مجموعةp<0.001( 34.8±9.4 إلى
0.96±0.18  القيمة األساسية إلى1.26±0.22  منRV/LV نسبة
 كان متوسط،LMWH  في مجموعة. ساعة24 ) عندp<0.001(
 ساعة24  في48.5±11.9 القيمة األساسية وPASP 53.4±12.8
 القيمةRV/LV 1.22 ± 0.19  وكان متوسط نسبة،)p=0.11(
 باملقارنة مع.)p=0.31(  ساعة24  في0.21 ± 1.17 األساسية و
 وحتسنPASP  كان هناك انخفاض كبير في،LMWH مجموعة
 لم يكن، يوم90  خالل.rt-PA في شدة األعراض في مجموعة
 والنزيف، اجللطات الدموية الوريدية املتكررة،هناك فرق في الوفيات
 ولكن زيادة طفيفة في النزيف وظهر،الرئيسي نتيجة للسالمة
.rt-PA انخفاض االدورة الدموية في مجموعة
 في املرضى الذين يعانون من االنصمام الرئوي احلاد متوسط:اخلامتة
 نوصي بجرعة منخفضة من عالج اخلثرات يعد آمن،PE اخلطورة
. ميكن التوصية به كخيار بديل في العالج السريري،وفعال
Objectives: To investigate the efficacy and safety of initial
thrombolysis by recombinant tissue-type plasminogen
activator (rt-PA) in compared with anticoagulant therapy
in patients with acute intermediate-risk pulmonary
embolism (PE).
Methods: Sixty-six patients with acute intermediaterisk PE were randomly assigned to receive rt-PA or
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LMWH between June 2014 and June 2017 in our
department. We obtained information regarding the
difference in the right ventricle/left ventricle (RV/
LV) ratio, pulmonary artery systolic pressure (PASP),
clinical symptoms improvement, PE-related mortality,
hemodynamic decompensation, recurrent PE, and major
and minor bleeding.
Results: In the rt-PA group, the mean PASP was reduced
from 52.0±12.2 at baseline to 34.8±9.4 (p<0.001) and
the mean RV/LV ratio was reduced from 1.26±0.22
at baseline to 0.96±0.18 (p<0.001) at 24 hours. In
the LMWH group, the mean PASP was 53.4±12.8
at baseline and 48.5±11.9 at 24 hours (p=0.11), and
the mean RV/LV ratio was 1.22±0.19 at baseline and
1.17±0.21 at 24 hours (p=0.31). In comparison with
the LMWH group, there was a significant reduction
in PASP and an improvement in the symptom severity
in the rt-PA group. At 90 days, there was no difference
in mortality, recurrent venous thromboembolism and
major bleeding as a safety outcome, but increased minor
bleeding and decreased hemodynamic decompensation
occurred in the rt-PA group.
Conclusions: In patients with acute intermediate-risk
PE, low dose thrombolytic therapy is considered safe and
effective, it can be recommended as an alternative option
in clinical treatment.
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A

cute pulmonary embolism (PE) is a potentially
life-threatening disease that can result in significant
morbidity and mortality for patients. Thrombolytic
therapy is currently recommended for the treatment
of high-risk PE. In the recent ESC guidelines, it also
is considered for acute intermediate-risk PE patients
with right-ventricular (RV) dysfunction or myocardial
injury.1,2 In clinical trials, thrombolysis has been shown
to improve hemodynamic parameters, prevent recurrent
PE, and reduce mortality.3,4 However, it has a serious
risk of intracranial hemorrhage which was reported to
be 0.7% to 6.4% in patients receiving thrombolysis.
As a result, many clinicians hesitate in ordering
thrombolytic therapy, and the benefit of extending
thrombolytic treatment to acute intermediate-risk PE
needs to be weighed against potential disadvantages in
terms of bleeding risk. Additionally, how to choose the
appropriate form of administration of thrombolysis and
what the optimal dose of thrombolysis should be was
investigated.
Recombinant tissue-type plasminogen activator
(rt-PA) is currently one of the most widely used and
the most effective thrombolytic agents for PE, it is
very important to use optimal dose because of its dosedependent risk of bleeding. In the traditional systemic
thrombolytic therapy, rt-PA was given at a full dose of
100 mg during a 2-hour infusion. Although effective,
it is associated with an unacceptable high bleeding
complication rate. Many patients are unwilling to accept
this form of treatment in the clinic. In recent studies,
low dose thrombolysis by rt-PA has been employed in
the treatment of both massive and submassive PE. The
data showed that it has far fewer bleeding complications
than full dose systemic thrombolysis yet exhibits equal
efficacy.5-7 However, the optimal dose of rt-PA has not
been confirmed, and appropriate patients should be
chosen.
Methods. Patients and study design. From June
2014 to June 2017, a total of 76 acute intermediaterisk PE patients were screened in the Department of
Respiratory Medicine, The First College of Clinical
Medical Science of China Three Gorges University &
Yichang Central People’s Hospital, Yichang, China; 10
patients were ineligible and were excluded according to
the exclusion criteria. Finally, 66 patients aged 18 to
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80 years with acute intermediate-risk PE from Yichang
Central People’s Hospital in China were randomly
assigned by envelopes to receive rt-PA at a dose of
30 mg over 2 hours (n=33) with concomitant lowmolecular-weight heparin (LMWH) anticoagulation
or LMWH anticoagulation alone (n=33) (Clinical Trial
Identifier:2014A06035). All diagnoses were confirmed
by the presence of an intraluminal filling defect on
spiral computed tomographic pulmonary angiography
(CTPA) examination. Echocardiography was performed
prior to initiation of thrombolysis and within 24 hours
post-thrombolysis in all the patients. Pulmonary
artery systolic pressure (PASP) was estimated from the
tricuspid valve regurgitant jet velocity using a modified
Bernoulli’s equation. Pulmonary hypertension (PH)
was defined as a PASP of ≥30 mm Hg, as determined
by echocardiography. Right ventricular dysfunction was
defined as a right ventricle/left ventricle (RV/LV) ratio
of >0.9 by echocardiography. A positive troponin test
was defined as an elevation of troponin I (>0.04 μg/L).
Hemodynamic decompensation was defined by the
need for cardiopulmonary resuscitation, a drop in
SBP by ≥40 mm Hg for ≥15 min or SBP <90 mm Hg
for ≥15 min in accompanied with hypoperfusion of
end-organ, or the need for vasopressors. The patients
were asked about their subjective perception of severity
of symptoms before and after treatment on an arbitrary
scale from 1-10, with 1 as having no symptoms and 10
with severe and unbearable symptoms (mainly chest
tightness and dyspnea). The patients were evaluated
daily while in the hospital. The follow-up was 3 months
after discharge.
The inclusion criteria were acute symptomatic PE
confirmed by CTPA with an embolus located in at
least 1 main or proximal lower lobe pulmonary artery
and RV/LV ratio ≥0.9 obtained on echocardiographic
examination. Exclusion criteria were age <18 or
>80 years; index PE symptom duration >14 days;
uncontrolled hypertension (SBP >180 mm Hg and/
or diastolic blood pressure (DBP) >110 mm Hg at
presentation; SBP <90 mm Hg for more than 15 min at
presentation, with or without signs of cardiogenic shock;
known significant bleeding risk; active bleeding; known
coagulation disorder; gastrointestinal bleeding within
the preceding 3 months; history of any intracranial
or intraspinal surgery or trauma or intracranial/
intraspinal bleeding; arteriovenous malformation, or
aneurysm; major surgery, cataract surgery, trauma,
obstetric delivery, cardiopulmonary resuscitation, or
other invasive procedure <10 days; pregnancy, lactation,
or parturition <30 days; participation in any other
investigational drug or device study; life expectancy <3
months; and inability to comply with study assessments.
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The study is according to principles of Helsinki
Declaration. It was approved by the Ethics Committees
of the Institutions, and written informed consent was
obtained from all of the patients.
Treatment regimen. Eligible subjects were randomly
assigned to receive either 30 mg rt-PA in continuous
intravenous infusion for 2 hours with concomitant
LMWH anticoagulation (rt-PA Group, n=33) or
LMWH anticoagulation alone (LMWH Group, n=33).
We used rt-PA from Boehringer Ingelheim Pharma of
Germany. The activated partial thromboplastin time
was determined after the rt-PA infusion. If the value
was less than 80 seconds, a subcutaneous injection
of LMWH (enoxaparin, 1 mg/kg) was given every
12 hours. Overlapping oral anticoagulant therapy
(warfarin) was started from day one after enoxaparin
injection. Enoxaparin was stopped after the INR was
stabilized at 2.0 to 3.0 for at least 2 days. Warfarin was
continuously used for at least 3 months, and subsequent
doses were adjusted to maintain the INR within the 2.0
to 3.0 range, targeting a value of 2.5.
Study outcomes. Symptoms and signs of PE in all
patients were monitored. The patients were evaluated
for changes in the RV/LV ratio, PASP, and subjective
improvement before rt-PA infusion, and the evaluation
was repeated in all patients at 24 hours after rt-PA
treatment. The main outcome measure is PASP.
Bleeding, mortality, hemodynamic decompensation
and recurrent venous thromboembolism during
hospitalization and at follow-up were also evaluated.

Statistical analysis. Statistical analyses were
performed with SPSS version 21 (IBM Corp., Armonk,
NY). Continuous variables were expressed as the mean
± standard deviation, whereas categorical variables were
given as numbers (percentages). A comparison between
the 2 groups was made using an unpaired t test for
continuous variables and a Chi-squared or Fisher’s exact
test for categorical variables (2-tailed). A p-value 0.05
was considered statistically significant.
Results. Baseline clinical characteristics. Among the
66 patients, the mean age was 59.0±12.2 years, and 48%
were men. The most frequent comorbidities and risk
factors were deep venous thrombosis (53%), systemic
hypertension (42%), smoking (24%), and coronary
artery disease (14%), with no difference between the
study groups. Baseline vital parameters, including BMI,
systemic arterial pressure, heart and respiratory rates,
were similar between the groups, as well as laboratory
findings of a positive troponin test (Table 1).
Efficacy outcomes. All patients had documented
RV dysfunction on echocardiography and subjective
perception of severity of symptoms. In the rt-PA group,
the mean PASP was reduced from 52.0±12.2 at baseline
to 34.8±9.4 (p<0.001) at 24 hours, and the mean
RV/LV ratio was reduced from 1.26±0.22 at baseline
to 0.96±0.18 (p<0.001) at 24 hours. In the LMWH
group, the mean PASP was 53.4±12.8 at baseline and
48.5±11.9 at 24 hours (p=0.11). The mean RV/LV ratio
was 1.22±0.19 at baseline and 1.17±0.21 at 24 hours

Table 1 - Baseline clinical characteristics.
Variables
rt-PA 30 mg/2 hours
Age, years
60.5 ± 12.8
58.6 ± 11.4
Men, n (%)
18 (55)
14 (42)
24.5 ± 3.4
25.8 ± 3.6
BMI, kg/m2
Systolic arterial pressure, mm Hg
122.3 ± 20.9
120.2 ± 18.7
Diastolic arterial pressure, mm Hg
78.6 ± 14.2
75.2 ± 12.8
Heart rate, bpm
85.0 ± 17.4
82.9 ± 15.7
Respiratory rate, per minute
21.8 ± 4.0
23.4 ± 4.3
Current smoker, n (%)
9 (27)
7 (21)
Systemic hypertension, n (%)
16 (48)
12 (36)
Diabetes mellitus, n (%)
2 (6)
1 (3)
Congestive heart failure, n (%)
3 (9)
2 (6)
Coronary artery disease, n (%)
5 (15)
4 (12)
COPD, n (%)
3 (9)
5 (15)
Cancer, n (%)
2 (6)
3 (9)
Prior venous thromboembolism,
4 (12)
3 (9)
n (%)
Concomitant deep venous
19 (57)
16 (48)
thrombosis, n (%)
Troponin test positive, n (%)
11 (33)
12 (36)
Data are presented as mean±SD or n (%).
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LMWH (n=33)
0.52
0.32
0.13
0.66
0.31
0.60
0.12
0.57
0.32
1.00
1.00
1.00
0.70
1.00
1.00
0.46
0.80
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Table 2 - Changes in echocardiographic and clinical parameters at 24 hours.
Variables

rt-PA 30 mg/2 hours

LMWH

Difference
Baseline versus 24 hours
Baseline
24 hours
P-value
Baseline
24 hours
P-value
rt-PA
Anticoagulation P-value
PASP, mm Hg
52.0 ± 12.2
34.8 ± 9.4
<0.001
53.4 ± 12.8 48.5 ± 11.9
0.11
17.0 ± 10.2
4.6 ± 9.8
0.001
RV/LV
1.26 ± 0.22
0.96 ± 0.18
<0.001
1.22 ± 0.19 1.17 ± 0.21
0.31
0.31 ± 0.18
0.04 ± 0.16
0.001
Symptoms severity
7.0 ± 1.8
1.2 ± 0.6
<0.001
6.8 ± 1.9
5.9 ± 1.7
0.05
5.6 ± 1.5
1.0 ± 0.4
0.001
Data are presented as mean±SD. PASP - pulmonary artery systolic pressure, RV/LV - right ventricle to left ventricle,
LMWH - low-molecular-weight heparin

Table 3 - Clinical outcome events during the 3-month follow up
Variables

rt-PA 30mg/2
n=33
0
0

LMWH
n=33
0
3 (9)

Death
Hemodynamic
decompensation
Recurrent PE
1 (3)
2 (6)
Major bleeding
0
0
Minor bleeding
8 (24)
1 (3)
LMWH - low-molecular-weight heparin, PE -

P-value
0.24
1.00
0.0268

(p=0.31). The mean difference in PASP from baseline
to 24 hours was 17.0±10.2 versus 4.6±9.8 (p<0.001),
respectively. The mean difference in RV/LV ratio from
baseline to 24 hours was 0.31±0.18 versus 0.04±0.16
(p<0.001), respectively. In comparison to the LMWH
group, there was a significant reduction in PASP and an
improvement in symptom severity in the rt-PA group
(Table 2).
Safety outcomes. At 90 days, there were no deaths
and no major bleeding complication episodes among
the 66 patients. There were 3 episodes of hemodynamic
decompensation and 2 episodes of recurrent VTE in
the LMWH group and no episodes of hemodynamic
decompensation and 1 episode of recurrent VTE in
the rt-PA group. Catecholamines were administered to
the 3 hemodynamic decompensation patients during
hospitalization in the LMWH group. All 3 recurrent
VTE episodes happened between 3 months after
discharge, 2 patients developed deep venous thrombosis
and 1 developed PE. At the 90-day visit, all patients were
on anticoagulation therapy with vitamin K antagonists
or LMWH. Overall, there were 9 minor bleeding
episodes: 8 patients (24%) in the rt-PA group (3 with
transient hemoptysis without medical intervention,
2 with gingival bleeding and 3 with puncture point
bleeding managed with manual compression) and 1
patient (3%) in the LMWH group with subcutaneous
hemorrhage. There were no serious adverse events
related to the study treatment (Table 3).

Discussion The results indicated that low dose
thrombolysis by rt-PA at 30 mg/2 hours is safe and
effective in patients with acute intermediate-risk PE.
Compared with anticoagulation treatment alone,
thrombolysis can improve right heart function and
reduce pulmonary artery pressure through dissolving
the thrombus in a short period of time, it can also reduce
the risk of heart function failure compensation and
avoid missing the optimal opportunity for treatment.
In the long run, it can reduce the probability of the
formation of chronic thromboembolic pulmonary
hypertension and recurrent pulmonary embolism, even
if it has similar results with anticoagulation in mortality.
Additionally, low dose thrombolysis did not increase
the risk of major bleeding and it was safe, effective
and controllable even though the minor bleeding was
increased. There are significant implications for this
approach:
Although rt-PA at 100 mg/2 hours has been shown
to be effective and recommended in guidelines as the
standard for PE thrombolysis, the optimal regimens
are less defined. In the “real world”, even when clearly
indicated, its use has been tempered by fear of major
bleeding and especially intracerebral hemorrhage (ICH),
which has usually been shown to occur in approximately
2-3% of patients.8 Recently, several studies have shown
a reduced risk of bleeding with reduction of the dose of
rt-PA while imparting the same beneficial effects seen
in full dose thrombolysis, such as a 50 mg/2 h regimen
or lower.9-12 In percutaneous ultrasound accelerated
thrombolysis therapy, the dose of rt-PA is very low.13
Ozcinar et al14 showed the efficacy and safety of
ultrasound-accelerated catheter-directed thrombolysis
in the treatment of massive and submassive PE by rt-PA
at a dose of 21 mg. In fact, no ICH has been reported
with low dose thrombolysis with a modified dose of
concomitant parenteral anticoagulation. In our early
experience, we have witnessed an even lower rate of
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bleeding with a 50 mg/2 h rt-PA compared to standard
parenteral anticoagulation. To obtain a higher safety,
we designed this study and further reduced the dose of
rt-PA to 30 mg. Our main purpose was to reduce the
earlier mortality of acute intermediate-risk PE through
decreasing the clot burden by thrombolysis, rather than
curing the pulmonary embolism completely. Therefore,
if similar results are reproduced and confirmed in larger
studies, a new consensus to for the treatment of acute
intermediate-risk PE will be reached and it could be
used to replace conventional therapy.
According to the latest ESC Guidelines, patients
not suffering from shock or hypotension require
further risk stratification through assessing PESI
(or sPESI), RV function by echocardiography and
cardiac troponin testing after a diagnosis of PE has
been confirmed. The intermediate-risk group can be
divided into intermediate-high-risk and intermediate-

low-risk group. Systemic thrombolysis is not routinely
recommended as primary treatment for patients with
intermediate-high-risk PE but should be considered if
clinical signs of hemodynamic decompensation appear.
It may present with more significant differences if only
the intermediate-high-risk patients alone are included.
Importantly, if we start with a standardized low dose
thrombolytic therapy in a timely manner, rather than
waiting for hemodynamic decompensation to appear,
the risk of adverse events will be significantly reduced,
and patients will receive timely treatment.
In the present study, the efficacy of thrombolysis
was mainly driven by the prevention of hemodynamic
decompensation by improving right heart function
and reducing PSAP. In addition, it is indirectly
demonstrated by significant improvements in the
patient’s clinical symptoms. Three patients with
hemodynamic decompensation in the LMWH group

Figure 1 - A great resolution of the thrombus was confirmed by CTPA A) before and B) after the thrombolytic therapy
(30 mg rt-PA IV over 2 hours) in a 75-year-old acute intermediate-risk PE woman. A little resolution of the
thrombus was confirmed by CTPA C) before and D) after the thrombolytic therapy (30 mg rt-PA IV over
2 hours) in a 78-year-old acute intermediate-risk PE man.
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were given inotropic support and fortunately no deaths
occurred. In the PEITHO study, the largest reported
trial on thrombolytic therapy on submassive PE
proposed that, if these patients had not been closely
monitored and promptly treated when decompensation
occurred, the prognosis would have been worse.15 Major
bleeding, especially intracranial hemorrhage, has not
been observed in the rt-PA group. The results of our
study suggested that low-dose thrombolytic therapy is
very safe and effective for acute intermediate-risk PE,
especially for patients presenting with hemodynamic
decompensation in the course of treatment.
Study limitations. There were a few limitations in our
study. Our study was performed in a single center with a
small sample size, there was no further refinement in the
type of patient with acute PE at intermediate risk, and
there was no effect when comparing higher and lower
doses. Moreover, we found that clot burden changes
vary greatly in different patients even when given
the same dose of rt-PA before and after thrombolytic
therapy (Figure 1). Therefore, there should be other
factors that influenced the thrombolytic effects. Further
investigations should be designed to confirm the
optimal dosing of rt-PA and other affected factors for
the treatment of PE; however, existing data suggest that
low-dose rt-PA may be a successful treatment option
for certain patients, particularly those at high risk of
bleeding.
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