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Background: The use of thrombolysis in patients with acute, intermediate-risk pulmonary embolism
(PE) remains controversial. This meta-analysis compared the efficacy and safety of thrombolysis and
anticoagulation treatments for intermediate-risk PE patients.

Methods: Two investigators independently reviewed the literature and collected data from randomized
controlled trials (RCTS) of thrombolysis for intermediate-risk PE in the PubMed, MEDLINE, EMBASE,
the Cochrane Library, and Chinese Biomedical Literature Databases (CBM).

Results: A total of 1,631 intermediate-risk PE patients from seven studies were included. Significant
differences were not found regarding the 30-day, all-cause mortality rates between the thrombolytic and
anticoagulant groups [odds ratio (OR), 0.60; 95% confident interval (CI), 0.34-1.06; P=0.08]. The rate of
clinical deterioration in the thrombolytic group was lower than that in the anticoagulant group (OR, 0.27;
95% CI, 0.18-0.41; P<0.01). Recurrent PE in the thrombolytic group was also significantly lower than
that in the anticoagulant group (OR, 0.34; 95% CI, 0.15-0.77; P=0.01). Comparing the thrombolytic and
anticoagulation groups, the incidence of minor bleeding was significantly higher in the thrombolytic group
(OR, 5.33; 95% CI, 2.85-9.97; P<0.00001), but there were no difference in the incidences of major bleeding
events (OR, 2.07; 95% CI, 0.60-7.16; P=0.25).

Conclusions: Thrombolytic treatment for intermediate-risk PE patients, if not contraindicated, could
reduce clinical deterioration and recurrence of PE, and trends towards a decrease in all-cause, 30-day
mortality. Despite thrombolytic treatment having an increased total bleeding risk, there was no difference in

the incidence of major bleeding events, compared with patients receiving anticoagulation treatment.
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Introduction 180,000 deaths, annually, exceeding mortality due to

Acute pulmonary embolism (PE) is the third most common myocardial infarctions (3), and this number is about 370,000

cause of cardiovascular disease-related morbidity, following
myocardial infarction and stroke, having a morbidity rate of Italy, Spain, Sweden, and UK (4). High-risk PE, defined
1-2%o (1,2). In the United States, acute PE causes 100,000- as hemodynamic instability or cardiac shock in acute PE

in six European countries, including France, Germany,
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patients, is associated with rapid in-hospital mortality
(5,6). The latest guidelines (7-9) and meta-analyses (10,11)
suggest that thrombolytic therapy is the most effective
treatment for acute, high-risk PE patients.

Intermediate-risk PE, characterized by normtension,
right ventricular dysfunction (RVD), and/or myocardial
injury, is also a major cause of early death (8,9). However,
whether thrombolytic therapy should be chosen for patients
with intermediate-risk PE is still debated (12-26). Some
literature supports the use of heparin treatment in these
patients (12-16), whereas some suggests that these patients
are better candidates for early thrombolysis therapy (17-24).
Despite the favorable effects of thrombolysis on improving
right ventricular (RV) function (19,21,22,26) and pulmonary
perfusion (12,19), different studies have not agreed on its
benefits for preventing clinical deterioration (20,22,25),
reducing pulmonary artery pressure (23,26) and improving
comprehensive outcomes (20,24), all-cause death, and
bleeding risk. The largest trial comparing thrombolysis and
heparin treatment demonstrated that fibrinolytic therapy
prevented hemodynamic decompensation, but increased the
risk of major hemorrhage and stroke (25).

The unknown composite endpoint of death/PE
recurrence, contrasted with heparin treatment, and a high
bleeding risk associated with thrombolytic treatment of
intermediate-risk PE patients has further aggravated the
controversy over which methodology is most suitable.
In this meta-analysis, we compared the efficacy and
safety of thrombolysis and anticoagulation with that of
anticoagulation, alone, for treating this patient population;
the meta-analysis included seven randomized controlled
trials (RCTs) (19-25).

Materials and methods

Selection of participants, interventions, comparisons, and
outcomes

In this study, the participants were intermediate-risk PE
patients, defined as having hemodynamic stability and
RVD and/or myocardial injury. The primary intervention
under investigation was thrombolysis plus anticoagulation,
compared against placebo plus anticoagulation or
anticoagulation alone.

The primary outcomes included early all-cause mortality,
hemorrhagic events, clinical deterioration, and PE
recurrent in-hospital or within 30 days of randomization.
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Hemorrhagic events included major and minor bleeding
events, with major bleeding defined as meeting at least
one of the following criteria: fatal bleeding, hemoglobin
level decreases of >2 g/dL, transfusions or intervention
for hemodynamic deterioration, and intracranial
hemorrhage (21). Any other bleeding event was defined
as minor bleeding. Clinical deterioration included
sustained hypotension or shock, requiring treatment
escalation, including intubation or mechanical ventilation,
cardiopulmonary resuscitation, emergency surgical
embolectomy, or emergency catheter fragmentation (21).

Secondary outcomes include RV function, mean
pulmonary artery pressure (mPAP), and recurrent PE
within the first 72 hours after randomization and within the
6-month follow-up period. RV function and mPAP were
measured by echocardiography. RV end-diastolic dimension
(RV EDD) and the ratio of RV EDD to left ventricular end-
diastolic diameter (RV/LV EDD) were chosen to reflect RV
function.

Search strategy

We searched for qualified RCTs among major online
databases, including PubMed (1966 through December
2013), EMBASE (1974 through December 2013),
MEDLINE (1966 through December 2013), the Cochrane
Central Register of Controlled Trials in the Cochrane
Library (last issue searched, December 2013), and the
Chinese Biomedical Literature Database (CBM, 1978
through December 2013). We used multiple search terms,
including “pulmonary embolism”, “thrombolysis” and
“anticoagulation”, as well as their root terms in various
combinations. We updated the search results before our
meta-analysis was finished in April 2014.

Study selection

Qualified studies were defined as RCTs comparing
thrombolysis plus anticoagulation against placebo plus
anticoagulation or anticoagulation, alone, in acute
intermediate-risk PE patients. We focused on the efficacy
and safety of two treatment strategies via the peripheral veins,
but did not evaluate specific drugs or treatment courses. Two
authors carefully screened the 52 articles and finally qualified
seven studies for inclusion in the meta-analysis.
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146 potentially eligible studies
identified through database searching

94 studies removed after finding
duplicates

52 studies screened and abstracts or
full-text articles retrieval

43 studies excluded
41 not focus on intermediate-risk PE
1 non-randomized
1 catheter directed thrombolysis

-«

9 studies assessed for eligibility

2 studies excluded (relevant outcome
<— data previously or subsequently
reported)

7 studies included in this meta-analysis

Figure 1 Flow chart of study selection. Potentially eligible studies
[146] were identified from PubMed, EMBASE, MEDLINE, the
Cochrane library, and the Chinese BioMedical Literature Database.
After removing duplicates, 52 studies were selected and their full-
texts or abstracts were screened. Finally, seven randomized-control

trial studies were included in the meta-analysis.

Assessment of risk of bias of included studies

We used Review Manager (version 5.2) software (Cochrane
Collaboration, London, UK) to evaluate the risk of
bias, including random sequence generation (selection
bias), allocation concealment (selection bias), blinding of
participants and personnel (performance bias), blinding
of outcome assessments (detection bias), and incomplete
outcome data (attrition bias); the biases were classified as
low-, high-, and unclear-risk.

Data extraction and analysis

Two authors independently and carefully reviewed the
seven trials and extracted data. Controversial data were
discussed, face-to-face to reach agreement. We used Review
Manager to perform the meta-analysis. Dichotomous
variables were analyzed using odds ratios (ORs) and 95%
confident intervals (CIs), and continuous variable analyses
involved weighted mean differences (MDs) and 95% Cls.
The heterogeneity of the included studies was analyzed
with I’ (27); if ’<40%, homogeneity was accepted and a
fixed-effects model was used. If I’>40%, heterogeneity
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was deduced and a random-effects model or subgroup
analysis was used. Funnel plots were introduced to evaluate
publication bias.

Results

We retrieved 146 potentially eligible studies from PubMed,
EMBASE, MEDLINE, the Cochrane library, and CBM
Databases. After eliminating duplicates, the full text or
abstracts of the remaining 52 studies were screened. By
browsing the abstracts or full articles, 45 studies were
excluded, as 41 articles were not focus on intermediate-
risked, one study was non-randomized, one study was
catheter directed thrombolytic and two articles were
relevant outcome data previously or subsequently reported.
Ultimately, seven studies were included in our meta-
analysis. The search results are presented in Tuble SI and a
flow chart describing the identification of qualified studies
is presented in Figure 1. The examined trial characteristics
included the publication year, number of study patients,
duration of patient symptoms from onset, study design,
interventions, comparisons, outcomes and follow-up
durations (Tiable 1). The results of the bias risk analysis,
in the included studies, are shown in Figure 2. Figure 24
illustrates the proportion of studies with the judgment for
each trial, and Figure 2B presents all of the judgments in a
study cross tabulation, by entry.

Primary outcomes
Early all—cause mortality

Seven studies were included in the early all-cause
mortality (during hospitalization or within 30 days after
randomization) analysis. As shown in Figure 3, 1,631
patients with intermediate-risk PE were analyzed, including
a thrombolytic group of 808 patients and an anticoagulant
group of 823 patients. Early all-cause mortality, after
randomization, was lower in the thrombolytic group than
in the anticoagulant group (2.2% vs. 3.8%; OR, 0.60; 95%
CI, 0.34-1.06), the difference was not statistically different
(Z=1.77; P=0.08). All included studies demonstrated good
homogeneity (’=0%) and the meta-analysis was conducted
using a fixed-effects model. The funnel plot did not show
any obvious publication bias and is presented as Figure 4.

Clinical deterioration events

A total of 1,631 patients from the seven studies were
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Table 1 Characteristics of the trials included in this meta-analysis
Study patients Randomized treatment
Trial [Year] Patients Onset of Stu.d Y . ) Outcomes Follow-up
design Intervention ~ Comparison
No.  symptoms
Goldhaber 36 <14d RCT, rt-PA 100 Heparin Right ventricular wall motion; In hospital or
[1993] non-blinded, mg 2 h plus Right ventricular end diastolic 14 days
open label heparin area; Pulmonary perfusion scans;
Recurrent PE; Death
Konstantinides 256 <96 h Prospective, Heparin plus Heparin plus In-hospital death or clinical In hospital or
[2002] double-blind, rt-PA 100 mg Placebo deterioration; Recurrent 30 days
RCT 2h pulmonary embolism; Major
bleeding; Ischemic stroke.
Becattini [2010] 58 <10d Multicenter, Tenecteplase Placebo plus Reduction of RVD; Recurrence of 30 days
“TIPES” double-blind, (single bolus) UFH PE or death at 30 days; Clinical
RCT plus UFH deterioration; Major bleedings;
Serious adverse events
Fasullo [2011] 72 <6 h Prospective, rt-PA 100 mg Placebo plus Reduction of RVD; Recurrence of 6 months
double-blind, 2 h plus UFH UFH PE; Death and clinical events
RCT
Sharifi [2013] 121 <10d Prospective, tPA, 50 mg, UFH or Development of PH; Combination 28+5 months
“MOPETT” RCT single- 2 h plus LMWH of PH and recurrent PE at 28 m;
center, open heparin Total mortality; Bleeding;
label Recurrent PE; Combination of
mortality and recurrent PE.
Kline [2014] 83 <24 h Multicenter, Tenecteplase Placebo plus Death; circulatory shock; 3 months
“TOPCOAT” double-blind, (single bolus) LMWH intubation; Major bleeding;
RCT plus LMWH Recurrent PE; Poor functional
capacity
Meyer [2014] 1005 <15d Multicenter, Tenecteplase Placebo plus Hemodynamic decompensation; 6 months
“PEITHO” double-blind, (single bolus) heparin Death; Major extracranial

RCT plus heparin

bleeding; Ischemic or
hemorrhagic stroke

TIPES, tenecteplase Italian pulmonary embolism study; MOPETT, moderate pulmonary embolism treated with thrombolysis trial;
TOPCOAT, tenecteplase or placebo, cardiopulmonary outcomes at 3 months; PEITHO, the pulmonary embolism thrombolysis;
RCT, randomized controlled trial; UFH, unfractionated heparin; rt-PA, alteplase; tPA, tissue plasminogen activator; LMWH,

lowmolecular weight heparin

included among those with clinical deterioration events
(within 30 days after randomization or during the
hospitalization) analysis. As shown in Figure 3, clinical
deterioration events were observed in 33 patients in the
thrombolysis group and in 116 patients in the anticoagulant
group. The rate of clinical deterioration events in the
thrombolysis group was, therefore, lower than in the
anticoagulant group (4.1% vs. 14.1%; OR, 0.27; 95%
CI, 0.18-0.41; P<0.00001). The included studies did not
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demonstrate heterogeneity (I’'=0%), and the fixed-effects
model was used for the meta-analysis.

Recurvent PE

Six studies reported recurrent PE within 30 days after
randomization or during hospitalization. As shown in
Figure 3, 1,548 patients with intermediate-risk PE were
analyzed, including 768 patients receiving thrombolytic
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Figure 2 Risk of bias summary. (A) The risk of bias judgment for each included study; (B) the risk of bias judgment is presented as

percentages across all included studies.

treatment and 780 patients receiving anticoagulation
therapy, only. The recurrent PE rate in the thrombolytic
group was significantly lower than that in the
anticoagulation group (0.8% wvs. 2.7%; OR, 0.34; 95% CI,
0.15-0.77; Z=2.57; P=0.01). All the included studies showed
good homogeneity (I’=14%), and the meta-analysis used the
fixed-effects model.

Hemorrbagic events

Six studies were included in the hemorrhagic events (within
30 days after randomization or during the hospitalization)
analysis. As shown in Figure 5, a total of 1,595 patients with
intermediate-risk PE were analyzed, including 790 patients
receiving thrombolytic treatment and 805 receiving
anticoagulant therapy. As major and minor bleeding has
different levels of ascribed importance, in clinical practice,
we used a subgroup analysis to evaluate the bleeding
events. There were no statistically significant differences
in the incidences of major bleeding events between the
thrombolytic and anticoagulation groups (8.1% vs. 2.4%;

© Journal of Thoracic Disease. All rights reserved.

OR, 2.07; 95% CI, 0.60-7.16; P=0.25). The heterogeneity
test result was I'=50%, so the meta-analysis used a random-
effects model. The incidence of minor bleeding events was
higher in thrombolysis group than in the anticoagulant
group (29.9% vs.7.7%, OR, 5.33; 95% CI, 2.85-9.97;
P<0.00001). The criteria of major bleeding in these six
studies were listed respectively in Table S2.

Secondary outcomes

RV function recovery within the first 3 days

RVEDD, RV/LV EDD, and mPAP were echocardiographically
measured to evaluate the RV function of patients with
intermediate-risk PE. As shown in Figure 6, the thrombolysis
group RVEDD and RV/LV EDD were significantly lower at
24, 48 and 72 hours than observed in the anticoagulant group.
As shown in Figure 7, compared with anticoagulant group,
the PAP was lower at 24, 48 and 72 hours in the thrombolysis
group. These results suggest an improved RV function in the
thrombolysis group, within the first 3 days.

www.jthoracdis.com
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i ysis  Anti Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
1.1.1 All-cause mortality
Goldhaber 1993 0 18 2 18 7.7% 0.18[0.01,3.99] 1993 — |
Konstantinides 2002 4 18 3 138 8.4% 1.581[0.35, 7.20] 2002 I B
Becattini 2010 0 28 1 30 4.5% 0.35[0.01,8.83] 2010 - 1
Fasullo 2011 0 37 5 35 17.6% 0.07[0.00,1.39] 2011 ——*———
Sharifi 2013 1 61 3 60 9.4% 0.32[0.03,3.13] 2013 - 1
Meyer 2014 12 506 16 499 495%  0.73[0.34,157] 2014 ——
Kline 2014 1 40 1 43 3.0% 1.08[0.07,17.81] 2014
Subtotal (95% CI) 808 823  100.0% 0.60 [0.34, 1.06] @
Total events 18 31
Heterogeneity: Chi* = 4.95, df = 6 (P = 0.55); I' = 0%
Test for overall effect: Z = 1.77 (P = 0.08)
1.1.2 Clinical deterioration
Goldhaber 1993 1 18 5 18 4.3% 0.15[0.02, 1.47] 1993 -
Konstantinides 2002 12 18 34 138 25.9% 0.35[0.17,0.71] 2002 =
Becattini 2010 1 28 2 30 1.7% 0.521[0.04,6.06] 2010 - 1
Fasullo 2011 0 37 5 35 5.1% 0.07[0.00,1.39] 2011
Sharifi 2013 1 61 6 60 5.5% 0.15[0.02, 1.29] 2013 —
Meyer 2014 18 506 62 499 55.3% 0.26[0.15, 0.45] 2014 -
Kline 2014 0 40 2 43 2.2% 0.20[0.01,4.40] 2014 - 1
Subtotal (95% CI) 808 823  100.0% 0.27 [0.18, 0.40] ‘
Total events 33 116
Heterogeneity: Chi* = 2.08, df = 6 (P = 0.91); I' = 0%
Test for overall effect: Z = 6.52 (P < 0.00001)
1.1.3 Recurrent pulmonary embolism
Goldhaber 1993 0 18 5 18 24.4% 0.07[0.00,1.30] 1993 ¢———®#——
Konstantinides 2002 4 18 34 138 16.3% 1.18[0.29, 4.81] 2002 —_—
Becattini 2010 1 28 1 30 4.2%  1.07[0.06, 18.04] 2010 e
Fasullo 2011 0 37 3 35 16.2% 0.12[0.01,2.49] 2011 ———————®— 1 —
Sharifi 2013 0 61 3 60 16.0% 0.13[0.01,2.64] 2013 ———*—— 1 —
Meyer 2014 1 506 5 499 22.9% 0.20[0.02, 1.68] 2014 —_——
Subtotal (95% Cl) 768 780  100.0%  0.34[0.15,0.77] R 2
Total events 6 21
Heterogeneity: Chi* = 5.85, df = 5 (P = 0.32); I = 14%
Test for overall effect: Z = 2.57 (P = 0.01)

k + + {
0.005 0.1 1 10 200

Test for subgroup differences: Chi* = 5.33, df = 2 (P = 0.07); I' = 62.5% Favours [experimental]  Favours [control]

Figure 3 Comparison of clinical outcomes: thrombolysis vs. anticoagulation. Compared with anticoagulant treatment, thrombolytic therapy

reduced all-cause mortality, but the difference was not statistically different (P=0.08). However, thrombolytic therapy significantly lowered

the incidence of clinical deterioration events (P<0.00001) and recurrent pulmonary embolism (PE) (P=0.01). M-H, Mantel-Haenszel; CI,

confident interval; df, degrees of freedom.

00—+
0.5+
g
S
g7
w o}
2]
15+ /o ©
o 4
244 : : — !
0.01 0.1 1 10 100
OR

Figure 4 Publication bias of comparison of all-cause mortality. A
funnel plot shows no obvious publication bias regarding all-cause

mortality. SE, standard error; OR, odds ratio.
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Efficacy in the 6-month follow-up

As shown in Figure 8, only one study compared the
thrombolysis and anticoagulant groups relative to recurrent
PE during the 6-month follow-up period; no significant
differences were observed (OR, 0.15; 95% CI, 0.02-1.28,
P=0.08). That study also reported improved RV function
in the thrombolytic group. Compared with anticoagulant
group, the RV EDD (23+0.2 vs. 26+1.3 mm; MD =-3.00;
95% CI, -3.44 to —-2.56; P<0.00001) and the RV/LV
EDD (0.670.01 vs. 0.88+0.02, MD =—0.21, 95% CI,
-0.22 to —0.20; P<0.00001) were significantly lower in the
thrombolytic group (22). In addition, two studies reported
that the mPAP was lower in the thrombolytic group than
in the anticoagulant group (MD, -11.95; 95% CI, -23.71
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Test for overall effect: Z= 4.90 (P < 0.00001)
| Tectfor suboroup differences: Ch==178 df=1(P = 0.18) = 43.8%

thr by i i Odds Ratio Odds Ratio

Study or Subgrou Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
2.1.1 Major bleeding within 30 days
Konstantinides 2002 1 118 5 138 58% 0.23[0.03,1.97] 2002 -1
Becattini 2010 2 28 1 30 4.6% 2.23[0.19, 26.06] 2010 —
Fasullo 2011 2 37 1 3/ 47% 1.94[0.17,22.43] 2011 —
Sharifi 2013 0 61 0 60 Not estimable 2013
Meyer 2014 58 506 12 499 27.2% 5.25(2.79,9.91] 2014 —-—
Kline 2014 1 40 0 43 28% 3.30(0.13,83.47] 2014 I
Subtotal (95% Cl) 790 805 45.1% 2.07 [0.60, 7.16] ~~
Total events 64 19
Heterogeneity: Tau®= 0.94; Chi*= 8.04, df= 4 (P = 0.09), F= 50%
Test for overall effect: Z=1.15 (P = 0.25)
2.1.2 Minor bleeding within 30 days
Becattini 2010 13 28 1 30 5.9% 25.13[2.99,21093] 2010 e —
Fasullo 2011 11 37 4 35 13.4% 3.28(0.93,11.53] 2011 -
Sharifi 2013 0 61 0 60 Not estimable 2013
Meyer 2014 165 506 43 499 356% 5.13(3.57,7.38] 2014 -
Subtotal (95% CI) 632 624 54.9% 5.33[2.85,9.97] >
Total events 189 48
Heterogeneity: Tau®= 0.11; Chi*= 2.64, df= 2 (P = 0.27); F= 24%
Test for overall effect: Z=5.24 (P < 0.00001)
Total (95% CI) 1422 1429 100.0% 4.05[2.32,7.10] >
Total events 253 67

o 2= - Chif= = = R t + t +
Heterogeneity: Tau*=0.19; Chi*=11.49, df=7 (P=0.12); F=39% 0.01 o1 100

Favours [experimental] Favours [control]

Figure 5 Comparison of bleeding events: thrombolysis vs. anticoagulation. Compared with the anticoagulation group, the thrombolytic

treatment group demonstrated a significantly higher incidence of minor bleeding events (P<0.00001), but the incidence of major bleeding

events was not statistically different (P=0.27). M-H, Mantel-Haenszel; CI, confident interval; df, degrees of freedom.

to —0.19; P=0.05) during the 6-month follow-up period
(22,23).

Discussion

From this meta-analysis, we found that, compared with
anticoagulation therapy for intermediate-risk PE patients,
thrombolysis showed a significant reduction in the clinical
deterioration events and recurrent PE, and a lower all-
cause mortality rate (P=0.08). The thrombolysis group also
showed a survival advantage even though the difference
in the mortality rates between the two groups was not
statistically significant. The results indicated that RV
function and mPAP quickly improved during the first 3 days
and were maintained for 6 months in thrombolytic group.
Finally, although the total bleeding risk increased with
thrombolysis treatment, the incidences of major bleeding
events, in the two groups, were not significantly different
(P=0.25). These results suggested that intermediate-risk
PE patients, without thrombolysis contraindications, may
benefit from thrombolytic therapy.

The results of this meta-analysis are in accordance with
the findings of previous non-RCT studies, which also
supported thrombolytic therapy for intermediate-risk PE
patients (28-30). For example, an early study showed that total
mortality was significantly reduced in intermediate-risk PE

© Journal of Thoracic Disease. All rights reserved.

patients receiving thrombolysis. This research reported that
the thrombolysis group had a lower incidence of recurrent
PE and a higher bleeding risk, but that the risks of fatal and
intracranial bleeding were not statistically different from those
associated with the anticoagulant group (28). A prospective,
non-RCT showed that thrombolytic treatment of this
patient population reduced the incidence of clinical
complications during hospitalization, and that this
protective effect was sustained throughout a 6-month
follow-up period. The total mortality was also lower in
thrombolysis group than in anticoagulation group (29).
Similarly, a retrospective study showed that intermediate-
risk PE patients undergoing thrombolytic treatment
demonstrated rapid dispend relief, reduced mPAP, and
make embolization of recanalization, but that the overall
effectiveness, total mortality, and bleeding risk were similar
to those associated with anticoagulant therapy (30). Thus,
these findings suggest that intermediate-risk PE patients
with severe clinical symptoms and a low risk of bleeding
should receive thrombolytic therapy.

However, some studies do not support the use of
thrombolytic therapy in intermediate-risk PE patients. In
2007, two meta-analyses were published that opposed the
use of thrombolysis for submassive PE (15,31). One of them
reported that thrombolytic therapy did not reduce mortality
in these patients, but increased the costs of treatment and

www.jthoracdis.com F Thorac Dis 2015;7(5):810-821
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3.1 RVEDD thrombolytic therapy anticoagulant
3.1.1 baseline
Becattini 2010 49 16 23 47 1.7
Fasullo 2011 49 24 37 48 23
Subtotal (95% CI) 60
Heterogeneity: Chi* = 1.91,df =1 (P = 0.17); I* = 48%
Test for overall effect Z = 4.46 (P < 0.00001)
3.1.224 h after treatment
Becaltini 2010 40 2.16 23 45 205
Fasullo 2011 42 21 37 46 13
Subtotal (95% CI) 60
Heterogeneity: Chi* = 1.92, df =1 (P =0.17); * = 48%
Test for overall effect Z = 12.82 (P <0.00001)
3.1.348 h after treatment
Fasullo 2011 35 12 37 39 12
Subtotal (95% CI) 37
Heterogeneity: Not applicable
Test for overall effect Z = 14.14 (P <0.00001)
3.1.472 h after treatment
Fasullo 2011 28 11 37 36 22

Subtotal (95% CI) 37
Heterogeneity: Not applicable

Test for overall effect Z = 19.35 (P <0.00001)

3.2.1 baseline

Becattini 2010 136  0.05 23 1.32 0.03
Fasullo 2011 141 0.05 37 142 0.04
Subtotal (95% ClI) 60

Heterogeneity: Tau? = 0.00; Chi? = 9.84, df = 1 (P = 0.002); I* = 90%
Test for overall effect: Z = 0.59 (P = 0.56)
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Test for overall effect: Z = 18.62 (P < 0.00001)

Test for subaroun differences: Chi? = 88.89. df = 3 (P < 0.00001). I> = 96.6%
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Figure 6 Comparison of Right ventricular (RV) function within the first three days: thrombolysis vs. anticoagulation therapy. Compared

with anticoagulant group, RV function was improved within the first 3 days in thrombolytic group (P<0.05, all). RVEDD, right ventricular

end-diastolic dimension; RV/LV EDD, right ventricular end-diastolic dimension/left ventricular end-diastolic diameter; IV, inverse variance;

CI, confident interval.

care, and was associated with a potential rise in the risk of
bleeding (15). The other compared the health effects and
costs of treatment with alteplase (a recombinant tissue-
plasminogen activator, rt-PA) and heparin versus heparin
alone, for the treatment of intermediate-risk PE patients.
The results showed that patients receiving thrombolytic
therapy received less benefit and had a higher treatment
cost; thus, thrombolysis was not suggested as a first-line
therapy (31). However, the numbers of patients enrolled in

© Journal of Thoracic Disease. All rights reserved.

these meta-analyses were limited and did not benefit from
the results of larger and more recent clinical trials.

In 2014, there were three related meta-analyses published.
Cao er al. reported that thrombolysis treatment of acute
submassive PE reduced neither mortality nor recurrent
PE, nor increased bleeding risks (32). The study, however,
enrolled only 594 patients and did not include the most
recent clinical trial results. Chatterjee et 4/. reported that
the use of thrombolytic therapy for acute PE was associated
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Figure 7 Comparison of PAP within the first 3 days: thrombolysis vs. anticoagulation therapy. Compared with anticoagulant group, PAP

was lower within the first three days in thrombolytic group (P<0.05, all). PAP, pulmonary artery pressure; IV, inverse variance; CI, confident

interval.
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Figure 8 Comparison of Recurrent PE, RV function and mean pulmonary artery pressure (mnPAP) after a 6-month follow-up: thrombolysis

vs. anticoagulation. Compared with the anticoagulant group, recurrent PE was not significant difference (P=0.08), but RV function and

mPAP was significantly improved in the thrombolysis group after a 6-month follow-up (P<0.05, all). RV, right ventricular; PE, pulmonary

embolism; RV EDD, right ventricular end-diastolic dimension; RV/LV EDD, right ventricular end-diastolic dimension/left ventricular end-

diastolic diameter; M-H, Mantel-Haenszel; IV, inverse variance; CI, confident interval.
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with lower rates of all-cause mortality and increased the
risks of major bleeding and intracranial hemorrhage.
In the subgroup analysis, specifically enrolling only the
intermediate-risk PE patients, thrombolysis reduced
mortality, but increased the incidence of major bleeding (33).
Although the mortality rates at different time points were
summarized, our meta-analysis supported their results, but
our bleeding risk results conflicted with those of Chatterjee
et al. (33). In our meta-analysis, the risk of major bleeding
was analyzed not including the data in the ULTIMA trail (34)
and the Goldhaber et 4/.’s research (19). In ULTIMA trail,
alteplase was administered through a catheter-directed (as
opposed to systemic) approach, which was excluded out of
our meta-analysis. In Goldhaber ez 4l.’s research, 101 PE
patients were randomized to assign the treatment (46 rt-PA,
55 heparin alone), but there were only 36 patients
(18 rt-PA, 18 heparin alone) with baseline right-ventricular
hypokinesis, however, in which the major bleeding events
of the subgroup were not clearly stated. These might be the
reasons for the different evaluation result of the incidence
of major bleeding events. Another meta-analysis involved
thrombolytic therapy for patients with acute submassive
PE, and the authors reported that adjunctive thrombolytic
therapy did not significantly reduce the risk of mortality or
recurrent PE, but did prevent clinical deterioration without
increasing the risk of major bleeding (35). Although these
authors presented results similar to ours regarding clinical
deterioration and bleeding risks, we were able to show a
survival advantage in the thrombolysis group despite the
absence of a significant difference in the mortality rate
between the thrombolysis and anticoagulation groups
(P=0.08). Similarly, recurrent PE in the thrombolytic group
was significantly lower than that in the anticoagulation
group, in our study (P=0.01). A possible reason for this
conflict was that the meta-analysis of Nakamura ez a/. (35)
did not include the Moderate Pulmonary Embolism Treated
with Thrombolysis (MOPETT) trial (23). Our meta-
analysis included all RCTs, published to date, comparing
thrombolysis and anticoagulation treatment, administered
via a peripheral vein, in intermediate-risk PE patients. The
results of the study might help doctors to reconsider the
existing clinical debate.

Bleeding risk assessments and reducing bleeding are
always important considerations when adding fibrinolytic
therapy to the treatment of intermediate-risk PE patients.
Apart from the contraindications, increasing age (25,33,36),
larger body mass index (36), and underweight (37) are
associated with a higher risk of bleeding complications.
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On the other hand, the thrombolytic drug dose might also
correlate with bleeding risk. One study that compared high-
and low-dose streptokinase (SK) for the acute treatment
of intermediate-risk PE patients showed similar efficacies
and a reduced bleeding tendency for the lower dose SK
treatment. Compared with anticoagulation, low-dose SK
rapidly improved mPAP and pulmonary vascular resistance
and was as safe as heparin, with regard to bleeding (26).
These findings agreed with the results of a meta-analysis
of studies involving a low-dose rt-PA for the treatment
of acute PE (38). The MOPETT trial reported that
low-dose tPA for intermediate-risk PE reduced the risk
of bleeding and retained the benefits compared with
anticoagulation (23). The low-dose regime was effective
and safe because the lungs were the only organ receiving the
entire cardiac output. All venous flow and all administered
thrombolytic molecules reach the lungs, which are uniquely
sensitive to thrombolysis (23). Thus, thrombolysis is
warranted for the treatment of intermediate-risk PE
patients, if the treatment is not contraindicated and the
patients carry low risks of bleeding. Additionally, a low-dose
regimen might be an effective choice.

Limitations

"This meta-analysis has some limitations. First, in most of the
included studies, RVD was diagnosed by echocardiography,
which is not the gold standard method for risk stratification
and is operator-dependent, increasing the potential bias.
Further, these studies evaluated different thrombolytic and
anticoagulation regimens, different outcome indicators, and
different follow-up durations, restricting the extracted data.
Second, only one study reported chronic thromboembolic
pulmonary hypertension and recurrent PE during a 6-month
follow-up period (22). Thus, we were unable to evaluate the
long-term efficacy and safety of thrombolysis in the target
patient population. Third, two of the seven trials were not
double-blinded (19,23). However, a sensitivity analysis
showed that this did not have an influence on the meta-
analysis results.

Conclusions

In summary, our results showed that thrombolytic therapy
for intermediate-risk PE patients, without contraindications,
may reduce clinical deterioration and recurrent PE,
improve RV function and pulmonary hypertension, and
is associated with a trend towards a decreased 30-day, all-
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cause mortality. Although the total bleeding risk was higher
in the thrombolytic group, the differences in the risk of
major bleeding risk events were not significant between the
two groups.
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