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Efficacy of thrombolytic agents in the
treatment of pulmonary embolism

T. Capstick* and M.T. Henry*

ABSTRACT: Recent guidelines recommend bolus-dose alteplase for treating massive pulmonary
embolism (PE). However, the safest and most effective treatment is as yet unknown.

In the present study, a meta-analysis of published studies of alteplase infusion, bolus-dose
alteplase and streptokinase was performed. The outcome measures were as follows: objective
assessment of thrombolysis; all-cause mortality; deaths due to initial PE, major bleeding episodes
and recurrent PE; and morbidity.

In total, 26 studies were identified; however, only two comparative studies of alteplase infusion
versus either bolus-dose alteplase or streptokinase were found. Meta-analysis revealed no
significant difference between the three regimens, but was compromised by a paucity of data.
Crude analysis of summated data on thrombolytic efficacy from all studies revealed that alteplase
infusion was more effective than bolus-dose alteplase (relative risk (RR): 1.95; 95% confidence
interval (Cl): 1.19-3.2), whereas streptokinase was more effective than alteplase infusion (RR:
1.27; 95% CI: 1.09-1.47). Alteplase infusion had a lower mortality due to the initial PE than both
bolus-dose alteplase and streptokinase (RR: 0.16; 95% CI: 0.05-0.59 and RR: 0.13; 95% CI: 0.04—

0.46, respectively).

In conclusion, this evidence suggests that the three thrombolytic agents may vary in efficacy.
However, large-scale randomised controlled trials are needed to confirm these resulits.
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tening condition with an annual incidence

of 60-70 cases per 100,000 of the popula-
tion and is associated with a 3-month mortality
rate of up to 17% [1, 2]. Heparin is recommended
for patients with an intermediate or high clinical
probability of PE, whilst thrombolysis is only
recommended for patients presenting with a
massive PE causing haemodynamic instability
within a 2-week ““time window”’ [1, 3].

P ulmonary embolism (PE) is a life-threa-

The indication and rationale for thrombolysis
of PE remains debatable as no large-scale
randomised controlled trials (RCTs) comparing
thrombolytic agents, or thrombolysis and anti-
coagulation to anticoagulation alone, have been
performed [3]. There have only been three small,
double-blind, RCTs designed to demonstrate that
thrombolysis reduces mortality from PE [4-6].
The smallest of these trials consisted of only eight
patients [5], raising the question as to whether
thrombolysis policy should be crafted on the
basis such a small trial. The largest randomised
trial of thrombolysis plus heparin versus heparin
alone for acute PE, showed that a 2-h infusion of
alteplase reduced soft endpoints, such as the
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need to escalate in-patient therapy in patients
with sub-massive PE, i.e. normal blood pressure
and right ventricular dysfunction; however, no
mortality benefits were demonstrated in this

group [6].

By far the most common thrombolytic drugs that
have been used to thrombolyse PE are urokinase,
streptokinase and alteplase. Alteplase is currently
the recommended drug, since streptokinase may
exacerbate hypotension, whilst the preparation of
urokinase (available in the UK for unblocking
vascular lines) has a dose that is too low for use
in PE [1].

The optimal dosing regimen for alteplase in PE
has not been elucidated. Alteplase requires the
presence of fibrin as a cofactor and is relatively
inactive when free in the plasma, in contrast to
streptokinase, which works independently of
fibrin. Once bound to fibrin clots, alteplase has
a short duration of action, with a plasma half-life
of 4-5 min [7]. It was originally thought that
alteplase must be given as a continuous infusion
in order to maintain adequate plasma concentra-
tions at the site of the thrombus in order to cause
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lysis of the clot; consequently, the initial studies of alteplase in
PE used 2-h infusions [8].

More recently, a number of research groups have investigated
the use of bolus thrombolysis of a high concentration of a
thrombolytic agent over a short duration of time. It is thought
that the administration of high concentrations of alteplase
overwhelms platelet activator inhibitor (PAI)-1, a factor
produced by the endothelium and platelets that inhibits
fibrinolysis, rendering negligible any inhibitory effects of
PAI-1 on alteplase activity. The prolonged fibrinolysis that
occurs, despite no detectable drug in the plasma, is thought to
be as a result of the continuing activity of alteplase directly at
the site of the thrombus. In a canine model of PE, administra-
tion of 1 mg-kg' alteplase over 15 min resulted in a more
rapid initial thrombolysis than a 90 min infusion, although the
total lysis was equivalent in both groups [9].

The 2003 British Thoracic Society (BTS) guidelines make
the recommendation that ““should cardiac arrest occur while
in hospital and massive PE is strongly suspected, an
immediate intravenous bolus of 50 mg alteplase admini-
stered during cardiopulmonary resuscitation may be life
saving”’. However, the same guidelines recommend that an
i.v. bolus of 50 mg of alteplase should also be administered to
deteriorating patients presenting with massive PE where
cardiac arrest is imminent, despite the lack of any published
evidence for this course of action [1, 10]. However, the 2004
American College of Chest Physicians guidelines recom-
mended that if alteplase is prescribed for patients who are
haemodynamically unstable, a 100 mg infusion over 2 h
should be used [11], which may cause confusion when
deciding how to treat massive PE.

METHODS

All randomised trials for alteplase (as either a 100 mg 2-h
infusion or a bolus regimen) and streptokinase in the treat-
ment of PE were sought using the search engines MEDLINE
(1966-September 2003), EMBASE (1974-September 2003),
CINAHL (1950-September 2003) and the Cochrane Database
using the following search terms: “tissue-plasminogen-activator”;
“streptokinase”; “thrombolytic-therapy or fibrinolytic-agents”;
and “pulmonary-embolism”. Although only RCTs would
ideally have been included in the review, open and
unblinded studies were also included due to the paucity of
double-blinded RCTs in this patient group. The reference
lists of retrieved articles and published reviews were also
searched for further published studies. The outcome meas-
ures extracted were objective assessment of thrombolysis,
all-cause mortality, death due to initial PE (secondary-to-
treatment failure), death due to major bleeding episodes,
death due to recurrent PE, major bleeding episodes and
recurrent PE. Unfortunately, not all data were extractable
from all papers. The methodological quality of the included
trials was scored using the validated scale by JADAD ef al.
[12]. This scale consists of three items describing the method
of randomisation, blinding and handling of dropouts and
withdrawals, and ranges from 0-5, with higher scores
indicating better methodological quality.

A meta-analysis of RCTs was performed using RevMan [13]
and a random effects model employed where heterogeneity
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existed amongst trials, which was tested using the Chi-squared
statistic. Initial analysis of these data revealed too few studies
and patient numbers to make any definitive conclusions. There-
fore, a crude analysis method (a simple summation of data
from all published studies, i.e. RCTs, open, retrospective and
unblinded) was performed and analysed using RevMan [13].

Three sensitivity analyses were performed to test the robust-
ness of the results and assumptions made in the main meta-
analysis. These analyses were used in order to test whether the
results were affected by performing the meta-analysis using
studies of massive PE only, studies with good methodological
quality (score by JADAD et al. [12] of three or more) and also in
the crude analysis only, a sensitivity analysis of summated
data from RCTs only was also performed. The relative risk
(RR), the approximate odds ratio with its corresponding 95%
confidence interval (CI), and a two-tailed p-value were
calculated for the overall results. The number needed to treat
(NNT) and number needed to harm (NNH) were also
indicated when appropriate. The results of each trial were
analysed on an intention-to-treat basis.

RESULTS

Selection and characteristics of included trials

A total of 15 trials of alteplase [4, 6, 8, 14-25] and 12 trials of
streptokinase [5, 21, 22, 26-34] met the inclusion criteria.
Although case studies were not included in this review, one
exception was made for the report by Ruiz-BAILEN et al. [35],
which was the only source of the BTS recommendation for the
use of bolus alteplase in massive PE [1]. In total, there were 406
patients treated with standard alteplase infusions, 323 treated
with bolus-dose alteplase and 296 patients treated with
streptokinase. However, not all studies reported data for each
outcome measure.

The characteristics of the included trials are summarised in
tables 1 and 2. The median (interquartile range) quality score
was 2 (1-3). Five studies were double blinded [4, 6, 14, 19, 20],
three were single blinded [8, 21, 22], eight were open
randomised trials [5, 16-18, 24, 28, 29, 31], and nine were
prospective or retrospective studies [15, 23, 25-27, 30, 32-34].
Of these, 16 studies were performed only in patients with
massive PE [5, 14, 15, 19, 21-27, 30-32, 34, 35]. The diagnosis of
PE was made using the following methods: pulmonary
angiography in 16 trials [8, 14, 16, 17, 19, 21-24, 26-32];
isotope-perfusion lung scan or pulmonary angiography in
seven trials [4, 6, 15, 18, 20, 25, 33]; pulmonary angiography,
scintigraphy or necroscopy in one case study [35]; and lung
perfusion scan only in two trials [5, 34]. All trials included
patients with an onset of symptoms of PE within 14 days of
starting treatment, with the exception of two studies where this
was not reported [15, 23].

Thrombolytic regimens consisted of bolus-dose alteplase in
seven trials [4, 15, 19, 20, 23, 25, 35], 100 mg of alteplase
infused over 2 h in 12 trials [6, 8, 14, 16-24] and streptokinase
in 12 trials [5, 21, 22, 26-34]. The definitions of major
haemorrhage made by the authors of many of the included
studies were similar, including intracranial or retroperitoneal
haemorrhage, overt bleeding requiring surgical control, blood
transfusion, or bleeding causing death. Objectively measured
thrombolysis was determined using angiographic evidence

VOLUME 26 NUMBER 5 865



THROMBOLYSIS IN PULMONARY EMBOLISM

TABLE 1

Characteristics of the included trials of alteplase

T. CAPSTICK AND M.T. HENRY

Study [Ref.] Quality score” Type of study PE severity Patients n Thrombolytic’ Heparin dose
LEvINE et al. [4] Double-blind RCT Nonmassive PE 33 0.6 mg-kg™ IVB over 2 min 5000 unit IVB at t=0 min, then IVI (APTT
25 Sodium chloride placebo 1.5-2), interrupted only for alteplase
KONSTANTINIDES Double-blind RCT Nonmassive PE 118 10 mg IVB, then 90 mg 5000 unit IVB at t=0 min, then 1000
et al. [6] IVl over 2 h unit-h™ IVl (APTT 2-2.5)
138 Matching placebo:
IVB then IVI over 2 h
GoOLDHABER et al. [8] Single-blind RCT Nonmassive PE 22 100 mg IVl over 2 h IVI when APTT more than twice normal
23 Urokinase: 2000 units:Ib™ (dose and APTT range not specified)
IVB, then 2000 units-lb™-h™
IVI for 24 h
MEYER et al. [14] Double-blind RCT Massive PE 34 10 mg IVB, then 90 mg IVI over 2 20 units-kg™'-h™ IVl at t=2 h for 10 h
29 Urokinase: 4400 units-kg™ 20 units-kg™'-h™ IVl at t=12 h for 0-6 h
IVB, then 4400 units-kg™"+h™!
IVI for 12 h
DieHL et al. [15] Prospective open Massive PE 54 1 mg-kg” IVB (range 400 units-kg'-day™" at t=10 min
50-100 mg) over 10 min
GOLDHABER Open RCT Nonmassive PE 42 100 mg IVl over 2 h 1050 units-h™" IVI when APTT more than twice
et al. [16] 45 Urokinase: 1 x 10° units IVB normal (APTT range not reported)
over 10 min, then 2 x 10°
units VI over 110 min
DALLA-VOLTA Open parallel randomised  Nonmassive PE 20 10 mg IVB, then 90 mg VI 10000 unit VB at t=0 min. After thrombolysis
et al. [17] trial over 2 h 1750 units-h™ (APTT 2-3)
16 No treatment 10000 unit IVB at t=0 min, then 1750 units-h’
(APTT 2-3)
GOLDHABER Unblinded RCT Nonmassive PE 46 100 mg IVl over 2 h 1000 units+h™" IVI when APTT more than twice
et al. [18] normal (APTT 1.5-2.5)
S5 No treatment 5000 unit IVB, then 1000 units-h™" IVI
(APTT 1.56-2.5)
Sors et al. [19] Double-blind RCT Massive PE 36 0.6 mg-kg™" IVB over 400 units-kg™'-d™" when APTT more
15 min (max. 50 mg) than twice normal (APTT 2-2.5)
17 100 mg VI over 2 h
GOLDHABER Double-blind RCT Nonmassive PE 60 0.6 mg-kg™" IVB over 1280 units-h™ IVI (PTT 60-85 s) from
et al. [20] 15 min (max. 50 mg) t=0, interrupted only for alteplase
27 100 mg IVl over 2 h
MEeNEVEAU et al. [21] Single-blind randomised Massive PE 25 10 mg VB, then 90 mg VI 5000 units IVB at t=0 min, then 20 units-kg™"+h™
trial over 2 h IVI (APTT 2-3)
25 Streptokinase: 250000 units 10 units-kg™"-h™" IVI from t=12 h
IVB over 15 min, then 100000 (APTT 2-3)
units+h™ IVI for 12 h
MEeNEVEAU et al. [22] Single-blind RCT Massive PE 23 10 mg IVB, then 90 mg IVl over 2 h 1000 unit-h™ IVI (APTT 2-3) at t=2 h
43 Streptokinase: 1.5 x 10° units
IVl over 2 h
MEYER et al. [23] Retrospective study Massive PE 19 100 mg IVl over 2 h 500 units-kg'+24 h™' (APTT 2-3)
61 1 mg-kg™" over 10 min
52 0.6 mg-kg™" over 10 min
TeBsE et al. [24] Open parallel randomised Massive PE 13 10 mg IVB, then 90 mg VI 70 units-kg™ IVB prior to thrombolysis,
trial over 2 h then 15 units-kg™'*h™ (APTT 2)
23 Reteplase: 10 units VB 70 units-kg™ IVB prior to thrombolysis,
at t=0 and t=30 min then 15 units-kg™'*h™" (APTT 2)
Le ConTE [25] Retrospective study Massive PE 21 0.6 mg-kg™ IVB over 15 400 units-kg"-day ™" when APTT less than
min (max. 50 mg) twice normal
Ruiz-BAILEN Case study Massive PE 6 50 mg IVB over 2 min 5000 unit IVB at t=90 min
et al. [35] at t=0 min, then 50 mg IVB

over 5 min at t=30 min

PE: pulmonary embolism; RCT: randomised controlled trial; IVB: intravenous bolus; IVI: intravenous infusion; max.: maximum; APTT: activated partial thromboplastin time;

PTT: partial thromboplastin time. #: studies assessed using the scale by Jabap et al. [12]; ¥: alteplase unless otherwise studied.
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of clot lysis in nine studies [8, 16, 17, 26-28, 30-32], cardiac
echocardiogram in two studies [5, 18] and >50% improve-
ment in perfusion lung scan at 24 h in one study [4]. The
follow-up period for recurrent PE was 10 days in two studies
[4, 31], 14 days in three studies [16, 18, 20], 30 days in one

TABLE 2

Characteristics of the included trials of streptokinase

THROMBOLYSIS IN PULMONARY EMBOLISM

study [6], 1yr in one study [22], and
stay” in two studies [15, 19]. The follow-up period was not
specified in seven studies [14, 17, 21, 26, 29, 34, 35], whilst it
was not reported if recurrent PE was tested for in 10
studies [5, 8, 23-25, 27, 28, 30, 32, 33].

“during hospital

Study [Ref.] Quality score* Type of study PE severity Patients n Thrombolytic' Heparin dose
HirsH et al. [26] 1 Prospective open Massive PE 17 250000 units IVI over 3 h, then 10000 units VB, then 30000
100000 units-h™ for 24 h units-24 h™' (APTT 1.5-2.5)
10 None (heparin only) interrupted only for streptokinase
MiLLER et al. [27] 1 Prospective open Massive PE 15 600000 units VI over 30 min, 40000-60000 units-24 h™'
then 100000 units-h™" for 72 h (APTT 2-3)
None (heparin only)
TiBBUTT et al. 3 Unblinded RCT Nonmassive and 13 600000 units VI over 30 min, None
[28] massive PE then 100000 units-h™ for 72 h
17 None (heparin only) 5000 unit IVI over 30 min, then
2500 units-h™" for 72 h
UPET [29] 2 Unblinded RCT Nonmassive and 54 250000 units VI over 20-30 min, IVI (dose not specified; Lee-White
massive PE then 100000 units-h™" for 24 h clotting time 30-45 min)
59 Urokinase: 2000 units:Ib™" over 10 min,
then 2000 units:Ib™-h™" for 12 h
54 Urokinase: 2000 units-Ib™ over 10 min,
then 2000 units-Ib™-h™" for 24 h
GALLus et al. 1 Prospective open Massive PE 13 Mean 140000 units over 4 h, then Mean 34000 units-24 h'
[30] mean 9800 units-h™! for mean 2.5 days from t=0 h (APTT 1.5-2)
Ly et al. [31] 1 Unblinded RCT Massive PE 14 250000 units VI over 20 min, 10000-30000 units-24 h™" at
then 100000 units-h™ for 72 h t=72 h (APTT "“therapeutic values”)
11 None (heparin only) 15000 units VB, then 30000
units-24 h™' (APTT “therapeutic
values”)
LUOMANMAKI 1 Prospective open Massive PE 30 600000 units (n=10) or 250000 IVl on completion of streptokinase
et al. [32] units (n=20) IVI over 30 min, then IVI (rate and APTT range
100000 units-h™ for mean 32 h not reported)
Lunp et al. [33] 1 Prospective open Nonmassive and 28 250000 unit IVB, then 100000 None
massive PE units-h™ for 12-122 h
34 None (heparin only) 15000 units IVB, then 40000
units-24 h™' for 32-200 h (APTT
range not reported)
25 None (embolectomy only) None (embolectomy only)
JERJES-SANCHEZ 3 Unblinded RCT Massive PE 4 1.5 x 108 units IVl over 1 h 10000 units IVB at t=1 h, then
et al. [5] 1000 units-h™ (APTT 2-2.5)
4 None (heparin only) 10000 units IVB at t=0 h, then
1000 units-h™ (APTT 2-2.5)
MEeNEVEAU et al. 2 Single-blind Massive PE 25 Alteplase: 10 mg IVB, then 5000 unit IVB at t=0 min, then
[21] randomised trial 90 mg IVl over 2 h 20 units-kg™-h™ IVI (APTT 2-3)
25 250000 units IVB over 15 min, 10 units-kg™"-h™" IVl from t=12 h
then 100000 units-h™" IVI for 12 h (APTT 2-3)
MENEVEAU et al. 2 Single-blind RCT Massive PE 23 Alteplase: 10 mg IVB, then 1000 unit-h™ IVI (APTT 2-3)
[22] 90 mg IVl over 2 h att=2h
43 1.5 % 10° units IVl over 2 h
JERJES-SANCHEZ 1 Prospective open Massive PE 40 1.5 x 10° units IVl over 1 h 10000 units IVB at t=0 h, then 1000
et al. [34] units-h™ (APTT 2-2.5) from t=1 h

PE: pulmonary embolism; RCT: randomised controlled trial; IVI: intravenous infusion; IVB: intravenous bolus; APTT: activated partial thromboplastin time; UPET:
Urokinase-Streptokinase Embolism Trial. #: studies assessed using the scale by Japap et al. [12]; : streptokinase unless stated otherwise.
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All-cause mortality
GOLDHABER et al. [20]
Sors et al. [19]
Subtotal (95% CI)

All deaths due to bleeding
GOLDHABER et al. [20]
Sors et al. [19]

Subtotal (95% CI)

|

Deaths due to recurrent PE
GOLDHABER et al. [20]
SoRrs et al. [19]

Subtotal (95% CI)

Major bleeding episodes
GOLDHABER et al. [20]
Sors et al. [19]

MEYER et al. [23]
Subtotal (95% CI)

Recurrent PE
GOLDHABER et al. [20]
Sors et al. [19]
Subtotal (95% CI)

0.0101 1 10 100
Fixed RR

FIGURE 1. Meta-analysis comparing the use of alteplase infusions with bolus-
dose alteplase in the treatment of massive pulmonary embolism (PE) in different
studies or subcategories. Data are presented as relative risk (RR) where 1-100
favours bolus and 0.01-1 favours infusion. Cl: confidence interval.

T. CAPSTICK AND M.T. HENRY

Meta-analysis

A meta-analysis comparing the safety and efficacy of different
thrombolytic therapies was severely restricted by a small
number of studies. There are only two comparative studies of
alteplase infusion versus bolus-dose alteplase (n=140) [19, 20],
two of alteplase infusion versus streptokinase (n=116) [21, 22]
and none of bolus-dose alteplase versus streptokinase.

When comparing alteplase infusion to bolus-dose alteplase
(fig. 1, table 3), no significant differences in outcomes were
observed between the two treatments. However, neither trial
investigated the effect of treatment on objectively measured
thrombolysis, and one study (in massive PE) [19] reported no
deaths with either intervention, making meta-analysis impos-
sible. The study by GOLDHABER et al. [20] demonstrated a trend
towards a lower all-cause mortality rate in patients treated
with alteplase infusion, but this was not statistically signi-
ficant (RR: 0.44; 95% CI: 0.05-3.62; p=0.45). There was no
significant difference between the two treatments in terms
of major bleeding episodes and recurrent PE. Sensitivity
analysis could not be performed because too few trials were
included.

Meta-analysis of the two studies comparing alteplase infusion
to streptokinase revealed no significant difference between
the two treatments in all-cause mortality, primarily because of
only one death in each treatment group (RR: 1.00; 95% CI:

ay-\:{8 58 Comparison of the use of alteplase infusions with bolus-dose alteplase in the treatment of massive pulmonary

embolism (PE)

Study or subcategory Alteplase infusion n/N Alteplase bolus n/N Weight % Fixed RR (95% CI)
All-cause mortality”

GOLDHABER et al. [20] 1/27 5/60 100 0.44 (0.05-3.62)

Sors et al. [19] 0/17 0/36 NE

Subtotal*# 44 96 100 0.44 (0.05-3.62)
Deaths due to bleeding'

GOLDHABER et al. [20] 0/27 2/60 100 0.44 (0.02-8.78)

Sors et al. [19] 017 0/36 NE

Subtotal*# 44 96 100 0.44 (0.02-8.78)
Deaths due to recurrent PE"

GOLDHABER et al. [20] 1/27 3/60 100 0.74 (0.08-6.80)

Sors et al. [19] 0/17 0/36 NE

Subtotal*# 44 96 100 0.74 (0.08-6.80)
Major bleeding episodes®

GOLDHABER et al. [20] 6/27 8/60 33.21 1.67 (0.64-4.34)

Sors et al. [19] 117 3/36 12.87 0.71 (0.08-6.30)

MEYER et al. [23] 5/19 28/113 53.91 1.06 (0.47-2.41)

Subtotal*# 63 209 100 1.22 (0.67-2.21)
Recurrent PE/

GOLDHABER et al. [20] 2/27 4/60 65.93 1.11 (0.22-5.70)

Sors et al. [19] 117 2/36 34.07 1.06 (0.10-10.88)

Subtotal## 44 96 100 1.09 (0.29-4.17)

RR: relative risk; Cl: confidence interval; NE: not estimable. #: total events, 1 (alteplase infusion), 5 (alteplase bolus); test for heterogeneity, not applicable; test for overall
effect, z=0.76, p=0.45. ': total events, 0 (alteplase infusion), 2 (alteplase bolus); test for heterogeneity, not applicable; test for overall effect, z=0.54, p=0.59. *: total
events, 1 (alteplase infusion), 3 (alteplase bolus); test for heterogeneity, not applicable; test for overall effect, z=0.27, p=0.79. *: total events, 12 (alteplase infusion), 39
(alteplase bolus); test for heterogeneity, Chi-squared=0.76, df=2 (p=0.68), °’=0%; test for overall effect, z=0.65, p=0.52. /: total events, 3 (alteplase infusion), 6
(alteplase bolus); test for heterogeneity, Chi-squared=0.00, df=1 (p=0.97), [’=0%; test for overall effect, z=0.13, p=0.90. *#: 95% ClI.
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0.07-15.12; p=1.0). However, a meta-analysis of these two
studies and a retrospective study of haemorrhagic complica-
tions of thrombolytic therapy by MEYER et al. [23] demonstrated
that alteplase infusion was associated with slightly more major
bleeding episodes (RR: 2.07; 95% CI: 0.8-5.3; p=0.13).
Sensitivity analysis could not be performed because too few
trials were included.

The two studies comparing alteplase infusion to any other
treatment (both of which were urokinase), which reported
objectively measured thrombolysis [8, 16], demonstrated that
alteplase infusion is significantly more effective (RR: 1.32; 95%
CL: 1.05-1.67; p=0.02). Sensitivity analysis could not be
performed for this outcome because too few trials were
included. Up to eight studies compared alteplase infusion to
any other treatment for other outcomes (urokinase (n=3),
bolus-dose alteplase (n=2), streptokinase (n=2) and reteplase
(n=1); fig. 2; table 4). All-cause mortality was not significantly
different between alteplase infusion and other treatments (RR:
1.34; 95% CI. 0.57-3.14; p=0.7). Sensitivity analysis was

All-cause mortality

GOLDHABER et al. [8] ——

GOLDHABER et al. [16] —

MEYER et al. [14] —

GOLDHABER et al. [20] o me

Sors et al. [19]

MENEVEAU et al. [21] -

MENEVEAU et al. [22]

TEBBE et al. [24] B

Subtotal (95% CI) o
Deaths due to initial PE

GOLDHABER et al. [8] —

GOLDHABER et al. [16] —

MEYER et al. [14]
GOLDHABER et al. [20]
SoRs et al. [19]
MENEVEAU et al. [21]
MENEVEAU et al. [22]
TEBBE et al. [24] R

Subtotal (95% CI) TP
Deaths due to recurrent PE
GOLDHABER et al. [8] —

GOLDHABER et al. [16]
MEYER et al. [14] ——

GOLDHABER et al. [20] —a—

Sors et al. [19]

MENEVEAU et al. [21] ——

MENEVEAU et al. [22]

TEBBE et al. [24]

Subtotal (95% ClI) .
Recurrent PE

GOLDHABER et al. [16] ]

MEYER et al. [14] i
GOLDHABER et al. [20]
SoRs et al. [19]

MENEVEAU et al. [21] -  m
MENEVEAU et al. [22] B S —
Subtotal (95% ClI) <>
0.001 0.01 0.1 1 10 100 1000
Fixed RR

FIGURE 2. Meta-analysis comparing alteplase infusion with all other thrombo-
lytic regimens for the treatment of pulmonary embolism (PE) in different studies or
subcategories. Data are presented as relative risk (RR) where 0.001-1 favours
alterplase and 1-100 favours others. Cl: confidence interval.
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performed for clinical severity of PE and methodological
quality, but did not affect the results of the meta-analysis.

Crude analysis of summated data

Obijectively measured thrombolysis

This outcome measure was reported in 12 studies, which
included 32 patients treated with bolus-dose alteplase, 125
treated with standard alteplase infusion and 88 treated with
streptokinase. The summated results are presented in figure 3.
Alteplase infusion achieves clinical thrombolysis in almost twice
as many patients as bolus-dose alteplase with a RR of 1.95 (95%
CI: 1.19-3.2; p=0.008), equating to a NNT of three (table 5).
Similarly, streptokinase achieves clinical thrombolysis in more
patients than bolus dose alteplase (RR: 2.48; 95% CI: 1.52-4.03;
p=0.0003) and also alteplase infusion (RR: 1.27; 95% CI: 1.09-
1.47; p=0.002), equating to a NNT of six. Sensitivity analysis was
performed for methodological quality and when only RCTs were
included, but did not affect the results of the analysis.

Mortality

Data were available from 25 studies, including 210 patients
treated with bolus-dose alteplase, 387 treated with standard
alteplase infusion and 242 treated with streptokinase. The
summated results are presented in figure 4. Alteplase infusion
was associated with a significantly lower all-cause mortality
rate compared with bolus dose alteplase, with a RR of 0.51
(95% CI: 0.27-0.97; p=0.04; fig. 5; table 6), which was primarily
due to a reduction in the number of patients dying as a result
of the initial PE (RR: 0.16; 95% CI; 0.05-0.59; p=0.005).
Similarly, alteplase infusion was associated with a RR of 0.5
(95% CI: 0.28-0.90; p=0.02) for death from all cause compared
with streptokinase, again primarily due to a reduction in death
from the initial PE (RR: 0.13; 95% CI: 0.04-0.46; p=0.001). These
differences in mortality rates due to the initial PE are
equivalent to a NNH of 25 and 20 if the thrombolytic regimen
was switched from alteplase infusions to bolus dose alteplase
or streptokinase, respectively (table 5). There was no signifi-
cant difference in mortality rates in patients treated with
streptokinase or bolus-dose alteplase.

Sensitivity analysis did not reveal a significant difference in
mortality when the clinical severity of PE, RCT only studies or
methodological quality were considered, except for a lower
mortality due to initial PE in the analysis of alteplase infusion
compared with bolus-dose alteplase (p=0.04) in studies of
patients with massive PE.

Major bleeding episodes

This outcome measure was reported in 24 studies, including a
total of 323 patients treated with bolus-dose alteplase, 406
treated with standard alteplase infusion and 225 treated with
streptokinase. Data comparing alteplase infusion and bolus-
dose alteplase are presented in figure 5. Alteplase infusion has
a lower risk of major bleeding episodes when compared with
bolus-dose alteplase (RR: 0.64; 95% CI: 0.43-0.96; p=0.03) and
streptokinase (RR: 0.62; 95% CI: 0.4-0.96; p=0.03). There was
no significant difference between the bleeding rates for
streptokinase and bolus dose alteplase treatment. Sensitivity
analysis could not be performed because too few trials could
be included.

VOLUME 26 NUMBER 5 869



THROMBOLYSIS IN PULMONARY EMBOLISM

T. CAPSTICK AND M.T. HENRY

ay.\:{8 '8 Comparison of alteplase infusion with all other thrombolytic regimens for the treatment of pulmonary embolism (PE)

Study or subcategory Alteplase infusion n/N Other regimens n/N Weight % Fixed RR (95% CI)
All-cause mortality”
GOLDHABER et al. [8] 2/22 2/23 22.16 1.05 (0.16-6.79)
GOLDHABER et al. [16] 2/42 1/45 10.94 2.14 (0.20-22.77)
MEYER et al. [14] 3/34 1/29 12.23 2.56 (0.28-23.29)
GOLDHABER et al. [20] 1/27 5/60 35.16 0.44 (0.05-3.62)
Sors et al. [19] 017 0/36 NE
MENEVEAU et al. [21] 1/25 1/25 11.33 1.00 (0.07-15.12)
MENEVEAU et al. [22] 0/23 0/43 NE
TesgE et al. [24] 2/13 1/23 8.18 3.54 (0.35-35.37)
Subtotal’ 203 284 100 1.34 (0.57-3.14)
Deaths due to initial PE"
GOLDHABER et al. [8] 0/22 1/23 44.68 0.35 (0.01-8.11)
GOLDHABER et al. [16] 0/42 1/45 4411 0.36 (0.01-8.52)
MEYER et al. [14] 0/34 0/29 NE
GOLDHABER et al. [20] 0/27 0/60 NE
Sors et al. [19] 017 0/36 NE
MENEVEAU et al. [21] 0/25 0/25 NE
MENEVEAU et al. [22] 0/23 0/43 NE
TeBBE et al. [24] 113 0/23 11.21 5.14 (0.22-117.87)
Subtotal’ 203 284 100 0.89 (0.20-4.02)
Deaths due to recurrent PE*
GOLDHABER et al. [8] 0/22 1/23 27.35 0.35 (0.01-8.11)
GOLDHABER €t al. [16] 0/42 0/45 NE
MEYER et al. [14] 1/34 0/29 10.03 2.57 (0.11-60.81)
GOLDHABER et al. [20] 1/27 3/60 34.68 0.74 (0.08-6.80)
Sors et al. [19] 0/17 0/36 NE
MENEVEAU et al. [21] 0/25 1/25 27.94 0.33 (0.01-7.81)
MENEVEAU et al. [22] 0/23 0/43 NE
TeBBE et al. [24] 0/13 0/23 NE
Subtotal 203 284 100 0.70 (0.19-2.62)
Recurrent PE®
GOLDHABER €t al. [16] 0/42 3/45 27.05 0.15 (0.01-2.87)
MEYER et al. [14] 2/34 2/29 17.27 0.85 (0.13-5.68)
GOLDHABER €t al. [20] 2/27 4/60 19.86 1.11 (0.22-5.70)
Sors et al. [19] 117 2/36 10.26 1.06 (0.10-10.88)
MENEVEAU et al. [21] 0/25 2/25 19.99 0.20 (0.01-3.97)
MENEVEAU et al. [22] 2/23 1/43 8.7 3.74 (0.36-39.07)
Subtotal/ 168 238 100 0.77 (0.34-1.72)

RR: relative risk; Cl: confidence interval; NE: not estimable. *: total events, 11 (alteplase infusion), 11 (other regimens); test for heterogeneity, Chi-squared=2.34, df=5
(p=0.80), °=0%; test for overall effect, z=0.67, p=0.50. ": total events, 1 (alteplase infusion), 2 (other regimens); test for heterogeneity, Chi-squared=1.87, df=2
p=0.39), 1°=0%,; test for overall effect, z=0.15, p=0.88. *: total events, 2 (alteplase infusion), 5 (other regimens); test for heterogeneity, Chi-squared=1.05, df=3

(i ), 2
(p=0.79), 1°>=0%; test for overall effect, z=0.53, p=0.60. *: total events, 7 (alteplase infusion), 14 (other regimens); test for heterogeneity, Chi-squared=3.97, df=5
(i ), I?

p=0.55), I“=0%; test for overall effect, z=0.65, p=0.52. f: 95% Cl.

Recurrence of PE

This outcome measure was reported in 15 studies, including a
total of 189 patients treated with bolus-dose alteplase, 352
treated with standard alteplase infusion and 179 treated with
streptokinase, but was not significantly different between any
of the three thrombolytic therapies. Sensitivity analysis could
be performed for clinical severity of PE, methodological
quality and for RCT only studies, but did not affect the results
of this analysis.
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DISCUSSION

Although thrombolysis is now an established treatment for
patients with massive PE, the BTS recommendations regarding
thrombolysis compared with heparin alone in massive PE are
based on one small trial of eight patients where all four
patients receiving thrombolysis and heparin survived, whilst
all those receiving heparin alone died [5].

In order to determine whether thrombolysis is effective in the
treatment of PE, two similar meta-analyses have been

EUROPEAN RESPIRATORY JOURNAL



T. CAPSTICK AND M.T. HENRY

100
90
80 T
70
60
50

Patients %

40

30
20 A
10 1

Streptokinase AItepIaséinfusion AItepIaée bolus
Objectively measured thrombolysis

FIGURE 3. Percentage of patients with objectively measured thrombolysis of
pulmonary embolism after treatment with thrombolytic agents. #: 1.27 risk ratio for
streptokinase versus alteplase infusion (Chi-squared test with Yates' correction,
p=0.002); ": 1.95 risk ratio for alteplase infusion versus bolus-dose alteplase (Chi-
squared test with Yates’ correction, p=0.008).

published (neither of which were performed according to
Cochrane Collaboration guidelines). THABUT et al. [36] per-
formed a meta-analysis of RCTs comparing any thrombolytic
therapy (streptokinase, urokinase or alteplase) and heparin in
patients with acute PE of all severities. The authors reported no
significant effect on mortality or recurrence of PE, but
thrombolysis was associated with an increased risk of major
haemorrhage. They concluded that thrombolytic therapy does
not appear to have a therapeutic benefit in the management of
unselected patients with PE. Similar results were reported by
AGNELLI et al. [37], suggesting that thrombolytic therapy should
be reserved for patients presenting with massive PE. A third
study pooled the results of the two studies [19, 20], comparing
reduced-dose bolus with full-dose alteplase, but did not
perform a meta-analysis of the data [38]. No difference in the
safety or efficacy of the two treatment regimens was found.
However, the authors commented that, in order for a trial to
compare the mortality rates, the study would have required
>800 patients rather than the total of 140 across the two
studies.
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FIGURE 4. Percentage of mortality with thrombolytic drugs (M : streptokinase;

. alterplase infusion; O: alteplase bolus). Contributions to mortality associated
with initial pulmonary embolism (PE), bleeding and recurrent PE are included. 7: 0.5
risk ratio for alteplase infusion versus streptokinase (Chi-squared test with Yates’
correction, p=0.02); 1: 0.51 risk ratio for alteplase infusion versus bolus-dose
alteplase (Chi-squared test with Yates’ correction, p=0.04); *: 0.13 risk ratio for
alteplase infusion versus streptokinase (Chi-squared test with Yates’ correction,
p=0.001); *: 0.16 risk ratio for alteplase infusion versus bolus-dose alteplase (Chi-
squared test with Yates’ correction, p=0.005).

The aim of the present study was to determine the safest and
most effective thrombolytic regimen in patients with PE, in
response to the BTS recommendation that bolus-dose alteplase
should be used in the treatment of massive life-threatening PE
[1]. Meta-analysis of the two published comparative studies of
alteplase infusion and bolus-dose alteplase is unable to detect
any difference between the two regimens, because of the small
patient numbers involved and the fact that neither study
investigated the thrombolytic efficacy of either regimen.
Similarly, the meta-analysis has also failed to demonstrate
any differences in the efficacy of alteplase to streptokinase or to
other thrombolytic regimens as a whole. Consequently, overall,
the meta-analyses performed have demonstrated that the
paucity of published RCTs is still too great to enable
adequately powered statistical tests to be performed in order
to produce definitive conclusions.

Therefore, in the interest of attempting to provide further
guidance for treating patients presenting with massive PE (an
area of medicine with no firm evidence-based guidelines), an

17\ B8 Number needed to harm if thrombolytic regimen switched from alteplase infusion to bolus-dose alteplase or

streptokinase™
Change in thrombolytic Objectively measured All-cause Deaths due to Deaths due to Deaths due to Major Recurrent
regimen thrombolysis mortality initial PE bleeding recurrent PE bleeding PE
Alteplase infusion to 3 24 25 167 111 20 200
bolus-dose alteplase
Alteplase infusion to -6 23 20 1952 -966 18 34
streptokinase’
PE: pulmonary embolism. #: based on crude analysis; ¥: negative values indicate preference of streptokinase over alteplase.
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FIGURE 5. Meta-analysis of crude cumulative data comparing morbidity and
mortality associated with alteplase infusion versus bolus-dose alteplase in the
treatment of massive pulmonary embolism (PE) in different studies or subcate-
gories. Data are presented as relative risk (RR) where 0.01-1 favours infusion and
1-100 favours bolus. CI: confidence interval.
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analysis of the summated data from all the reported trials has
been performed. In doing this, the following assumptions have
been made. 1) The techniques used to combine data across
studies that are not RCTs, placebo controlled or double blinded
in patients with different severities are valid. 2) Although the
results from study to study were similar, it was assumed that
all the studies of standard alteplase infusions, bolus-dose
alteplase and streptokinase are homogenous. This may not be
valid with the bolus-dose studies, since three different dosages
were used in the seven studies. 3) Many of the studies were
unblinded, open trials, or retrospective studies, and so there
is a risk of bias in the results. 4) Different methods were used to
determine the number of patients with objective improve-
ment, e.g. evidence of clot lysis by pulmonary angiography,
cardiac echocardiogram or >50% improvement in perfusion
lung scan at 24 h. Consequently, it was assumed to be
appropriate to summate this data in the review. Individual
patient data on objective improvement was not provided in
14 studies, thus increasing the risk of making spurious
conclusions.

Analysis using this crude method, however, demonstrates that
different thrombolytic regimens may not be equivalent, with
significant differences in terms of thrombolytic efficacy, all-
cause mortality, mortality due to the initial PE and major
bleeding episodes. In view of these results, the conclusions of
previous meta-analyses [37, 38] may be queried, as the one

ay::1BSEN Comparison of morbidity and mortality associated with alteplase infusion versus bolus-dose alteplase in the treatment

of massive pulmonary embolism (PE)

Study or subcategory Alteplase infusion n/N Alteplase bolus n/N Weight % Fixed RR (95% CI)
All-cause mortality™

Cumulative 17/387 18/210 100 0.51 (0.27-0.97)

Subtotal” 387 210 100 0.51 (0.27-0.97)
Deaths due to initial PE’

Cumulative 3/387 10/210 100 0.16 (0.05-0.59)

Subtotal™ 387 210 100 0.16 (0.05-0.59)
Deaths due to bleeding®

Cumulative 3/387 3/210 100 0.54 (0.11-2.66)

Subtotal’” 387 210 100 0.54 (0.11-2.66)
Deaths due to recurrent PE®

Cumulative 2/387 3/210 100 0.36 (0.06-2.15)

Subtotal™ 387 210 100 0.36 (0.06-2.15)
Major bleeding episodes’

Cumulative 38/406 47/323 100 0.64 (0.43-0.96)

Subtotal’” 406 323 100 0.64 (0.43-0.96)
Recurrent PE*#

Cumulative 13/352 8/189 100 0.87 (0.37-2.07)

Subtotal™ 352 189 100 0.87 (0.37-2.07)

RR: relative risk; Cl: confidence interval. #: total events, 17 (alteplase infusion), 18 (alteplase bolus); test for heterogeneity, not applicable; test for overall effect, z=2.04,
p=0.04. ' total events, 3 (alteplase infusion), 10 (alteplase bolus); test for heterogeneity, not applicable; test for overall effect, z=2.78, p=0.005. *: total events, 3
(alteplase infusion), 3 (alteplase bolus); test for heterogeneity, not applicable; test for overall effect, z=0.75, p=0.45. *: total events, 2 (alteplase infusion), 3 (alteplase
bolus); test for heterogeneity, not applicable; test for overall effect, z=1.12, p=0.26. /: total events, 38 (alteplase infusion), 47 (alteplase bolus); test for heterogeneity, not
applicable; test for overall effect, z=2.15, p=0.03. *#: total events, 13 (alteplase infusion), 8 (alteplase bolus); test for heterogeneity, Chi-squared=0.00, df=1 (p=0.97),

[2=0%; test for overall effect, z=0.31, p=0.76. 1": 95% ClI.
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major assumption that each thrombolytic agent is as effective
as the next may be invalid.

Results from the current crude analysis method suggest that
the treatment of patients with PE using alteplase infusions may
be more effective than bolus-dose alteplase when the extent of
thrombolysis is measured objectively. The NNH of three
highlights the fact that a switch in practice from alteplase
infusion to bolus-dose alteplase may result in treatment
failures. A lower mortality rate was also observed in patients
treated with alteplase infusions, as well as a trend towards a
lower rate of major bleeding episodes. Thus, alteplase infusion
would appear to be the preferred therapeutic thrombolytic
regimen in patients presenting with massive PE. However, in
situations where cardiac arrest occurs secondary to massive
PE, bolus-dose alteplase may be justified in an attempt to
ensure that a therapeutic serum level of thrombolytic drug is
achieved immediately.

In the crude analysis, the thrombolytic efficacy of streptokinase
was shown to be significantly greater than both alteplase
regimens, suggesting that it may be the most useful thrombo-
lytic drug. However, this superior thrombolytic efficacy was
not associated with a reduction in mortality. In fact, patients
treated with alteplase infusions had a significantly lower
mortality rate due to the initial PE and a trend in favour of a
lower all-cause mortality rate and major bleeding episodes
than patients treated with streptokinase. The reason for this
paradoxical effect is not clear, but may be a consequence of
having a slower onset of action than alteplase [21].

Meta-analysis has failed to demonstrate any significant
difference between the thrombolytic regimens of alteplase
infusion, bolus-dose alteplase and streptokinase. The failure of
the sensitivity analysis to confirm a significant difference in
efficacy and safety of thrombolytic regimens when potential
study bias was examined may be due to the meta-analysis
being underpowered, despite a total of 1,025 patients available
for analysis, although not all patients could be included in each
analysis. To put into context the extent to which each study is
underpowered, it is thought that between 1,000 and 2,000
patients would need to be enrolled into a large-scale
randomised clinical trial of thrombolysis wversus heparin,
depending on estimates of adverse clinical outcomes [39].

In conclusion, whilst the present study may assist in clarifying
an area of medicine with a poor evidence base, the use of an
unvalidated crude analysis involving the inclusion of small
underpowered studies means these results should be inter-
preted with a certain degree of caution, and a firm recom-
mendation on which thrombolytic agent to use cannot be
given, due to the potential lack of statistical power. A large-
scale randomised, controlled clinical trial is still required to
confirm the efficacy of thrombolysis compared with heparin
alone in the treatment of pulmonary embolism, but alteplase
infusions should be the thrombolytic regimen used in any trial.
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