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Summary. Background: Acute pulmonary embolism (PE)

can worsen quality of life due to persistent dyspnea or

exercise intolerance. Objective: Test if tenecteplase

increases the probability of a favorable composite

patient-oriented outcome after submassive PE. Methods:

Normotensive patients with PE and right ventricular

(RV) strain (by echocardiography or biomarkers) were

enrolled from eight hospitals. All patients received low-

molecular-weight heparin followed by random assignment

to either a single weight-based bolus of tenecteplase or

placebo, administered in a double-blinded fashion. The

primary composite outcome included: (i) death, circula-

tory shock, intubation or major bleeding within 5 days or

(ii) recurrent PE, poor functional capacity (RV dysfunc-

tion with either dyspnea at rest or exercise intolerance) or

an SF36� Physical Component Summary (PCS) score

< 30 at 90-day follow-up. Results: Eighty-three patients

were randomized; 40 to tenecteplase and 43 to placebo.

The trial was terminated prematurely. Within 5 days,

adverse outcomes occurred in three placebo-treated

patients (death in one and intubation in two) and one

tenecteplase-treated patient (fatal intracranial hemor-

rhage). At 90 days, adverse outcomes occurred in 13

unique placebo-treated patients and five unique tenectep-

lase-treated patients Thus, 16 (37%) placebo-treated and

six (15%) tenecteplase-treated patients had at least one

adverse outcome (exact two-sided P = 0.017). Conclu-

sions: Treatment of patients with submassive pulmonary

embolism with tenecteplase was associated with increased

probability of a favorable composite outcome.

Keywords: pulmonary embolism; quality of life; randomized

controlled trial; thrombolytic therapy; ventricular function,

right.

Introduction

The adjunctive use of fibrinolysis to treat acute submas-

sive pulmonary embolism (PE) remains controversial. In

patients without contraindications, published clinical

guidelines consistently recommend fibrinolysis for massive

PE, defined as PE that causes systolic arterial hypotension

[1–3]. However, the same guidelines conflict in their rec-

ommendations for fibrinolysis for submassive PE, defined

as PE that does not cause systolic arterial hypotension,

but does cause right ventricular strain. Some of the con-

flict arises from a dearth of randomized clinical trials that

precludes ability to assess a number needed to treat for

survival in this subgroup [4,5]. Mortality as a primary
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outcome hampers clinical trials of submassive PE because

the short-term mortality rate directly attributable to PE is

below 2% [6,7]. This implies the need for an impractically

large sample size, compelling the need for a composite

endpoint, which is more likely to have larger differences

between treatment groups [8,9].

In addition to risk of death, patients with submassive

PE may suffer persistent right ventricular dysfunction

that can impair their quality of life by causing dyspnea

and exercise intolerance [10–16]. If associated with deep

vein thrombosis, their quality of life can be further

degraded by the post-thrombotic syndrome [17,18]. We

therefore designed a primary composite outcome from the

perspective of the patient: to survive the PE without need

for life supporting interventions in hospital and on fol-

low-up, and at 90 days to have good functional capacity

(defined as normal right ventricular function on echocar-

diography, a New York Heart Association functional

class better than 3, and adequate exercise tolerance on

6-min walk test) and perception of wellness on the physi-

cal component portion of the SF-36 no worse than two

standard deviations below normal [9].

In the present investigation, all patients received stan-

dard therapy with low-molecular-weight heparin followed

by random assignment to either a weight-based, single

bolus of placebo or tenecteplase. We hypothesized that a

larger proportion of patients who received tenecteplase

would have a favorable composite outcome.

Methods

Study design and regulatory controls

This was a multicenter, double-blinded, intention to treat,

placebo-controlled, randomized controlled efficacy trial.

The rationale and methodology are described in more

detail in a separate publication [9]. The trial was regis-

tered on clinicaltrials.gov (NCT00680628) in 2008 and

conducted under IND100274 from the US Food and

Drug Administration (FDA). The clinical trial was named

by the investigators as Tenecteplase or Placebo: Cardio-

pulmonary Outcomes at Three months (TOPCOAT). The

protocol was approved by the Institutional Review

Boards at each participating site. All patients signed writ-

ten informed consent in the physical presence of a site

investigator. The study was monitored for safety by an

independent Data Safety and Monitoring Committee.

Study setting and population

Prospective enrollment occurred at eight academic medi-

cal centers in the US where the authors practice. The

inclusion criteria were: (i) age > 17 years; (ii) PE diag-

nosed on computed tomographic pulmonary angiography

performed within 24 h; and (iii) normal arterial systolic

blood pressure with evidence of right ventricular strain,

manifested by (a) hypokinesis on echocardiography, (b)

elevated troponin I or T using local thresholds (values

exceeding the 99 percentile with coefficient of variability

< 10%) or (c) brain natriuretic peptide (BNP) measure-

ment > 90 pg mL�1 or NT proBNP > 900 pg mL�1 (not

more than 6 h prior to CT angiography and not more

than 30 h before enrollment). The initial echocardiogra-

phy had to be ordered as part of standard care. Severity

criteria initially included a pulse oximetry reading < 95%

within the previous 2 hours in all locations except Aur-

ora, CO, and Salt Lake City, UT, but this criterion was

dropped after 15 patients were enrolled [19].

The study had 24 exclusion criteria listed in a previous

publication [9]. In summary, exclusions included systolic

hypotension (< 90 mmHg), inability to walk, contraindi-

cations to fibrinolysis, and end-stage conditions.

Treatment protocol

After informed consent, all patients were treated with full-

dose low-molecular-weight heparin (LMWH), 1 mg kg�1

enoxaparin, or weight-based dalteparin, 200 units kg�1,

administered subcutaneously prior to injection of study

drug or placebo. If the patient was receiving unfractionated

heparin, this was discontinued and LMWH was started. A

venous blood specimen was obtained for baseline studies.

Study group assignment occurred by a predetermined,

blocked permuted 1 : 1 randomization sequence that was

prepared by the study statistician and linked to a unique

study ID number used by a research pharmacist to prepare

placebo or tenecteplase in 0.9% saline in an opaque syr-

inge. Patients received tiered dose tenecteplase in accor-

dance with the TNKase� insert (Genentech Inc., San

Francisco, CA, USA). A site investigator injected the syr-

inge contents as soon as practicable. A study-specific order

form was placed on the chart to continue low-molecular-

weight heparin for the remainder of their hospital stay.

Depending upon the site, the clinical care team could

unblind the randomization assignment by either opening

the envelope or calling the research pharmacy. The enve-

lope had clear language indicating that unblinding was to

occur only if absolutely necessary to make emergent treat-

ment decisions. Decisions about long-term anticoagulant

therapy were at the discretion of the clinical care team.

Measurements and outcomes

Five-day adverse outcomes were PE related or treatment

related. Adverse outcomes from PE were death, circula-

tory shock (hypotension requiring vasopressor infusion),

or need for intubation. Adverse outcomes from treatment

were death from hemorrhage, any intracranial or intraspi-

nal hemorrhage, active bleeding with > 2 g dL�1 drop in

hemoglobin within 24 h requiring transfusion, and any

bleeding that required surgery, endoscopic or intravascu-

lar treatment. All patients had a complete blood count
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and fibrinogen concentration measured at enrollment and

on days 1 and 2. On each day, a study coordinator

personally visited each patient to record any bleeding

episodes, including minor bleeding, using a standardized

case report form.

After discharge, all patients without active cancer were

treated with warfarin sodium with a target international

normalized ratio (INR) for the prothrombin time between

2 and 3. Patients with active cancer were treated with

low-molecular-weight heparin injections. We assessed

quality of anticoagulation by the time in therapeutic

range (TTR), defined as the percentage of INR measure-

ments that were found to be between 2 and 3 in the time-

frame of 1 week after discharge and 90-day follow-up.

At 90 days, all survivors returned for measurements to

assess for adverse outcomes in the form of venous throm-

boembolism recurrence, poor functional capacity or poor

physical health-related quality of life. All patients had

study-funded transthoracic echocardiography, conducted

with a specific protocol to assess for right ventricular size,

pressure and systolic function. Echocardiograms were

interpreted by a board-certified cardiologist who was

blinded to treatment and outcome. We assessed for the

following adverse outcomes within 90 days:

1 Venous thromboembolism recurrence required image-

proven evidence of a new pulmonary arterial filling

defect observed on repeat CT pulmonary angiography,

or a new deep venous thrombosis observed on com-

pression ultrasound.

2 Poor functional capacity outcome required two compo-

nents. (i) Right ventricular hypokinesis or dilation

(right ventricle > left ventricle in apical four chamber

view), or an estimated right ventricular systolic pressure

> 45 mmHg, assessed on transthoracic echocardiogra-

phy. (ii) Exercise intolerance or dyspnea at rest. Exer-

cise intolerance was defined as inability to walk 330 m

using the 6-min walk test, performed in accordance

with American Thoracic Society guidelines. Severe

dyspnea was defined by a New York Heart Association

functional class of 3 or 4, assessed by the questionnaire

of Kubo et al. [20,21]

3 Poor physical health-related quality of life outcome

required a normalized Physical Component Summary

score from the Standard Form 36 (SF 36™) below 30

(i.e. < 2 standard deviations below the normative score

of 50) [10,22]. Impact of post-thrombotic syndrome

was assessed with the VEINES QOL survey (we

planned for a score < 40 to be considered a poor

physical health-related outcome) [23].

Secondary outcomes measured within 5 days included

dependence upon intensive care services, rate of unblin-

ding, rate of hospital discharge, hemoglobin and fibrino-

gen concentrations, total number of days of minor

bleeding, and frequency of all-cause Good Clinical Prac-

tice-defined adverse events. Secondary outcomes measured

at 90 days included the proportion with a New York

Heart Association functional class ≥ 3, and the mean

6-min walk distance, change in pulse oximetry with walk-

ing, the mental health component score from the SF-36,

the VEINES-QOL score, and the patients’ self-assessment

of their overall health status on a 1–10 scale, with 1 indi-

cating the worst possible and 10 the best possible health.

Summary of the composite criterion standard for an adverse

outcome

(i) Any PE-related or treatment-related serious adverse

outcomes within 5 days of enrollment. (ii) Image-con-

firmed recurrent PE or deep venous thrombosis within

3 months. (iii) Poor functional capacity at 3 months. (iv)

A normalized Physical Component Summary score < 30

from the SF-36. (v) A VEINES QOL score < 40 in

patients with known deep venous thrombosis. Patients

with an adverse outcome within 5 days were invited to

follow-up at 90 days, but each patient was only counted

once in the summation of patients with an adverse out-

come.

Data analysis and sample size

Means of continuous data were compared with an

unpaired t-test or a paired t-test. Proportions were com-

pared with 95% confidence intervals and P values from

the Exact test. Frequencies were tested with Fisher’s exact

test. The sample size was estimated at 82 per group with

complete data to show a 20% increase in the proportion

of patients who reach the composite endpoint of a good

outcome, with a = 0.05 at a power of 80%. For analysis

of the component scale, SF-36 values are presented as

raw data and the Mental Component Summary and

Physical Component Summary scores are normalized to a

mean of 50 with a standard deviation of 10. SF-36 com-

ponent scores were compared with a two-sided P value

for the Z distribution with a = 0.01 to account for multi-

ple comparisons [24]. The study was monitored for stop-

ping criteria of harm or benefit using the Lan and

DeMets alpha-spending approach [25].

Results

We recruited patients from August 2008 until October

2012. The database was completed and locked on 15

December 2013, at which time unblinding occurred. Fig-

ure 1 shows the Consort diagram for the study. Six hun-

dred and forty-three patients with inclusion criteria were

screened and informed consent was obtained in 87

(13.5%). No patient withdrew after informed consent.

Randomization allocated 40 patients to tenecteplase and

43 to placebo. Table 1 shows the clinical characteristics

of the study population, including the demographic data,

frequency of co-morbid conditions and data that indicate
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the severity of the PE, stratified by treatment group.

None of the variables were significantly different between

groups, although the data suggest a trend (P < 0.20) with

gender, Hispanic ethnicity, malignancy and COPD.

Table 1 shows the percentage of the sample who had

abnormal echocardiography, and the percentage with

abnormal biomarkers BNP and troponin I. The frequency

with which these screening tests for severity were per-

formed was: echocardiography in 54 (65%), BNP in 69

(83%) and troponin in 83 (100%). Table 2 shows the

breakdown of concomitant limb venous thrombosis strati-

fied by treatment group. There were no significant differ-

ences in the frequency or location of deep venous

thrombosis between the two groups. Regarding quality of

anticoagulation during the 3 months after discharge,

patients randomized to tenecteplase had a mean TTR of

48% (SD 24%) and a median TTR of 50% (1st–3rd
quartiles, 33–67%). Patients randomized to placebo had a

mean TTR of 49% (SD 20%) and a median TTR of 50%

(1st–3rd quartiles, 33–60%).

Table 3 and Fig. 2 show the main results of the study.

Three patients treated with placebo had an adverse out-

come within 5 days, including one who died from cardiac

arrest that was directly attributed to PE, and two who

required endotracheal intubation, vasopressor support

and catheter thrombectomy. One patient treated with ten-

ecteplase died from intracranial hemorrhage that occurred

5 h after drug administration, representing the only

patient with a major bleed that occurred during the 5-day

period of surveillance. No patient died in the period

between hospital discharge and 90 days. We obtained

complete follow-up data on 39/43 survivors from the

placebo group (90%) and 37/39 (94%) of the tenecteplase

group.

At follow-up, 13 (30%; 95% CI, 17–46) patients treated
with placebo developed a study-defined adverse outcome,

compared with five (12.5%; 95% CI, 4–27) patients trea-

ted with tenecteplase. None of these 18 patients had a

prior serious adverse outcome. Thus, including the

patients with adverse outcomes that occurred within

5 days, 16/43 patients (37%; 95% CI, 23–53) treated with

placebo and 6/40 patients (15%; 95% CI, 6–30) treated

with tenecteplase had an adverse outcome (95%

confidence interval for the difference of 22%, 3.2–40;

Prescreening criteria:

One or more exclusions

Withdrawn consent: Echo found to

be completely normal 2; clinical

team unwilling to switch heparin 1;

patient withdrew on advice of family

member 1

Patient refused
41

556

Patients screened:

Approached for informed consent

Informed consent obtained

LMWH given

ID # retrieved from sealed envelope

Single bolus tenecteplase

FIVE DAYS: Shock, intubation, thrombectomy, hemorrhage or death (83)

THREE MONTHS: Functional capacity, health related quality of life (76)

40

0.9% NaCI IVP

43

Pharmacy mixed drug—blinded syringe

83

RANDOMIZE

TREATMENT PLACEBO

87

128

PE with RV strain

N = 643

CT angiography with PE

Fig. 1. Flow diagram of study enrollment and outcomes. Exclusions (in order of frequency observed): (i) contraindications to fibrinolysis or

frailty precluding the 6-min walk test (228, 41%), (ii) investigator unavailable (144, 26%); (iii) clinical care team decided to give fibrinolytics

(139, 25%), (iv) creatinine clearance < 30 mL min�1 (22, 4%), (v) other situation precluding follow-up (22, 4%).
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two-sided P = 0.017; Fisher’s exact P = 0.027). No

patient had a VEINES QOL score < 40, but four patients

in the placebo group had a score worse than two stan-

dard deviations below the mean compared with no

patients in the tenecteplase-treated group.

Secondary outcomes measured in-hospital included

level of care, hospital dependency, laboratory values and

bleeding events. Regarding hospital dependency, the pro-

portion of patients who remained in the intensive care

unit on day 2 was significantly higher with placebo

(20.5%) compared with tenecteplase (5%, P = 0.03, Fish-

er’s exact). Figure 3 shows that a significantly higher

proportion of patients treated with placebo remained in

the hospital, starting on day 3 after enrollment. On days 1

and 2, the mean fibrinogen concentration was 417 � 146

and 451 � 189 mg dL�1, respectively, in placebo-treated

and 370 � 162 and 391 � 185 mg dL�1 respectively in ten-

ecteplase-treated patients (P = 0.2, unpaired t-test, day 1

comparisons). Hemoglobin values were not different on

day 2: 12.7 � 1.8 g dL�1 for placebo vs. 12.3 � 1.8 g dL�1

for tenecteplase (P = 0.4). Members of the clinical care

team opened the sealed envelope to reveal the randomiza-

tion assignment in three patients treated with placebo and

two treated with tenecteplase. All but one of these patients

had a serious adverse outcome that prompted unblinding.

The one patient without a serious adverse event was a pla-

cebo-treated patient. The total number of hospital days on

which patients experienced any clinically observable bleed-

ing in the first 5 days after enrollment was 11 days in the

placebo group and 19 days in the tenecteplase group. Of

note, one patient treated with tenecteplase who had under-

gone hysterectomy 31 days prior developed vaginal bleed-

ing that produced transient hypotension, requiring fluid

resuscitation, but the bleeding event did not meet the pre-

defined criteria as a treatment-related adverse outcome.

During the entire hospitalization, the total number of

Good Clinical Practice-reportable adverse events of any

type that were not part of the main composite outcome

were similar between groups, with 23 (53%) in the placebo-

treated group and 24 (55%) in the tenecteplase-treated

group. All adverse events that did not meet the study’s pre-

defined criteria for an adverse outcome, including the

bleeding events, are presented for each patient according to

treatment group in supplemental Table 1.

Table 4 and Fig. 4 show preplanned secondary out-

comes at the 90-day follow-up. Of note, we found no

clinically important difference between groups in the

mean 6-minute walk distance or any of the scales used in

the Mental Component Summary score from the SF-36.

The only significant difference was a higher patient self-

assessment of overall health using a 1-10 scale in the

tenecteplase group.

Potential sources of bias

To examine for potential bias from possible imbalanced

randomization, we performed a post-hoc analysis of the

Table 2 Frequency and location of concomitant deep venous throm-

bosis

Most proximal location of thrombosis Placebo

Tenectep-

lase

Any deep venous thrombosis 21 49% 19 48%

Femoral vein 12 28% 8 20%

Popliteal vein 8 19% 11 28%

Calf vein 6 14% 4 10%

Saphenous vein 0 0% 1 3%

Axillary vein 2 5% 0 0%

Table 1 Patient demographic data, comorbid conditions and severity

criteria

Clinical finding

Placebo

Tenectep-

lase

PN = 43 N = 40

Male gender 29 67% 20 50% 0.09

Caucasian race 26 60% 28 70% 0.37

Black race 17 40% 11 28% 0.26

Other race 1 2% 1 3% 0.99

Hispanic ethnicity 5 12% 1 3% 0.11

Surgery within the previous 6 weeks 4 9% 1 3% 0.21

Trauma within the previous 6 weeks 2 5% 3 8% 0.42

Coronary artery disease without

myocardial infarction

1 2% 1 3% 0.99

Prior myocardial infarction 2 5% 0 0% 0.24

Systolic heart failure 2 5% 1 3% 0.99

Prior history of PE or DVT 9 21% 6 15% 0.41

Active malignancy* 4 9% 9 23% 0.08

Malignancy under chemotherapy

treatment

0 0% 5 12.5% 0.01

Chronic obstructive pulmonary

disease

3 7% 0 0% 0.12

History of asthma 6 14% 4 10% 0.52

Any connective tissue disease 4 9% 4 10% 0.99

Diabetes mellitus 6 14% 4 10% 0.52

Prior stroke 1 2% 0 0% 0.99

Human immunodeficiency virus 0 0% 1 3% 0.99

Body mass index > 40 kg m�2 6 14% 6 15% 0.99

Age > 75 years 4 9% 4 10% 0.99

Pulse oximetry < 94% 30 70% 27 68% 0.99

Pulse rate > 110 beats min�1 12 28% 9 23% 0.47

Systolic blood pressure < 100 mmHg 11 26% 10 25% 0.99

Troponin elevated† 21 49% 20 50% 0.99

Brain natriuretic peptide elevated‡ 26 60% 20 50% 0.28

Right ventricular dysfunction on

echocardiography§
21 49% 18 45% 0.66

Age (years, mean and SD) 54 (14) 57 (14) 0.38

Body mass index (kg m�2) 34 (9) 33 (9) 0.46

Pulmonary arterial systolic pressure

(mmHg)

55 (11) 58 (11) 0.36

PE, pulmonary embolism; DVT, deep venous thrombosis. *Patient
report of ongoing care by an oncologist. †Above the 99th percentile

for normal with imprecision coefficient of variability < 10%, 83

patients had troponin performed; ‡> 90 pg mL�1 for brain natri-

uretic peptide or > 900 pg mL�1 for pro-brain natriuretic peptide,

69 patients had either test performed; §right ventricular hypokinesis

on echocardiography, 54 had echocardiography.
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influence of variables with P < 0.2 in Table 1 (gender,

Hispanic race, malignancy and COPD). We also created a

new composite variable defined by absence of any prior

cardiopulmonary, thromboembolic or malignancy history.

We performed a conditional logistic regression, stratified

by treatment, to determine if any of these variables were

significantly predictive of outcome. This multivariate

analysis does not suggest any of these six variables biased

the outcome (all had P > 0.1). Regarding the two patients

in the placebo group with low perception of wellness

based on the SF-36 as their only adverse outcome, one

patient had a prior history of COPD and the other had

none of the co-morbid conditions listed in Table 1. If the

SF-36 results were removed as a criterion for an adverse

outcome, the significance level would decrease: 14/43 pla-

cebo patients vs. 6/40 patients (two-sided P = 0.048; Fish-

er’s exact P = 0.075). If one more patient met an

endpoint in the tenecteplase group, the P values would be

0.03 from the exact binomial and 0.053 by Fisher’s exact.

Discussion

This study reports a clinical trial of fibrinolysis to treat

acute submassive PE that employed a patient-oriented,

composite outcome that included measurements that

assess quality of life. This composite outcome was moti-

vated by data from interviews and surveys of patients

with submassive PE, administered hours, months and

years after diagnosis [10,13,26]. Immediately after diagno-

sis, acutely symptomatic patients with submassive PE

consistently indicate their desire to survive without the

need for life supporting measures at any time, avoid PE

Table 3 Breakdown of all adverse outcomes in each treatment group

Treatment

Within 5 days At 90-day follow-up

Death

Shock/

intubation

Recurrent

VTE* and

poor

functional

capacity† and

low perception

of

wellness‡

Poor functional

capacity† and

low perception

of

wellness‡

Recurrent VTE*

and low percep-

tion of wellness‡

Poor

functional

capacity†
only

Recurrent

VTE only

Low

perception

of

wellness‡
only None§

Placebo

(N = 43)

1 2 1 5 2 2 1 2 27 (63%)

Tenecteplase

(N = 40)

1 0 0 1 0 3 1 0 34 (85%)

*VTE, recurrent venous thromboembolism (two with pulmonary embolism, one with deep venous thrombosis and one with both in the placebo

arm and one with deep venous thrombosis in the tenecteplase arm). †Poor functional capacity (right ventricular dysfunction on echocardiogra-

phy plus either a New York Heart Association functional score ≥ 3 [21] or < 330 m walked in 6 min [20]). ‡Low perception of wellness by the

Physical Component Summary score < 30 from the SF36 survey [22]). §None indicates the number of patients with no predefined adverse end-

point at 90-day follow-up.

TENECTEPLASE 85%

63%

0 10 20 30 40
Number of patients

Death
Shock/Intubation
VTE+PFC+LPW

VTE+LPW
VTE onlyFC+LPW
LPW only
NonePFC only

50

2p = 0.017*

OUTCOME

PLACEBO

Fig. 2. Bar graph summarizing the main findings. The two-sided P

value is from the exact test on independent proportions. *P = 0.027

by Fisher’s exact. VTE, venous thromboembolism; PFC, poor func-

tional capacity; LPW, low perception of wellness based upon physi-

cal component summary score < 30 from the SF-36.

1.0
PLACEBO
TENECTEPLASE

*

*
*

* P < 0.001 Fisher’s exact0.8

0.6

0.4

0.2

0.0
1 2 3 4 5

Day after PE diagnosis
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s 
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Fig. 3. Hospital discharge during the first 5 days after enrollment.

© 2014 International Society on Thrombosis and Haemostasis

464 J. A. Kline et al



recurrence, and to achieve resolution from dyspnea and

exercise intolerance. Evidence supports their concerns.

Stevinson et al. [26] found that 6 months after diagnosis,

13% of previously healthy patients from the US stated

their overall health status was worse or not better than at

the time they were diagnosed and acutely symptomatic

with submassive PE. In a Dutch case-control study, Klok

et al. [10] administered the SF-36 on average 3.6 years

after PE diagnosis and found significant, global impair-

ment in quality of life after PE. For TOPCOAT we there-

fore compiled an endpoint that included death,

circulatory shock requiring vasopressor support, respira-

tory distress requiring intubation, and the 90-day end-

point of poor functional capacity or low self-perception

of physical health.

Two other randomized trials have used tenecteplase to

treat submassive PE [8,27]. The present study differs from

these studies in the outcome, and the use of LMWH

instead of unfractionated heparin as the anticoagulant.

We believe that LMWH simplifies the treatment protocol

and provides more reliable anticoagulation [28].

Patients with PE randomized to placebo were more

likely to have an undesirable outcome than patients ran-

domized to tenecteplase. The main drivers of this effect

were the composite endpoint of impaired functional

capacity and a low self-assessment of physical wellness

from the SF-36 measured 3 months after PE diagnosis. It

is of relevance that the SF-36 raw values from placebo

patients in Fig. 4 agree with those from a study of Dutch

patients assessed a median time of 25 months after PE

[29]. Patients treated with tenecteplase spent less time in

the intensive care unit and less overall time in the hospital

and had no increase in adverse events or total days of

any bleeding. The extensive exclusion criteria were

designed to lower the risk of bleeding with fibrinolysis,

but this sample included patients with higher risk criteria,

including 13 with active malignancy, eight over age

75 years, and five with surgery within 6 weeks [30].

These outcomes provide clinicians and patients with the

first data that enable an evidence-based discussion that

can include the short-term risks together with potential

longer term health benefits of fibrinolysis for acute

submassive PE. However, the data also suggest that clini-

cians should discuss an increased risk of bleeding, includ-

ing the worst-case scenario of a disabling or fatal

intracranial hemorrhage.

Table 4 Results of measurements at 90-day follow up

Measurement

Placebo

N = 39

Tenecteplase

N = 37

P*

N or

mean

% or

SD

N or

mean

% or

SD

New York Heart

Association

functional class

≥ 3

8 20.5% 2 5.4% 0.051

New York Heart

Association score

1.7 0.9 1.5 0.6 0.48

Right ventricular

dilation or

hypokinesis

13 33.3% 14 37.8% 0.64

Six-minute walk

distance (m)

403 113 407 98 0.90

Six-minute walk

distance < 330 m

11 28% 6 16% 0.19

Mean change in

SaO2% with walk

test

�0.6% 2.2% 0.3% 2.2% 0.093

VEINES-QOL

score

90 17 93 12 0.397

SF-36 Mental

Component

Summary

53 2 53 1 0.670

Self-assessment of

overall health

better than

3 months prior

29 74% 30 81% 0.43

Overall health

assessment

(1–10; 1 worst,

10 best)

2.4 1.6 3.3 2.0 0.036

N, number; SD, standard deviation; VEINES-QOL, post-thrombotic

quality of life score; SF-36, Standard Form 36. *From exact bino-

mial test or unpaired t-test.
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Fig. 4. Plot of SF-36 scores based upon treatment group. Normative

scores are produced from a linear transformation of the raw scores

to produce a mean of 50 and a standard deviation of 10. P values

were adjusted for multiple comparisons.
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This study has limitations. First, the study had to be

terminated early, as a direct result of the principal investi-

gator relocating to a new institution that led to insur-

mountable legal and administrative barriers required to

reestablish the prime research site and transfer the con-

sortia subcontracts. The challenges of initiating these

agreements have been described [9]. The study was closed

prior to unblinding. Secondary analyses of prematurely

closed randomized trials have suggested that P values

fluctuate randomly early during enrollment, and early ter-

mination may have caused unrecognized bias if it were

coincident with a chance nadir in P value [31]. We care-

fully searched for the potential effect of imbalanced ran-

domization in the post-hoc analysis in Table 5 and were

unable to find any evidence of bias. We believed in

advance that quality of life improvements would be asso-

ciated with improved right ventricular function, but we

found no difference in the frequency of right ventricular

dilation or hypokinesis between groups at 90-day follow-

up. It remains possible that we would have observed dif-

ferences in right ventricular pressures if we had measured

them during exercise [32,33].

We also acknowledge the absence of a perfect method

to measure functional capacity or quality of life, and the

SF-36 may not be measuring health status related to PE.

We believe that patients generally regard an outcome that

includes a dilated right heart associated with dyspnea at

rest or marked exercise intolerance as undesirable. When

this study was planned in 2008, no instrument had been

specifically derived to assess quality of life after PE, and

we used the SF-36 because of its long history as a stan-

dard tool to assess quality of life in clinical trials and out-

come studies of many cardiopulmonary diseases,

including pulmonary embolism [10,34]. This was a small

study, carried out in a US population with a lower mean

age than is observed in European studies of patients with

PE [35]. Thus, our observed 2.5% rate of intracranial

hemorrhage, which has 95% confidence intervals from

zero to 12%, may be higher in other populations. Finally,

the method of determining treatment effectiveness used a

composite outcome that considered death statistically

equivalent to a low score on a survey.

Conclusion

This small trial found that patients with submassive PE

treated with a single bolus of tenecteplase had a modestly

increased probability of a good functional outcome, but

the sample size was too small to assess whether tenectep-

lase increases the risk of intracranial hemorrhage.

Addendum

J. A. Kline: study concept and design, acquisition of the

data, analysis and interpretation of the data, drafting of

the manuscript, critical revision of the manuscript for

important intellectual content, statistical expertise,

obtained funding, administrative, technical or material

support, study supervision. J. A. Kline takes responsibil-

ity for the manuscript as a whole. J. Hernandez: acquisi-

tion of the data, administrative, technical or material

support, study supervision. A. E. Jones, D. M. Courtney,

C. Kabrhel, K. E. Nordenholz, D. B. Diercks, M. T.

Rondina and J. R. Klinger: acquisition of the data, analy-

sis and interpretation of the data, drafting of the manu-

script, critical revision of the manuscript for important

intellectual content, technical or material support, study

supervision. Data Safety Monitoring Chair: M. Rodger,

Division of Hematology, University of Ottawa, Ottawa,

Ontario, Canada. Study Monitor: M. M. Hogg, Murphy

Clinical Consultants, Charlotte, NC, USA.

Acknowledgements

Presented as an abstract at the American College of Car-

diology, San Francisco, CA, March, 2013.

Disclosure of Conflicts of Interest

J. A. Kline owns stock in CP Diagnostics LLC, is a consul-

tant for Daiichi Sankyo Inc, Donawa Lifesciences Consult-

ing and Stago Diagnostica, and has received funding from

the Agency for Healthcare Reform, National Institutes for

Health. This study was funded by an investigator-initiated

grant from Genentech, Inc. A. E. Jones has received

Table 5 Analysis for possible effect of imbalance in randomization

Placebo (n = 40*) Tenecteplase (n = 39*)

POutcome� Outcome+
Subtotal

(%) Outcome� Outcome+
Subtotal

(%)

COPD 1 2 3 (8) 0 0 0 (0) 0.5304

Malignancy under treatment 0 0 0 (0) 3 2 5 (13) 0.4904

Male gender 19 8 27 (68) 15 4 19 (49) 0.4791

Hispanic ethnicity 4 1 5 (13) 1 0 1 (3) 0.3201

No prior cardiopulmonary disease, VTE or active

cancer

14 4 18 (45) 16 4 20 (51) 0.1191

COPD, chronic obstructive pulmonary disease; VTE, venous thromboembolism. P values from conditional logistic regression. *Number of

patients with complete follow-up, including one patient who died in each group.

© 2014 International Society on Thrombosis and Haemostasis

466 J. A. Kline et al



funding from the National Institutes of Health. D. B. Dier-

cks serves as a consultant for Daiichi Sankyo, Beckmann

Coulter, Mylan, and has received research support from

Radiometer, Alere, DOD and the National Institutes of

Health. C. Kabrhel is a consultant for Stago Diagnostica.

Supporting Information

Additional Supporting Information may be found in the

online version of this article:

Table S1. Adverse events that did not meet a study defini-

tion of a serious adverse outcome.

References

1 Jaff MR, McMurtry MS, Archer SL, Cushman M, Goldenberg

N, Goldhaber SZ, Jenkins JS, Kline JA, Michaels AD, Thistle-

thwaite P, Vedantham S, White RJ, Zierler BK. Management of

massive and submassive pulmonary embolism, iliofemoral deep

vein thrombosis, and chronic thromboembolic pulmonary hyper-

tension: a scientific statement from the American Heart Associa-

tion. Circulation 2011; 1: 1788–830.
2 Torbicki A, Perrier A, Konstantinides S, Agnelli G, Galie N,

Pruszczyk P, Bengel F, Brady AJ, Ferreira D, Janssens U, Klep-

etko W, Mayer E, Remy-Jardin M, Bassand JP, Vahanian A,

Camm J, De Caterina R, Dean V, Dickstein K, Filippatos G,

et al. Guidelines on the diagnosis and management of acute pul-

monary embolism: the Task Force for the Diagnosis and Man-

agement of Acute Pulmonary Embolism of the European Society

of Cardiology (ESC). Eur Heart J 2008; 29: 2276–315.
3 Holbrook A, Schulman S, Witt DM, Vandvik PO, Fish J, Kov-

acs MJ, Svensson PJ, Veenstra DL, Crowther M, Guyatt GH.

Evidence-based management of anticoagulant therapy: Anti-

thrombotic Therapy and Prevention of Thrombosis, 9th ed:

American College of Chest Physicians Evidence-Based Clinical

Practice Guidelines. Chest 2012; 141: e152S–84S.
4 Worster A, Smith C, Silver S, Brown MD, Worster A, Smith C,

Silver S, Brown MD. Evidence-based emergency medicine/criti-

cally appraised topic. Thrombolytic therapy for submassive pul-

monary embolism? [Review] [18 refs]. Ann Emerg Med 2007; 50:

78–84.
5 Dong B, Jirong Y, Liu G, Wang Q, Wu T. Thrombolytic ther-

apy for pulmonary embolism. Cochrane Database Syst Rev 2009:

CD004437.

6 Pollack CV, Schreiber D, Goldhaber SZ, Slattery D, Fanikos J,

O’Neil BJ, Thompson JR, Hiestand B, Briese BA, Pendleton

RC, Miller CD, Kline JA. Clinical characteristics, management,

and outcomes of patients diagnosed with acute pulmonary embo-

lism in the emergency department: initial report of EMPEROR

(Multicenter Emergency Medicine Pulmonary Embolism in the

Real World Registry). J Am Coll Cardiol 2011; 57: 700–6.
7 Stein PD, Matta F, Alrifai A, Rahman A. Trends in case fatality

rate in pulmonary embolism according to stability and treatment.

Thromb Res 2012; 130: 841–6.
8 PEITHO Investigators. Single-bolus tenecteplase plus heparin

compared with heparin alone for normotensive patients with

acute pulmonary embolism who have evidence of right ventricu-

lar dysfunction and myocardial injury: rationale and design of

the Pulmonary Embolism Thrombolysis (PEITHO) trial. Am

Heart J 2012; 163: 33–8.
9 Kline JA, Hernandez J, Hogg MM, Jones AE, Courtney DM,

Kabrhel C, Nordenholz KE, Diercks DB, Rondina MT, Klinger

JR. Rationale and methodology for a multicentre randomised

trial of fibrinolysis for pulmonary embolism that includes quality

of life outcomes. Emerg Med Australas 2013; 25: 515–26.
10 Klok FA, van Kralingen KW, van Dijk AP, Heyning FH, Vlie-

gen HW, Kaptein AA, Huisman MV. Quality of life in long-term

survivors of acute pulmonary embolism. Chest 2010; 138: 1432–
40.

11 Klok FA, van Kralingen KW, van Dijk AP, Heyning FH, Vlie-

gen HW, Huisman MV. Prevalence and potential determinants

of exertional dyspnea after acute pulmonary embolism. Respir

Med 2010; 104: 1744–9.
12 Klok FA, Tijmensen JE, Haeck ML, van Kralingen KW, Huis-

man MV. Persistent dyspnea complaints at long-term follow-up

after an episode of acute pulmonary embolism: results of a ques-

tionnaire. Eur J Intern Med 2008; 19: 625–9.
13 Kline JA, Steuerwald MT, Marchick MR, Hernandez-Nino J,

Rose GA. Prospective evaluation of right ventricular function and

functional status six months after acute submassive pulmonary

embolism: frequency of persistent or subsequent elevation in esti-

mated pulmonary artery pressure. Chest 2009; 136: 1202–10.
14 Fasullo S, Scalzo S, Maringhini G, Ganci F, Cannizzaro S, Ba-

sile I, Cangemi D, Terrazzino G, Parrinello G, Sarullo FM, Bag-

lini R, Paterna S, Di PP. Six-month echocardiographic study in

patients with submassive pulmonary embolism and right ventricle

dysfunction: comparison of thrombolysis with heparin. Am J

Med Sci 2011; 341: 33–9.
15 Sharifi M, Bay C, Skrocki L, Rahimi F, Mehdipour M. Moder-

ate pulmonary embolism treated with thrombolysis (from the

“MOPETT” Trial). Am J Cardiol 2013; 111: 273–7.
16 Otero R, Oribe M, Ballaz A, Jimenez D, Uresandi F, Nauffal D,

Conget F, Rodriguez C, Elias T, Jara L, Cayuela A, Blanco I,

Barbera J. Echocardiographic assessment of pulmonary arterial

pressure in the follow-up of patients with pulmonary embolism.

Thromb Res 2011; 127: 303–8.
17 Kahn SR, Shrier I, Kearon C. Physical activity in patients with

deep venous thrombosis: a systematic review. Thromb Res 2008;

122: 763–73.
18 Vazquez SR, Freeman A, van Woerkom RC, Rondina MT.

Contemporary issues in the prevention and management of post-

thrombotic syndrome. Ann Pharmacother 2009; 43: 1824–35.
19 Kline JA, Hernandez J, Rose G, Norton HJ, Camargo CA Jr.

Surrogate markers for adverse outcomes in normotensive

patients with pulmonary embolism. Crit Care Med 2006; 34:

2773–80.
20 Crapo RO, Enright PL, Zeballos RJ. ATS statement: guidelines

for the six-minute walk test. Am J Respir Crit Care Med 2002;

166: 111–7.
21 Kubo SH, Schulman S, Starling RC, Jessup M, Wentworth D,

Burkhoff D. Development and validation of a patient question-

naire to determine New York Heart Association classification.

J Card Fail 2004; 10: 228–35.
22 Hays RD, Sherbourne CD, Mazel RM. The Rand 36-item health

survey 1.0. Health Econ 1993; 2: 217–27.
23 Kahn SR, Lamping DL, Ducruet T, Arsenault L, Miron MJ,

Roussin A, Desmarais S, Joyal F, Kassis J, Solymoss S, Desjar-

dins L, Johri M, Shrier I; VETO Study Investigators. VEINES-

QOL/Sym questionnaire was a reliable and valid disease-specific

quality of life measure for deep venous thrombosis. J Clin Epi-

demiol 2006; 59: 1049–56.
24 Aickin M, Gensler H. Adjusting for multiple testing when

reporting research results: the Bonferroni vs Holm methods. Am

J Public Health 1996; 86: 726–8.
25 Lan GKK, DeMets DL. Discrete sequential boundaries for clini-

cal trials. Biometrika 1983; 70: 659–63.
26 Stevinson BG, Hernandez-Nino J, Rose G, Kline JA. Echocar-

diographic and functional cardiopulmonary problems 6 months

after first-time pulmonary embolism in previously healthy

patients. Eur Heart J 2007; 28: 2517–24.

© 2014 International Society on Thrombosis and Haemostasis

Tenecteplase for pulmonary embolism 467



27 Becattini C, Agnelli G, Salvi A, Grifoni S, Pancaldi LG, Enea I,

Balsemin F, Campanini M, Ghirarduzzi A, Casazza F. Bolus

tenecteplase for right ventricle dysfunction in hemodynamically

stable patients with pulmonary embolism. Thromb Res 2010; 125:

e82–6.
28 Erkens PM, Prins MH. Fixed dose subcutaneous low molecular

weight heparins versus adjusted dose unfractionated heparin for

venous thromboembolism. Cochrane Database Syst Rev 2010;

CD001100.

29 van Es J, den Exter PL, Kaptein AA, Andela CD, Erkens PM,

Klok FA, Douma RA, Mos IC, Cohn M, Kamphuisen PW,

Huisman MV, Middeldorp S. Quality of life after pulmonary

embolism as assessed with SF-36 and PEmb-QoL. Thromb Res

2013; 132: 500–5.
30 Nieto JA, Solano R, Trapero IN, Ruiz-Gimenez N, Fernandez-

Capitan C, Valero B, Tiberio G, Bura-Riviere A, Monreal M.

Validation of a score for predicting fatal bleeding in patients

receiving anticoagulation for venous thromboembolism. Thromb

Res 2013; 132: 175–9.
31 Montori VM, Devereaux PJ, Adhikari NK, Burns KE, Eggert

CH, Briel M, Lacchetti C, Leung TW, Darling E, Bryant DM,

Bucher HC, Schunemann HJ, Meade MO, Cook DJ, Erwin PJ,

Sood A, Sood R, Lo B, Thompson CA, Zhou Q, et al. Random-

ized trials stopped early for benefit: a systematic review. JAMA

2005; 294: 2203–9.
32 Sharma GV, Folland ED, McIntyre KM, Sasahara AA. Long-

term benefit of thrombolytic therapy in patients with pulmonary

embolism. Vascular Medicine 2000; 5: 91–5.
33 Lewis GD, Bossone E, Naeije R, Grunig E, Saggar R, Lance-

llotti P, Ghio S, Varga J, Rajagopalan S, Oudiz R, Rubenfire M.

Pulmonary vascular hemodynamic response to exercise in cardio-

pulmonary diseases. Circulation 2013; 128: 1470–9.
34 Puhan MA, Guyatt GH, Goldstein R, Mador J, McKim D,

Stahl E, Griffith L, Schunemann HJ. Relative responsiveness of

the Chronic Respiratory Questionnaire, St. Georges Respiratory

Questionnaire and four other health-related quality of life instru-

ments for patients with chronic lung disease. Respir Med 2007;

101: 308–16.
35 Penaloza A, Kline J, Verschuren F, Courtney DM, Zech F, Der-

rien B, Vielle B, Armand-Perroux A, Thys F, Roy PM. Euro-

pean and American suspected and confirmed pulmonary

embolism populations: comparison and analysis. J Thromb Hae-

most 2012; 10: 375–81.

© 2014 International Society on Thrombosis and Haemostasis

468 J. A. Kline et al


