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Background: The use of thrombolytic agents in the treatment of hemodynamically stable patients with acute submassive
pulmonary embolism (PTE) remains controversial. We, therefore, conducted this study to compare the effect of thrombolytic
plus anticoagulation versus anticoagulation alone on early death and adverse outcome following submassive PTE.

Methods: We conducted a study of patients with acute pulmonary embolism and pulmonary hypertension or right
ventricular dilatation/dysfunction but without arterial hypotension or shock. The patients were randomly assigned in a
single-blind fashion to receive an anticoagulant [Enoxaparin (1 mg/kg twice a day)] plus a thrombolytic [Alteplase (100 mg)
or Streptokinase (1500000 u/2 hours)] or an anticoagulant [Enoxaparin (1 mg/kg twice a day)] alone. The primary endpoint
was in-hospital death or clinical deterioration requiring an escalation of treatment. The secondary endpoints of the study
were major bleeding, pulmonary hypertension, right ventricular dilatation at the end of the first week, and exertional dyspnea
at the end of the first month.

Results: Of 50 patients enrolled, 25 patients were randomly assigned to receive an anticoagulant plus a thrombolytic
and the other 25 patients were given an anticoagulant alone. The incidence of the primary endpoints was significantly
higher in the anticoagulant-alone group than in the thrombolytic-plus-anticoagulant group (p value = 0.022). At the time of
discharge, pulmonary artery pressure was significantly higher in the anticoagulant-alone group than in the thrombolytic-
plus-anticoagulant group (p value = 0.018); however, reduction in the right ventricular size or normalization of the right
ventricle showed non-significant differences between the two groups. There was no significant difference regarding the New
York Heat Association (NYHA) functional class between the two groups at the end of the first month (p value = 0.213). No
fatal bleeding or cerebral bleeding occurred in the patients receiving an anticoagulant plus a thrombolytic.

Conclusion: When given in conjunction with anticoagulants, thrombolytics may improve the clinical course of stable
patients who have acute submassive pulmonary embolism and prevent clinical deterioration.
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Introduction

Acute pulmonary embolism is a fatal event that occurs in
1 per 1000 patients and causes 50000 to 100000 deaths each
year in the United States.!"

Pulmonary thromboembolism (PTE) is the obstruction of
the pulmonary artery or one of its branches by a thrombus.
The signs and symptoms vary from massive PTE, which can
result in unstable hemodynamic status, to a small peripheral
embolus, which can be asymptomatic and benign.* The
clinical outcomes of PTE vary greatly depending on the
patient’s characteristics and the type of PTE. The estimated
3-month mortality rate after diagnosis is 10% to 15%."°
Nonetheless, 5% to 10% of patients with PTE have an
unstable hemodynamic status and shock and, by comparison
with patients without these characteristics, have a higher
mortality rate of almost 60%.% 7 Therefore, stratifying
patients on the basis of their clinical signs and symptoms
when PTE is suspected is of vital importance.

There is no clinical controversy as regards the treatment
of patients with massive PTE and hemodynamic collapse.
These patients warrant thrombolytic therapy unless
contraindications preclude this management strategy. It is
also clear that the PTE patients that present with a normal
blood pressure and a normal right ventricular (RV) function
tend to have excellent outcomes with anticoagulation therapy
alone.® ° The debate centers on patients with submassive
PTE who have RV dilatation and hypokinesis despite a
normal blood pressure. The overall mortality and prognosis
of patients with a normal systemic arterial pressure plus RV
dilatation and dysfunction are grave compared with those
of patients who have a normal systemic arterial pressure
as well as a normal RV size and function.' In patients with
submassive PTE, degree of RV dilatation and dysfunction,
severity of hypoxemia, and amount of clot burden in the
pulmonary artery, although the prognosis is different, the
clinical course may lead to either recovery or crisis. RV
dilatation and hypokinesis will either resolve with supportive
care or will evolve to hemodynamic collapse, requiring high-
dose pressors, mechanical ventilation, or cardiopulmonary
resuscitation and possibly death.

We designed a randomized clinical trial to compare the
results of thrombolytic-plus-anticoagulant therapy and
anticoagulant-alone therapy in patients with submassive
PTE.

Methods

We performed a single-blind study in Loghman Hakim
Hospital. The trial was initiated and followed by investigators
and supported by Modarres Cardiovascular Research
Center. The trial protocol was written by 3 of the academic
investigators and reviewed, modified, and approved by the

research center. The data were gathered with the use of an
electronic form, and the analyses were performed by an
independent statistician.

Between April 2011 and November 2013, patients with
submassive PTE whose diagnosis was confirmed by multi-
slice computed tomography (CT) angiography were enrolled
in our study sequentially. To be included in the trial, patients
with PTE had to fulfill at least one of the following criteria,
which were defined a priori: echocardiographically detected
RV dysfunction or RV enlargement without left ventricular
(LV) or mitral valve disease and echocardiographically
detected pulmonary artery hypertension, defined as a
tricuspid regurgitant jet velocity greater than 2.8 m per
second.!!

Patients were excluded from the study if they had one or
more of the following characteristics: age over 80 or under
18 years; hemodynamic instability, defined as persistent
arterial hypotension (i.e. systolic pressure below 90 mmHg),
with or without signs of cardiogenic shock; major surgery
or biopsy within the preceding 7 days; major trauma within
the preceding 10 days; stroke, transient ischemic attack,
craniocerebral trauma, or neurologic surgery within the
preceding 6 months; gastrointestinal bleeding within the
preceding 3 months; uncontrolled hypertension; a known
bleeding disorder; current therapy with an oral anticoagulant;
current pregnancy or lactation; a life expectancy of less than
6 months because of underlying disease; or planned use of
thrombolytic agents for extensive deep-vein thrombosis.

Written informed consent was obtained from all the
patients. Assuming a power of 90% at an alpha level of 5%
and on the basis of the data provided by Proudfoot et al.!> with
mortality up to 30% in Heparin-alone treatment compared
with down to 0% in the thrombolytic-plus-Heparin group,
we calculated that 25 patients would be required in each
group. The eligible patients underwent randomization with
the use of a computerized system, and randomization was
performed in blocks to ensure the balanced distribution of
the treatment groups.

Patients believed to have acute submassive PTE according
to hemodynamic status and echocardiographic findings
confirmed by pulmonary CT angiography (as previously
defined) were enrolled in our study and randomly assigned to
received Enoxaparin (1 mg/kg subcutaneous twice a day) as
an anticoagulant versus Enoxaparin (1 mg/kg subcutaneous
twice a day) plus Alteplase (100 mg/90 min) or Streptokinase
(1500000 uv/2 hours) as an anticoagulant plus a thrombolytic.

Overlapping oral anticoagulant therapy was started on day
3 after randomization, and the Warfarin dosage was adjusted
to maintain an international normalized ratio 0of 2.5 to 3.5.The
trial protocol permitted breaking of the randomization code
if additional therapy had to be provided on an emergency
basis to a patient whose condition was deteriorating.

The primary endpoint was in-hospital death or clinical
deterioration necessitating an escalation of treatment.
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Escalation of treatment was defined as the use of at least
one of the following: infusion of a catecholamine because
of persistent arterial hypotension or shock; secondary or
“rescue” thrombolysis for one of the following indications:
worsening  clinical symptoms, particularly dyspnea,
worsening respiratory failure due to pulmonary embolism,
arterial hypotension or shock, and persistent or worsening
pulmonary hypertension or RV dysfunction detected by
echocardiography; endotracheal intubation; cardiopulmonary
resuscitation; and emergency surgical embolectomy or
thrombus fragmentation by catheter.

The secondary endpoints of the study were comprised of
major bleeding or ischemic stroke during hospitalization,
pulmonary hypertension, RV dilatation at the end of the first
week, and exertional dyspnea at the end of the first month.
Major bleeding was defined as fatal bleeding, hemorrhagic
stroke, or a drop in the hemoglobin concentration by at
least 4 g per deciliter, with or without the need for red-cell
transfusion. Hemorrhagic or ischemic stroke was confirmed
by CT or magnetic resonance imaging.

The patients were evaluated during and at the end of
hospitalization. Transthoracic echocardiography parameters,
consisting of the RV size and function and pulmonary artery
pressure, were measured again at the end of the first week.

The data are presented as mean + standard deviation. The

Table 1. Characteristics of the two study groups”

differences between the two groups in terms of the nominal
variables were evaluated using the chi-squared and Fisher
exact tests. The scale variables with normal distributions
(based on the Kolmogorov-Smirnov test of normality and
Q-Q plot) were compared between the two groups using the
t-test. The non-normal scale variables and ordinal variables
were compared using the Mann-Whitney test. In the last step,
pulmonary artery pressure at discharge when considering the
admission value of the participants was compared between
the two groups using the analysis of covariance (ANCOVA).
All the statistical analyses were performed using SPSS
(version 21.0, IBM Co., Chicago IL). A p value < 0.05 was
considered statistically significant.

Results

Totally, 125 consecutive patients were diagnosed with
PTE in Loghman Hakim Hospital between April 2011 and
November 2013. Among them, 59 (47%) had submassive
PTE, but data registry was satisfied in only 50 patients. Fifty
patients with submassive PTE and at least 1 month’s follow-
up underwent randomization. Of these patients, 25 were
assigned to the anticoagulant-plus-thrombolytic group and 25
to the anticoagulant-alone group. The two groups were well

Total

Thrombolytic plus anticoagulant group

Anticoagulant alone group

(n=50) (n=25) (n=25) P value
Age (y) 55.7£12.4 54.8£14.1 56.6+£10.5 0.612
Sex 0.999
M 20 (40.0) 10 (40.0) 10 (40.0)
F 30 (60.0) 15 (60.0) 15 (60.0)
PAP at admission (mmHg) 59.1+8.4 62.2+10.1 56.2+6.8 0.016
O, Sat (%) 86.146.1 84.1+7.2 88.245.1 0.008
"Data are presented as mean=SD or n (%)
PAP, Pulmonary artery pressure; O, Sat, Oxygen saturation
Table 2. Treatment outcomes of the two study groups”
Total Thrombolytic plus anticoagulant group Anticoagulant alone group P value
(n=50) (n=25) (n=25)
PAP (at the time of discharge) (mmHg) 33.0+9.2 31.549.1 34.5+9.2 0.018
NLRV 0.122
No 18/47 (38.3) 7/25 (28.0) 11/22 (50.0)
Yes 29/47 (61.7) 18/25 (72.0) 11/22 (50.0)
Success 44/50 (88.0) 25/25 (100) 19/25 (76.0) 0.022
NYHA FC 0.213
1 24/47 (51.1) 15/25 (60.0) 9/22 (40.9)
2 16/47 (34.0) 7/25 (28.0) 9/22 (40.9)
3 7/47 (14.9) 3/25 (12.0) 4/22 (18.2)

“Data are presented as mean+=SD or proportion(%)

PAP, Pulmonary artery pressure; NLRV, Normalized right ventricle; NYHA FC, New York Heart Association functional class
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matched in terms of age and sex. Pulmonary artery pressure
was elevated in both groups before treatment, but it was
significantly higher in the thrombolytic-plus-anticoagulant
group (62.2 £ 10.1 vs. 56.0 £ 6.8). O, saturation was
significantly lower in the thrombolytic-plus-anticoagulant
group (Tablel).

Table 2 demonstrates that the incidence of the primary
endpoints was significantly higher in the anticoagulant-alone
group than in the thrombolytic-plus-anticoagulant group (p
value = 0.022). Death or escalation of treatment did not
occur in the thrombolytic-plus-anticoagulant group, while it
occurred in 6 of the 25 (24%) patients in the anticoagulant-
alone group. Three (12%) patients in the anticoagulant-alone
group died due to cardiac arrest secondary to PTE and 3
patients needed treatment escalation: one needed secondary
thrombolysis because of arterial hypotension on the second
day of admission; one needed endotracheal intubation owing
to respiratory distress; and one was referred for surgical
thrombectomy due to clinical deterioration on the third day.

Major bleeding did not occur in both groups. Hematuria
occurred in one patient in the anticoagulant-alone group and
in 2 patients in the thrombolytic-plus-anticoagulant group.
The mean duration of hospital stay was 7.5 + 1.5days in both
groups.

After treatment, pulmonary artery pressure was
significantly higher in the anticoagulant-alone group than
in the thrombolytic-plus-anticoagulant group (34.5 £ 9.2 vs.
31.5+9.1) since pulmonary artery pressure was higher in the
latter group before treatment.

No significant difference in the normalization of the RV
was seen between the two groups.

At the end of the first month, the patients were evaluated for
exertional dyspnea and their functional class was estimated
according to the New York Heart Association (NYHA)
classification, but there were no significant differences
(Table 2).

Discussion

Previous studies have convincingly demonstrated the
ability of thrombolytic agents to dissolve pulmonary emboli
and to improve pulmonary perfusion and RV function.”™!°

These medications are, therefore, recommended for
the treatment of massive PTE. However, the efficacy of
thrombolytic agents in the treatment of submassive PTE has
remained unclear,'” and identifying the patient population
in which the benefits of thrombolysis may outweigh the
associated risks of bleeding has been the subject of debate,
mostly because of the lack of large-scale clinical trials.!
Our study was designed to address these issues directly. Our
results indicate that thrombolytics, given with anticoagulants,
improve the clinical course of hemodynamically stable
patients who have acute submassive PTE and that they do so

with no risk of major hemorrhagic complications.

The clinical course and prognosis of patients with acute PTE
vary widely, depending on their clinical and hemodynamic
status at the time of diagnosis. In particular, RV dysfunction
has been identified as a predictor of an adverse outcome.* 3
Accordingly, in the current trial, we focused on patients
presenting with evidence of pulmonary hypertension,
RV dysfunction, or both of these conditions, which were
prospectively defined according to strict echocardiographic
and hemodynamic criteria.

In the current study, the patients in the two treatment
groups were matched in terms of age and sex, but
pretreatment pulmonary artery pressure was higher and O,
saturation was lower in the thrombolytic-plus-anticoagulant
group. Conversely, after treatment, pulmonary pressure
was lower in this group. According to the results of the
study, thrombolytic-plus-anticoagulation therapy decreased
pulmonary artery pressure more than did anticoagulant-
alone therapy (p value = 0.018).

By the end of the first week, 72% of the patients in the
thrombolytic-plus-anticoagulation group had a normal RV
compared to 50% in the anticoagulant-alone group, but the
difference did not constitute statistical significance (p value
= 0.100). In a study by Konstantinides et al.,'"* (1998) who
evaluated 40 consecutive patients with major PTE, at 12 hours
systolic pulmonary artery pressure and RV size significantly
decreased in the thrombolytic group; nonetheless, at the
end of the first week, no difference was seen between the
two groups regarding the overall change in the RV or LV
dimensions or the final values of other echocardiographic
parameters.

The in-hospital mortality rate was 6% in our study, and
there was no significant difference between the two treatment
groups. This finding chimes in with the result of the Analysis
of the Management Strategies and Determinants of Outcome
in Acute Major Pulmonary Embolism Registry,”” which
reported a mortality rate of 8% among hemodynamically
stable patients with RV dysfunction.

In our study, although there was no significant difference
with respect to the in-hospital mortality between the two
treatment groups, the incidence of primary endpoints,
comprising in-hospital death and clinical deterioration
requiring an escalation of treatment, was significantly
higher in the anticoagulant-alone group than in the
thrombolytic-plus-anticoagulant group (p value = 0.022).
This result was concordant with that of the Konstantinides
et al.'s study (2002), which compared Heparin plus Alteplase
with Heparin alone in patients with submassive PTE and
concluded that, when administered in conjunction with
Heparin, Alteplase could improve the clinical course of
stable patients with acute submassive PTE and could prevent
clinical deterioration requiring treatment escalation during
the hospital stay. Furthermore, event-free survival at 30 days
was significantly better in the Alteplase group.
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Thrombolysis may be associated with a significant increase
in the risk of fatal or disabling hemorrhagic complications.
However, the rates of bleeding in our patient population were
very low, and no patient had intracranial or fatal hemorrhage
after treatment with thrombolytics.

Our findings support the notion that thrombolytic therapy
is a safe treatment modality for hemodynamically stable
patients with acute submassive PTE, provided that it is not
given to patients with contraindications to thrombolysis and
provided that the patients’ clinical condition and coagulation
status are closely monitored.

We did not measure the markers of myocardial injury,
which is one of the limitations of our study. Further studies
on this group of PTE patients are required to shed more light
on the subject.

Conclusion

When administered in conjunction with anticoagulants,
thrombolytics may improve the clinical course of stable
patients who have acute submassive PTE and prevent
clinical deterioration, thereby obviating the need for
treatment escalation during the hospital stay and reducing
pulmonary hypertension effectively at the time of discharge.
In light of the results of the present study, we believe that
the indications for thrombolysis, which are currently limited
to massive PTE, can be extended to include submassive
PTE (manifested as RV pressure overload and dysfunction)
in hemodynamically stable patients. Patients thus treated
should be carefully monitored to ensure that they are at low
risk of serious bleeding complications.

Acknowledgments

This study was approved and supported by Modarres
Cardiovascular Research Center, Shahid Beheshti University
of Medical Sciences.

References

1. Horlander KT, Mannino DM, Leeper KV. Pulmonary embolism
mortality in the United States, 1979-1998: an analysis using
multiple-cause mortality data. Arch Intern Med 2003;163:1711-
1717.

2. Burge AJ, Freeman KD, Klapper PJ, Haramati LB. Increased
diagnosis of pulmonary embolism without a corresponding decline
in mortality during the CT era. Clin Radiol 2008;63:381-386.

3. Kearon C, Kahn SR, Agnelli G, Goldhaber S, Raskob GE, Comerota
AJ; American College of Chest Physicians. Antithrombotic therapy
for venous thromboembolic disease: American College of Chest
Physicians evidence-based clinical practice guidelines (8th
Edition). Chest 2008;133:454S-545S.

4. Jaff MR, McMurtry MS, Archer SL, Cushman M, Goldenberg N,
Goldhaber SZ, Jenkins JS, Kline JA, Michaels AD, Thistlethwaite

108

10.

11.

13.

14.

15.

16.

P, Vedantham S, White RJ, Zierler BK; American Heart Association
Council on Cardiopulmonary, Critical Care, Perioperative and
Resuscitation; American Heart Association Council on Peripheral
Vascular Disease; American Heart Association Council on
Arteriosclerosis, Thrombosis and Vascular Biology. Management
of massive and submassive pulmonary embolism, iliofemoral
deep vein thrombosis, and chronic thromboembolic pulmonary
hypertension: a scientific statement from the American Heart
Association. Circulation 2011;123:1788-1830.

Calder KK, Herbert M, Henderson SO. The mortality of untreated
pulmonary embolism in emergency department patients. Ann
Emerg Med 2005;45:302-310.

Darze ES, Latado AL, Guimardes AG, Guedes RA, Santos AB,
de Moura SS, Passos LC. Incidence and clinical predictors of
pulmonary embolism in severe heart failure patients admitted to a
coronary care unit. Chest 2005;128:2576-2580.

Goldhaber SZ, Visani L, De Rosa M. Acute pulmonary embolism:
clinical outcomes in the International Cooperative Pulmonary
Embolism Registry (ICOPER). Lancet 1999;353:1386-1389.
Dalla-Volta S, Palla A, Santolicandro A, Giuntini C, Pengo V,
Visioli O, Zonzin P, Zanuttini D, Barbaresi F, Agnelli G.PAIMS
2: alteplase combined with heparin versus heparin in the treatment
of acute pulmonary embolism. Plasminogen activator Italian
multicenter study 2. J Am Coll ardiol 1992;20:520-526.

Grifoni S, Olivotto I, Cecchini P, Pieralli F, Camaiti A, Santoro
G, Conti A, Agnelli G, Berni G. Short-term clinical outcome of
patients with acute pulmonary embolism, normal blood pressure,
and echocardiographic right ventricular dysfunction. Circulation
2000;101:2817-2822.

Goldhaber SZ, Haire WD, Feldstein ML, Miller M, Toltzis R, Smith
JL, Taveira da Silva AM, Come PC, Lee RT, Parker JA. Alteplase
versus heparin in acute pulmonary embolism: randomised trial
assessing right-ventricular function and pulmonary perfusion.
Lancet 1993;341:507-511.

Kasper W, Geibel A, Tiede N, Bassenge D, Kauder E,
Konstantinides S, Meinertz T, Just H. Distinguishing between
acute and subacute massive pulmonary embolism by conventional
and Doppler echocardiography. Br Heart J 1993;70:352-356.
Proudfoot A, Melley D, Shah PL. Role of thrombolysis in
haemodynamically stable patients with pulmonary embolism.
Thorax 2008;63:853-854.

Goldhaber SZ. Thrombolysis in pulmonary embolism: a large-
scale clinical trial is overdue. Circulation 2001;104:2876-2878.
Konstantinides S, Tiede N, Geibel A, Olschewski M, Just H,
Kasper W. Comparison of alteplase versus heparin for resolution
of major pulmonary embolism. Am J Cardiol 1998;82:966-970.
Kasper W, Konstantinides S, Geibel A, Olschewski M, Heinrich
F, Grosser KD, Rauber K, Iversen S, Redecker M, Kienast J.
Management strategies and determinants of outcome in acute
major pulmonary embolism: results of a multicenter registry. J Am
Coll Cardiol 1997;30:1165-1171.

Leon MB, Borer JS, Bacharach SL, Green MV, Benz EJ, Jr, Griffith
P, Nienhuis AW. Detection of early cardiac dysfunction in patients
with severe beta-thalassemia and chronic iron overload. N Engl J
Med 1979;301:1143-1148.

JTeh Univ Heart Ctr 9(3)

July 03,2014

http://jthc.tums.ac.ir



