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Abstract

Background: Thrombolytic therapy in patients with sub-massive pulmonary embolism (SMPTE) needs further assessment.
Objectives: The current study aimed to assess a potential benefit of thrombolytic and non-thrombolytic therapy in patients with
SMPTE.
Patients andMethods: One hundred-nineteen patients were enrolled with SMPTE from 2006 to 2010 in the tertiary care center of
Rajaie medical and research center. The patients who had pulmonary thromboemboli (PTE) and received thrombolytic plus heparin
therapy and or non-thrombolytic (unfractionated heparin alone) were evaluated for hemodynamic changes (blood pressure, pulse
rate, pulmonary artery systolic pressure, right ventricular failure and right ventricle enlargement), before and after 48 hours of
treatment. The mortality rate was also assessed.
Results: Forty-five percent of the patients with SMPTE received thrombolytic therapy (streptokinase) and 55% of SMPTE patients
received non-thrombolytic therapy (unfractionated heparin). Pulse rate, pulmonary arterial pressure and tricuspid regurgitation
gradient in patients receiving thrombolytic therapy reduced significantly (P = 0.001, P = 0.01 and P = 0.001, respectively). There was
no significant difference before and after treatment regarding systolic blood pressure (P = 0.4), diastolic blood pressure (DBP) (P =
0.5), systolic arterial pressure (SPAP) (P = 0.1), Right ventricular (RV) function (P = 0.1) and RV size (P = 0.1). In patients who received
a non-thrombolytic therapy, there were no significant differences between the groups regarding SBP (P = 0. 2), DBP ( P= 0. 4) and PR
(P = 0. 1), SPAP (P = 0.6), TRG (P = 0.4), RV function (P = 0.4) and RV size (P = 0.2) before and after treatment. There were no significant
differences between the groups according to mortality rate.
Conclusions: Thrombolytic therapy lead to earlier relief of hemodynamic condition in comparison to non-thrombolytic therapy
but no changes were observed in mortality rate.
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1. Background

Massive pulmonary thromboemboli is categorized by
arterial hypotension and cardiogenic shock. Arterial hy-
potension is considered as a systolic arterial pressure less
than 90 mmHg or decrease in systolic arterial pressure
about 40 mmHg for at least 15 minutes and cardiogenic
shock is characterized by tissue hypo perfusion and hy-
poxia (1). Pulmonary thromboemboli (PTE) is still consid-
ered as a great risk factor of mortality and morbidity in
society (2). Pulmonary embolism (PE) is one of the most
complicated conditions to be diagnosed perfectly. Com-
puted tomography pulmonary angiography (CTPA) was
introduced as a noninvasive test to diagnose PE(2). Un-

treated PTE has a high mortality rate; therefore, appro-
priate and correct diagnostic tests are necessary to initi-
ate antithrombotic therapy whereas avoiding its hazards
in patients without this diagnosis (3). In patients with
sub-massive pulmonary thromboemboli (SMPTE) myocar-
dial dysfunction or injury markers may be valuable for
risk stratification of patients who are hemodynamically
stable. The echocardiography shows that the right ven-
tricular dysfunction is associated with increased mortal-
ity rate among patients with acute PE (4, 5). Echocardio-
gram is a sensible tool to demonstrate the diagnosis by
confirming the right ventricular dysfunction and dilata-
tion. In addition, it can also exclude diagnoses that might
imitate PE such as aortic dissection, pericardial tampon-
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ade, or acute myocardial infarction. Moreover, the echocar-
diogram can diagnose PE complications such as right heart
thrombus and even show thrombus protruding into the
left atrium through a patent foramen oval or atrial septal
defect (6). According to recent studies (7-9), an echocardio-
graphy in which right ventricular dysfunction is demon-
strated, is probably a prognostic factor in patients with
stable condition and massive PE, this condition leads au-
thors to suggest thrombolysis in such patients. The only
anticoagulant applied in combination with thrombolytic
therapy in patients with PE is intravenous unfractionated
heparin and low-molecular-weight heparin (LMWH). Con-
sequently, preliminary anticoagulation therapy with intra-
venous unfractionated heparin is suitable in a condition
that thrombolytic therapy is considered (10). In a meta-
analysis, the effects of thrombolytic therapy demonstrated
that intravenous thrombolysis was associated with a mor-
tality reduction between hemodynamically unstable pa-
tients with PE (11).

2. Objectives

The current study aimed to compare hemodynamic in-
dices, echocardiographic findings of right ventricular dys-
function, and outcomes in patients treated either by un-
fractionated heparin plus thrombolytic (HT group) and,
heparin (and or low molecular weight heparin) without
thrombolytic (HWT group), in patients with SMPT, before
and more than 48 hours after the start of each treatment,
and also obtain total hospital death in either groups.

3. Patients andMethods

Based on historical cohort studies among patients ad-
mitted in the hospital from 20 March 2008 to 20 March
2012, 524 patients had been admitted with primary diagno-
sis of pulmonary thrombo emboli (PTE). Diagnosis of PTE
was based on clinical symptoms and signs of presentation
or by diagnosis of primary or referral physicians with or
without deep vein thrombosis. Among them 345 patients
had the final diagnosis of pulmonary emboli and were eli-
gible for this study.

3.1. Study Design

In this study, all patients admitted and treated in
the hospital with diagnosis of PE, and finally labeled
by the same diagnosis at discharge note were included.
Baseline assessment including clinical examination, ECG,
trans-thoracic echocardiography, perfusion lung scan, and

pulmonary CT angiography (PCTA) were applied for ev-
ery patient, and conventional pulmonary angiography re-
ports were depicted from patient documents. Echocar-
diographic data were obtained from patients documents.
Routine technique of echocardiographic examination in
the hospital in all of the subjects was patient at left lat-
eral decubitus positioned by an echocardiography ma-
chine (vivid 3 General Electric Medical system Vingmed
Ultrasound AS, Horten, Norway) prepared with 3.6 MHz
transducer. All dimensions were achieved according to
the American society of echocardiography guidelines by
echocardiologists. In patients who underwent right heart
catheterization, pressures were obtained by Swan Ganz
catheter (Edward Life Science Company). Pulmonary
thromboemboli was accepted if confirmed by (PCTA),
there was high probability of perfusion scan according
to PIOPED study criteria, clot was observed directly in
echocardiography, and emboli confirmed with pulmonary
angiography or magnetic resonance imaging (MRI). Pa-
tients were labeled as massive PTE and excluded if they
had systolic blood pressure below 90 mmHg after pri-
mary liquid resuscitation and were hemodynamically un-
stable. They were accepted as sub massive Pulmonary Em-
boli group (SMPTE) if they encountered significant right
ventricular enlargement and failure was found in echocar-
diography, and or systolic pressure increased to more than
90 mmHg with primary fluid resuscitation. Patients with
PTE, who died because of the other reasons, had criteria
and managed as massive PTE by device thrombo-suction
or surgical thrombectomy, cases who left hospital before
any more diagnostic methods and the patients who had
incomplete recorded documents were excluded. Patient
with massive burden of clot on PCTA and without hemo-
dynamic or echocardiographic findings in favor of SMPTE
were also accepted as SMPTE.Patients were divided into two
groups based on physician‘s decision. Group one those
who received unfractionated heparin plus thrombolytic
(HT group), either streptokinase (most often) or other
thrombolytic; and group two those who received unfrac-
tionated heparin or low molecular weight heparin (most
often enoxaparin) without thrombolytic (HWT).

3.2. Statistical Analysis

Numeric data are expressed as mean ± SD. All vari-
ables were tested for normal distribution with One-Sample
Kolmogorov-Smirnov test. Quantitative variables in each
group were evaluated and compared by Student unpaired
t-test and Mann-Whitney U test; moreover, the Fisher’s ex-
act test or chi-Square test was used to compare the two
qualitative variables. Before-after data was were compared
by paired t test. SPSS 15.0 for Windows (SPSS Inc., Chicago,
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Illinois, USA) was used for all statistical analyses. P < 0.05
was considered as the level of the significance.

4. Results

From 2008 to 2012, among 80134 admissions, 345 pa-
tients were hospitalized with diagnosis of pulmonary em-
bolism in Rajaie cardiovascular, medical and research cen-
ter. One hundred-ninety (34%) of these patients had sub-
massive thromboembolism (SMPTE) and 226 (66%) cases
had either non massive thromboembolism, or massive
thromboemboli leading to other interventions. Forty-
five percent of the patients with SMPTE received throm-
bolytic therapy (streptokinase) and 55% of SMPTE patients
received non-thrombolytic therapy (unfractionated hep-
arin).

4.1. Age and Thromboemboli

There were no statistically significant differences be-
tween the two groups according to age (50.90±15.18 in HT
group vs. 55.03 ± 18.06 in HWT group) (P = 0.2).

4.2. Gender and Thromboemboli

In the current study, no significant relationship was
found between the groups in terms of gender. The group
that received thrombolytic therapy (HT) consisted of 29
females and the patients who received non-thrombolytic
therapy (HWT) consisted of 30 females (P = 0.9).

4.3. Clinical Symptoms and Thromboemboli

Regarding the clinical symptoms, the most prevalent
clinical findings among the two groups were dyspnea in
88.7% of the cases, palpitation in 51.3% of the patients and
chest pain (39%) and tachypnea in 30% of the cases in pa-
tients with SMPTE; however, there was no significant dif-
ference between the two groups regarding the mentioned
clinical symptoms (P > 0.05). All the demographic data are
shown in Table 1.

4.4. Risk Factors and Thromboemboli

Totally 77% of the patients were recognized with some
other risk factors. The most prevalent risk factors were pre-
vious thromboembolism, cardiac diseases, fractures and
deep vein thrombosis observed in 13%, 9.6%, 8.7%, and 7.8%
of the patients, respectively.

4.5. Hemodynamic Status and Thromboemboli

Before initial treatment with HT and or HWT, hemody-
namic factors were compared between the two groups. All
demographic and clinical data are shown in Table 2. no
significant changes were observed between the hemody-
namic factors before treatment in both groups consider-
ing systolic blood pressure, pulse rate, pulmonary artery
blood pressure, tricuspid regurgitation gradient, right
ventricular size and right ventricular failure measured by
echocardiography (Table 2).

According to Table 3, the comparison of the hemody-
namic factors after 48 hours of treatment in patients with
SMPTE showed no significant differences between the two
groups regarding systolic blood pressure, pulse rate, pul-
monary artery blood pressure, tricuspid regurgitation gra-
dient, right ventricular size and right ventricular failure.

Hemodynamic factors were measured before treat-
ment, and then compared with these variables measured
after treatment in the two groups. As shown in Table 4,
in patients who received thrombolytic therapy, pulse rates
before, and at 48 hours of treatments were 93.80 ± 17.12
and 83.73 ± 19.85 respectively (P<0.001), and this trend
showed that the pulse rate significantly decreased and fi-
nally reached the normal level. Pulmonary artery pressure
had altered to a great extend before treatment if compared
with 48 hours after treatment; (73.75 ± 22.27 before treat-
ment vs. 48.75± 22.50 after treatment) (P = 0.01). Tricuspid
gradient (TRG) reduced at 48 hours in comparison with ini-
tial TRG (51.40 ± 15.56 before treatment vs. 39.80 ± 24.39
after treatment) (P = 0.001).

There were no significant differences before and af-
ter treatment in systolic blood pressure (P =0.4), diastolic
blood pressure (DBP) (P = 0.5), systolic arterial pressure
(SPAP) (P = 0.1), RV function (P = 0.1) and RV size (P = 0.1).
In the patients who received a non-thrombolytic therapy,
there were no significant differences between the groups
regarding SBP (P = 0.2), DBP (P = 0.4) and PR (P = 0.1), SPAP
(P = 0.6), TRG (P = 0.4), RV function (P = 0.4) and RV size (P
= 0.2) before and after treatment. All the data are depicted
in Table 4.

4.6. Mortality and Thromboemboli

Totally, 28 (23.6%) death was observed that 14 of the
cases (25%) received thrombolytic therapy (HT group) and
14 cases (20.6%) were in the HWT group (P = 0.1).

5. Discussion

At present there is less controversy over using throm-
bolytic in patients with massive pulmonary emboli
(MPTE), but benefit of using thrombolytic in patients with
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Table 1. Demographic Data and the Clinical Results in Patients with and Without Thrombolytic Therapya

Variable HWT (n = 65) HT (n = 54) P Value

Female 29 (44.4) 30 (55.8) .9

Male 36 (55.6) 24 (44.2)

Age 55.03±18.06 50.90 ± 18.15 .2

Symptoms

Dyspnea 55 (87.3) 47 (90.4) .6

Chest pain 19 (39.2) 19 (36.5) .4

Coughing 11 (17.5) 6 (11.5) .3

Syncope 5 (7.9) 9 (17.3) .1

Hemoptysis 6 (9.5) 4 (7.7) .7

Signs

Tachycardia 28 (44.4) 31 (59.6) .1

Tachypnea 19 (30.2) 19 (36.5) .4

Hypotension 9 (14.3) 13 (25) .1

Hypertension 10 (15.9) 5 (9.6) .3

aData are presented as No. (%) or mean ± SD.

Table 2. The Comparison of the Hemodynamic and Echocardiographic Factors Between the Two Groups Before Treatments

Evaluated Findings HWT (n = 65) HT (n = 54) P Value

Systolic blood pressure 127.87 ± 25.22 119.27 ± 31.60 .16

Diastolic blood pressure 78.92 ± 13.23 78.59 ± 13.23 .47

Pulse 93.17 ± 22.99 93.80 ± 17.12 .24

SPAP 74.41 ± 29.680 73.75 ± 22.27 .34

TRG 42.00 ± 30.296 51.40 ± 15.56 .72

Abbreviations: SPAP, systolic pulmonary artery pressure; TRG, tricuspid regurgitation gradient.

Table 3. The Comparison of the Hemodynamic and Echocardiographic Factors Between the Two Groups 48 Hours After the Treatments

Evaluated Findings HWT (n = 65) HT (n = 54) P Value

Systolic blood pressure 116.19 ± 20.07 120.45 ± 12.12 .23

Diastolic blood pressure 72.00 ± 16.18 75.17 ± 13.71 .53

Pulse 89.67 ± 16.179 83.73 ± 19.85 .93

SPAP 69.57 ± 22.127 48.75 ± 22.50 .12

TRG 35.71 ± 19.337 39.80 ± 24.39 .64

Abbreviations: SPAP: systolic pulmonary artery pressure; TRG: tricuspid regurgitation gradient.

sub-massive pulmonary thromboemboli (SMPTE) is not
known. The current study tried to answer this question
and define epidemiological and clinical presentations of
the patients with pulmonary emboli in Iran. The study
specially focused on treatments of SMPTE to define the

effect of thrombolytic therapy and heparin on patients
with SMPTE.Among 80134 patients admitted in five years
from 2008, 345 patients were found with diagnosis of
pulmonary thromboemboli (PTE). The prevalence of PTE
in the tertiary center, (Rajaei medical and research center)

4 Res Cardiovasc Med. 2016; 5(3):e29638.

http://ijpsychiatrybs.com


Sadeghi HA et al.

Table 4. The Comparison of Echocardiographic and Hemodynamic Parameters 48 Hours Before and After Treatments

Groups Evaluated Findings Before Treatment 48 Hours After the Treatment P Value

HWT

SBP 127.87 ± 25.22 116.19 ± 20.07 .2

DBP 78.92 ± 13.23 72.00 ± 16.18 .4

PR 93.17 ± 22.99 89.67 ± 16.179 .1

SPAP 74.41 ± 29.680 69.57 ± 22.127 .6

TRG 42.00 ± 30.296 35.71 ± 19.337 .4

HT

SBP 119.27 ± 31.60 120.45 ± 12.12 .4

DBP 78.59 ± 13.23 75.17 ± 13.71 .5

PR 93.80 ± 17.12 83.73 ± 19.85 .001

SPAP 73.75 ± 22.27 48.75 ± 22.50 .01

TRG 51.40 ± 15.56 39.80 ± 24.39 .001

Abbreviations: DBP: diastolic blood pressure; PR: pulse rate; SBP: systolic blood pressure; SPAP: systolic pulmonary artery pressure; TRG: tricuspid regurgitation gradient.

was estimated 43 cases out of 10000 hospitalized patients
and the rate of SMPTE was 15 cases out of 10000. An ICPER
study showed that the rate of massive thromboembolism
is 4.5% (12), which demonstrated the incidence of an 80%
increase in pulmonary emboli from 1998 to 2006 utilizing
pulmonary angiography. In the last guideline it is esti-
mated that the thromboembolism occurs in 300000 to
650000 panties in US each year (13, 14).In the current inves-
tigation, the prevalence of MPTE in hospitalized patients
was approximately the same as other studies (3.8%). But
the prevalence of MPTE would be higher if SMPTE is con-
sidered as MPTE. In the present study 45% of the patients
with SMPTE received thrombolytic therapy (streptokinase)
and 55% of SMPTE patients received non-thrombolytic
therapy (unfractionated heparin). There are two reasons
to explain this difference: firstly the hospital was a tertiary
center and received more severe cases from other hospi-
tals, and secondly, as already mentioned a wider range of
patients with PTE and right ventricular dysfunction were
included (decreased velocity of the right ventricle or right
ventricle failure which their emboli is diagnosed by other
diagnostic tests) as SMPTE in the study. In the current
study, according to the guideline (15), the incidence of
thromboemboli was similar in both genders. Another
study showed that the incidence of thromboembolism for
the second time is more in males than females (13). Stein
showed that the incidence of thromboembolism in fe-
males over 50 years old was higher than the females below
50 (13). Although there are studies that show significant
relationship between age and the incidence of thrombotic
therapy usage, the current study did not demonstrated it.

Naess et al. showed that the rate of thrombolytic therapy
will rise by age increase(14) . The present study compared
the hemodynamic indices at two time intervals (0 and 48
hours later) and it was found that the pulmonary arterial
pressure reduced significantly with thrombolytic therapy.
Therefore it was hypothesized that thrombolytic therapy
will stabilize the hemodynamic status. Richard et al.
showed the increase in blood flow and improvements in
hemodynamic function 24 hours after the treatment in
patients with massive thromboemboli receiving uroki-
nase compared to the patients receiving heparin and
urokinase, but no significant difference was found in lung
scan on the day seven, fourteen and three or six months
after treatments in comparison with the two groups (16).
The present study showed that, in patients receiving
thrombolytic therapy, pulmonary artery pressure altered
to a great extend before treatment if compared with that
of 48 hours after treatment (P = 0.01). Tricuspid gradient
(TRG) reduced at 48 hours in comparison with initial TRG
(P=0.001). No significant differences were observed before
and after treatment in systolic blood pressure (P = 0.4),
diastolic blood pressure (DBP) (P = 0.5), systolic arterial
pressure (SPAP) (P = 0.1), RV function (P = 0.1) and RV size (P
= 0.1). Another study showed significant improvement in
lung scan flow in only the first 24 hours of the treatment
in the first group (receiving heparin and thrombolytic) in
comparison to the second group (only heparin); however,
after 24 hours of the treatments no significant differences
were found between the two groups (17). Levine et al.
showed that most of the improvement in lung scan was
observed in patients receiving thrombolytic treatment
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(37%) in comparison to the group receiving heparin in the
first 24 hours of the treatment and no significant differ-
ences were observed in the clot resolution and perfusion
improvements in seven and thirty days after treatments
in the two groups (18). Wiener et al. in 2013 showed a
decrease in death rate due to thromboemboli (12.5 to
11.9 in each 100000 cases) (12). These results are most
likely due to an increase in thromboembolic diagnostic
power and sensitivity of the computed tomography (CT)
angiography in recent years and quick treatments and
finally less morbidity and mortality. The present study
showed 28 deaths out of 119 cases receiving thrombolytic
therapy (HT group) and 14 cases were in the HWT group
(P = 0.1). A systematic review and meta-analysis of nine
randomized controlled trial comparing fibrinolyticagents
versus intravenous heparin in a total of 461 patients with
acute pulmonary embolism found that fibrinolytic ther-
apy had no significant effect on mortality (19). A clinical
trial by Dalla-Volta et al.comparing the alteplase combined
with heparin versus heparin, showed that the mortality
rate in the two groups of study were nearly the same
(20) although in a study by Stein et al. treatments with
thrombolytic therapy in patients with massive throm-
boemboli were accompanied by unstable hemodynamic
status even in old cases (60 years or more) who have
concomitant disease but have no contradiction in patients
receiving thrombolytic therapy and the results showed
that LMWH administration in qualified patients with deep
vein thrombosis is as effective as intravenous heparin
administration. The cases receiving thrombolytic therapy
had less hospitalized mortality rate than the group who
received non thrombolytic therapy (21). Theoretically,
thrombolytic therapy will dissolve dangerous clots in
pulmonary blood vessels and reduce the size of occlusion,
but the current investigation, similar to the other studies,
showed less but non-significant mortality in patients
receiving thrombolytic therapy. The present study showed
that the most prevalent risk factors were previous throm-
boembolism, cardiac diseases, fractures and deep vein
thrombosis observed in 13%, 9.6%, 8.7%, and 7.8% of the
patients, respectively. To date, this is the largest and most
comprehensive clinical study that evaluated risk factors
for recurrent VTE in patients with unprovoked proximal
DVT or PE. According to the emergency condition of the
patients with massive pulmonary emboli, management
of hemodynamic dilemma, oxygenation and resolution
of clot need a multidisciplinary of interventional and
pharmacological approaches, and a rapid and correct
concern of risk and treatment plan should be recognized.
Fibrinolysis, catheter intervention, and ongoing cooper-
ation with cardiac surgeons are providentially tools that
will aid specialists exploit the probability of absolute re-

vival for such awfully ill patients (22-24). Improvement in
knowledge of managing the pulmonary emboli, especially
in more severe cases (MPTE and SMPTE) helps to reduce
mortality and morbidity of such patients. But considering
the study design and methodology, there would probably
be a random error that led to the conclusion that patients
in HT group had benefited from treatment. It is because of
this reality that putting patients in HWT group by primary
physicians might be due to better clinical condition of
the patients in comparison to the ones receiving throm-
bolytic in addition to heparin (HT) and there were no
randomization at that time.

5.1. Conclusion

Thrombolytic therapy in patients with sub-massive
thromboemboli will lead to improvement in echocardio-
graphic and hemodynamic status in comparison to the pa-
tients receiving non thrombolytic therapy; however, no ef-
fect on mortality rate was observed. Further prospective
studies are needed to define status of thrombolytic ther-
apy on patients with sub massive pulmonary emboli more
precisely.

5.2. Limitation

It was a retrospective study and there are some lim-
itations in such studies. Physicians had treated patients
based on their own experience, and authors had no role in
allocation of patients into two groups.
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