
24 The Journal  July/August 2023                                                                                                                                                                                       www.pswi.org

Writing Club
MEDICAL COLLEGE OF WISCONSIN SCHOOL OF PHARMACY STUDENT WRITING CLUB:

Thrombolytics for Pulmonary Embolisms: A 
Narrative Review 
by Sage L. Orlowski, 2025 PharmD Candidate, Soriene N. Ozcan, 2025 PharmD Candidate, Katherine M. Bush, 2024 PharmD Candidate

Review Article

A pproximately 60,000-
100,000 deaths each year in 
the United States are caused 
by pulmonary embolisms.1 
Pulmonary embolism (PE) 

is a type of venous thromboembolism 
(VTE) where the pulmonary artery, or its 
smaller connecting arteries, is blocked.2 The 
problematic blockage can be made up of 
air, fat, tumor, or thrombus. Many cases of 
PE are a severe development of deep vein 
thrombosis (DVT) where the pulmonary 
vein is blocked by a thrombus that detached 
from another area of the body.2 There are 
various sub-types of PE based upon stability, 
risk, and/or location of the blockage. 

Stability can be broken down into 
massive and sub-massive, with massive 
having the highest risk of mortality. Massive 
PE can be defined as PE resulting in a 
systolic blood pressure of <90 mmHg.3 
Only approximately 50% of patients with 
massive PE survive over 90 days despite 
treatment.3 

Pulmonary embolisms are also classified 
as high risk, intermediate risk, or low risk. 
High-risk patients are hemodynamically 
unstable and have myocardial injury and 
right ventricular damage.4 Intermediate-
risk patients are hemodynamically stable 
but symptomatic and may have myocardial 
injury or right ventricular damage.4 
Treatment is based on which risk level the 
patient falls into. 

Blockage(s) can occur in many different 
locations in pulmonary vessels. Saddle PE 
occurs as a PE that straddles a bifurcation, 
most commonly the main pulmonary 
trunk bifurcating to the left and right 
pulmonary arteries.3,5 Lobar, segmental, and 
subsegmental PE occur in the branches of 
the main pulmonary artery, with lobar PE 
occurring in the larger branches directly 
bifurcating from the main pulmonary 
artery, and segmental and subsegmental PE 
in the increasingly smaller branches.6 The 
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occlusion of the arteries can cause impaired 
gas exchange and prevent circulation.2 
Clinical presentation of PE may include 
hypotension, dyspnea, syncope, hypoxemia, 
tachycardia, and sudden death. Without 
prompt detection and treatment, PE can 
significantly affect morbidity and mortality. 

Prophylaxis
As with many diseases, the greatest 

hope of reducing morbidity and mortality 
is in preventing PE before it occurs. Since 
many PEs result from a thrombus detaching 
and embolizing in a patient with DVT, 
much of PE prophylaxis is centered on 
reducing this occurrence. In hospitalized 
patients with a low risk of thrombosis, 
the American College of Chest Physicians 
(CHEST)’s Evidence-Based Clinical 
Guidelines eighth edition recommends that 
acutely ill, hospitalized patients with an 
increased risk of thrombosis be administered 
anticoagulant thromboprophylaxis such as 
low-molecular weight heparin (LMWH), 
low-dose unfractionated heparin (UFH), 
or fondaparinux.7 They also recommend 
that acutely ill or critically ill, hospitalized 
patients with an increased risk of bleeding 

or who are actively bleeding and have 
an increased risk of thrombosis should 
receive mechanical thromboprophylaxis 
such as graduated compression 
stockings or intermittent pneumatic 
compression as opposed to anticoagulant 
thromboprophylaxis. Once the risk 
of bleeding subsides, pharmacological 
thromboprophylaxis should then 
be used in place of the mechanical 
thromboprophylaxis. After the initial 
anticoagulant prophylaxis, the duration 
of pharmacological prophylaxis should be 
extended including when the patient leaves 
the hospital. 

The risk of a DVT, PE, or VTE 
emergency can increase based on a variety 
of risk factors including recent surgery, 
advanced age, estrogen use, severe obesity, 
and pregnancy. Patients with risk factors 
should take additional precautions when 
traveling long distances or flying. 

For an initial pulmonary embolism, 
prophylactic anticoagulation is chosen 
based on risk factors, in addition to 
respiratory and hemodynamic support. 
These risk factors include but are not 
limited to: age greater than 65, chronic 
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conditions, cancer, previous stroke, recent 
falls, recent surgery, and alcohol use.8 
Goals of pulmonary embolism therapy 
are to prevent the clot from becoming 
more prominent, prevent recurrent blood 
clot formation, and prevent long-term 
complications. Oral anticoagulants are used 
for prophylaxis in high-risk patients and 
for long-term management of pulmonary 
emboli. Commonly used anticoagulants in 
management of patients with a diagnosed 
pulmonary embolism are included as 
oral medications, low molecular heparin 
injections, fondaparinux, and heparin. An 
independent analysis of clinical trials in 
elective surgeries has shown a reduction 
of 60% to 70% in the incidence of fatal 
pulmonary embolisms in heparin-treated 
patients compared to placebo patients.9

Treatment
Management of an initial pulmonary 

embolism diagnosis may include respiratory 
support, hemodynamic support (including 
intravenous fluid administration), and use 
of vasopressors such as norepinephrine 
or dobutamine.10 Current pulmonary 
embolism treatments include thrombolytic 
therapy, embolectomy, and placing a filter in 
one of the major blood vessels, such as the 
vena cava.11

In severe cases of life-threatening 
pulmonary embolisms, thrombolytic 
therapy may be suggested. Thrombolytic 
therapy is reserved for patients with severe 
complications due to pulmonary embolism 
and with minimal risk of serious bleeding 
as a side effect of the therapy.12 Response 
to thrombolytic therapy is best when there 
is a short time between the diagnosis of 
pulmonary embolism and the start of the 
thrombolytic agents.13 Thrombolytic agents 
activate plasminogen to form plasmin, 
which accelerates the breakdown of the 
emboli. First generation thrombolytics 
include urokinase and streptokinase; second 
generation thrombolytics include alteplase 
(tPA); and third generation thrombolytics 
include aretenecteplese and reteplase (Figure 
2).

Another pulmonary embolism treatment 
option is embolectomy. Embolectomy is the 
removal of pulmonary embolism from the 
lungs. It may be performed using catheters 
placed in the blood vessels containing the 
clot. This procedure can be considered if 
the patient develops a massive pulmonary 

embolism within two months of having 
craniotomy or spinal surgery and for 
patients with intracranial hemorrhage.14

An inferior vena cava filter is a device 
that blocks the circulation of clots in the 
bloodstream, especially the movement 
from the legs to the lungs. It is placed 
in the inferior vena cava with a catheter 
inserted into a vein in the groin area and 
threaded throughout the blood vessels.15 
This treatment can be used for patients who 
cannot use anticoagulants due to recent 
surgery, stroke, or significant bleeding in any 
bodily area. However, when appropriate, an 
inferior vena cava filter is often used along 
with other prophylactic and management 
strategies, such as anticoagulation use, 
thrombolysis, and embolectomy.16

Tissue plasminogen activator (tPA) 
is a natural fibrinolytic agent found 
in endothelial cells that demonstrates 
fibrin affinity and specificity. The goal 
of thrombolytic therapy is to convert 
plasminogen into plasmin, via direct or 
indirect mechanisms, which results in clot 
dissolution.16,17 The direct plasminogen 
activators (urokinase, tPA, reteplase, and 
tenecteplase) are serine proteases that have 
a direct action on plasminogen, which 
catalyzes its activation. On the other hand, 
indirect plasminogen activators (e.g., 
streptokinase), lack enzymatic activity on 
their own, and instead form a 1:1 complex 
with plasmin or plasminogen. This complex 
activates the plasminogen molecules present 
in circulation.18,19 Adivitiya, Khasa YP offers 
more detail about the fibrin pathway.19

Thrombolytic therapy has been shown to 
improve oxygenation, perfusion, pulmonary 
artery pressure, and echocardiographic 
assessment. These improvements lead 
to a relief in symptoms, prevention of 
recurrent PE, and a reduction in mortality.20 
However, these benefits do not necessarily 
outweigh a patient’s risk of bleeding, and, 
unfortunately, there is not a validated tool 
that can be used to predict the bleed risk in 
patients undergoing thrombolytic therapy; 
only to identify risk factors.20 As a result, 
thrombolytic therapy choice depends on 
many factors, including but not limited 
to cost, stability, half-life, side effects or 
tolerability, specificity toward fibrin, and 
immunogenicity.18 Consequently, there 
is a lasting push to develop innovative 
medications at a lower cost to address these 
factors.17 

First-Generation Agents
The first-generation plasminogen 

activators, namely urokinase and 
streptokinase, work not only by activating 
free circulatory plasminogen to plasmin, 
but also by degrading fibrinogen and 
other clotting factors. The addition of 
plasminogen activators results in the 
degradation of the α2-antiplasmin, which 
under normal conditions would inhibit free 
plasmin, resulting in a systemic fibrinolytic 
state leading to bleeding complications.18 
Although streptokinase is typically preferred 
over other thrombolytic agents from a 
cost perspective, it unfortunately has more 
associated adverse effects, including allergic 
reactions and hypotension, and is no longer 
commercially available in the United States. 
Furthermore, streptokinase has an antigenic 
structure, meaning it is recognized by the 
immune system and can trigger an immune 
response leading to an allergic reaction, and 
it is not able to be safely re-administered for 
at least six months.16 

Alteplase, a second-generation 
plasminogen activator, on the other hand, is 
not antigenic, and therefore is infrequently 
associated with any allergic manifestations.16 
Second-generation plasminogen activators 
also differ from the first-generation 
plasminogen activators via targeted 
thrombolysis opposed to non-specific fibrin 
degradation. Non-specific fibrin degradation 
causes systemic fibrinolysis and leads to 
hemorrhage.17 

Third-generation plasminogen activators, 
such as tenecteplase and reteplase, have 
been engineered to improve some of the 
functional and structural properties, such as 
longer half-life, enhanced fibrin specificity, 
improved safety and efficacy, and resistance 
to inhibitors.17 

 Tenecteplase and reteplase are both 
approved for treatment of acute coronary 
syndromes but have ongoing trials 
evaluating their use in PE.18,20

Fibrin-specific agents require the 
presence of fibrin for the conversion of 
plasminogen into plasmin. Some agents, 
such as alteplase, reteplase, and tenecteplase, 
can convert plasminogen into plasmin in 
the absence of fibrin, but on a minimal 
scale. The fibrin-specific agents have longer 
half-lives, allowing for bolus administration, 
and do not hold the risk of allergic reactions 
commonly associated with first-generation 
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thrombolytic agents. Non-fibrin specific 
agents do not require fibrin presence for the 
conversion of plasminogen into plasmin.16 
Streptokinase, urokinase, and alteplase are 
the only thrombolytic agents that are FDA-
approved for use in PE. Of these agents, 
alteplase is the only one commercially 
available in the United States (Figure 1).  
Fibrin specific thrombolytics are alteplase, 
reteplase, tenecteplase, and non-fibrin 
specific thrombolytics are streptokinase, 
antistreplase, and urokinase (Figure 2).

Alteplase
Alteplase is a tissue plasminogen 

activator indicated for use in pulmonary 
embolism. Alteplase is administered using 
intravenous infusion using a peripheral 
vein. The dose for acute massive pulmonary 
embolism is 100 mg administered 
intravenously for 2 hours once (Table 
1). Bolus dosing of alteplase has been 
investigated in the setting of pulmonary 
embolism with cardiac arrest, but it is not 
considered an FDA-approved indication 
of use and is typically reserved for case-by-
case assessment when PE is thought to be 
the cause of the arrest.21 Side effects from 
alteplase are signs of bleeding like blood 
in vomit or vomit that looks like coffee 
grounds, skin discoloration, chest pain, 
severe dizziness, severe headache, vision 
changes, muscle pain, severe abdominal 
pain, back pain, nausea, dark urine, 
vomiting and catheter site pain or irritation. 
Adverse reactions of alteplase include 
primarily cardiovascular hemorrhages 
but are not limited to dermatologic, 
gastrointestinal, and genitourinary 
hemorrhages.22

Reteplase
Reteplase is a tissue plasminogen 

activator used off-label for treatment of 
pulmonary embolisms. Reteplase treatment 
is initially given as 10 units intravenously 
over 2 minutes, then followed by a 
second dose 30 minutes later of 10 units 
intravenously over 2 minutes (Table 1). 
Some of the side effects that can occur 
due to reteplase are vomiting, nausea, 
abdominal pain, dark urine, muscle pain, 
vision changes, chest pain, dizziness, severe 
headache, changes in urine output, skin 
discoloration, and weakness on one side of 
the body. Some of the adverse effects from 
reteplase are bleeding at injection site, and 

gastrointestinal, oncologic, and hematologic 
hemorrhage.23

Tenecteplase
Tenecteplase is a tissue plasminogen 

activator and used for pulmonary embolism 
off-label. Tenecteplase is dosed with 
weight-based dosing and administered as a 
bolus dose over five to ten seconds (Table 
1). Some side effects with tenecteplase are 
vomiting, nausea, severe abdominal pain, 
dark urine, muscle pain, vision changes, 
chest pain, dizziness, severe headache, 
changes in urine output, skin discoloration, 
and weakness in one side of the body. 
Tenecteplase has possible adverse reactions 
of hematologic, oncologic, cardiovascular, 
dermatologic, gastrointestinal, 
genitourinary, respiratory, and local 
hemorrhages.24

Streptokinase
Streptokinase is a thrombolytic drug 

that is derived from various streptococci. 
Streptokinase is a fibrinolytic agent that 

has been used worldwide due to low cost 
and good efficacy and safety. Streptokinase 
is used in treating pulmonary embolism 
and initially given as 250,000 units 
intravenously infused over 30 minutes 
(Table 1).25 This dose is followed by infusion 
of a maintenance dose of 100,000 units 
every hour for 24-72 hours. With this 
treatment, since thrombolytic activity 
rapidly fades when infusion has stopped, 
streptokinase treatment is generally followed 
by 3-4 hours of intravenous heparin 
treatment and then oral anticoagulants to 
prevent re-occlusion. The adverse effects of 
streptokinase are hemorrhage, rash, fever, 
nausea, vomiting, and abdominal and back 
pain.26,27 

Urokinase
Urokinase is a thrombolytic agent that 

is produced by human neonatal kidney 
cells and is found in urine. It converts 
plasminogen into its active form, plasmin, 
which results in fibrinolysis. Kinlytic™ 
(urokinase for injection) is administered 

FIGURE 1.  Therapeutic Agents for Thrombolytics

FIGURE 2.  Different Generations of Thrombolytics 
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intravenously with a loading dose of 
4,400 international units per kilogram 
and given at the rate of 90 ml per hour 
over a period of 10 minutes. This loading 
dose is followed with continuous infusion 
of 4,400 units per kilogram at the rate of 
15 mL for 12 hours (Table 1). The most 
common adverse reaction from Kinlytic™ 
(urokinase for injection) is bleeding. 
In a study, it was found that significant 
bleeding events requiring transfusion of 
greater than 2 units of blood were observed 
during the 14-day study period in 3 of 141 
urokinase-treated patients with multiple 
bleeding events occurring in an individual 
patient. Most bleeding occurred at sites of 
external incisions and vascular puncture, 
with lesser frequency in gastrointestinal, 
genitourinary, intracranial, retroperitoneal, 
and intramuscular sites.28 Other adverse 
reactions that can occur with Kinlytic™ 
(urokinase for injection) are myocardial 
infarction, recurrent pulmonary embolism, 
hemiplegia, stroke, decreased hematocrit, 
substernal pain, thrombocytopenia, and 

TABLE 1.  Thrombolytic Treatments Used for Pulmonary Embolism

Medication
FDA Approval Status 

for Pulmonary 
Embolism

Dosage How Medication Works Teaching Points 

alteplase Approved 
100 mg intravenously infused over 
2 hours 

Recombinant plasminogen 
activator.

Not antigenic therefore it is 
not associated with any allergic 
reactions 

reteplase Not Approved

10 units intravenously over 2 
minutes, then followed by another10 
unit dose over 2 minutes occuring30 
minutes after the first dose 

Recombinant plasminogen 
activator, and it catalyzes 
the cleavage of endogenous 
plasminogen to generate 
plasmin.

Can cause hypersensitivity and it 
can increase the risk of bleeding.
Heparin and Retavase are 
incompatible and cannot be 
administer at the same time.

tenecteplase Not Approved

Weight based dosing followed as:
• Weight less then 60 kg: 30 mg 

single intravenous bolus 
• Weight between 60-70 kg: 35 mg 

single intravenous bolus 
• Weight between 70-80 kg: 40 mg 

single intravenous bolus 
• Weight between 80-90 kg: 45 mg 

single intravenous bolus dose 
• Weight over 90 kg: 50 mg single 

intravenous bolus 

Recombinant plasminogen 
activator and has higher fibrin 
specificity with longer half-life 
with final clearance. 

Lacks antigenicity and is more 
comfortable to administer 
compared to some other agents.

streptokinase Approved
250,000 units intravenously over 30 
minutes

When it binds to free floating 
plasminogen, it forms a 
complex that converts 
additional plasminogen to 
active plasmin.

Re-administration of streptokinase 
within 6 months is not considered 
safe due to high antigenicity 
and associated antistreptococcal 
antibody titer. 

urokinase Approved

Initial dose is 4,400 IU/kg 
intravenously 90 ml per hour rate for 
10 minutes then followed by 4,400 
IU/kg intravenously 15 ml per hour 
for 12 hours. 

Physiologic thrombolytic 
produced by kidney and 
purified from human urine. 
Kinlytic directly converts 
plasminogen into plasmin.

Low antigenicity, and it can allow 
for more repeated dosing without 
any allergenic issues.

diaphoresis.29,30 

Conclusion
Pulmonary embolisms can significantly 

affect morbidity and mortality. The use of 
anticoagulants, thrombolytics, as well as new 
pharmacological advances can significantly 
improve patients' chances of survival and 
quality of life. The use of thrombolytics 
in patients with pulmonary embolisms is 
rapidly advancing and, in some cases, can 
be lifesaving, but there are several patient-
specific factors and adverse effects that 
must be considered with each case, which 
may potentially lead to hesitancy when 
considering thrombolytic agents. Adverse 
side effects of using any thrombolytic 
agent are similar across the board, which 
include but are not limited to bleeding and 
allergic reactions. In thrombolytic agents, 
streptokinase causes the most allergic 
reactions; therefore, efficacy may be limited 
for some patients. Urokinase causes more 
cases of increased bleeding than other 
agents. Future generations of thrombolytic 

agents hope to address many of the adverse 
effects along with an increase in the efficacy 
of the agents in the treatment of pulmonary 
embolisms. 
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