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Introduction
The outcome of acute pulmonary embolism (PE) can vary 
from a low-risk disease to a fatal disease. The mortality rate 
associated with PE in different studies varies depending 
on the initial clinical manifestations and the severity of the 
underlying pulmonary embolism. It has been shown that 
the in-hospital mortality of acute pulmonary embolism is 
about 12.7%, and the one-year mortality is 24.3%.1

In patients with unstable hemodynamics, removing 
the clot from the pulmonary arteries is very effective 
in preventing the worsening of the patient’s condition. 
Thrombolytic therapy is recommended in patients with 
hemodynamic instability and severe right ventricular 
strain. There is also a general agreement that pulmonary 
embolism, which disturbs the patient’s hemodynamics 
and causes a pressure drop, should be treated aggressively 
using fibrinolytic therapy or, in special cases, with surgical 
embolectomy.

The Prognosis of Saddle Pulmonary Embolism
In a study, Hajizadeh et al showed that out of 36 patients 

who underwent surgical embolectomy, 10 patients (27.8%) 
died during the operation due to cardiopulmonary 
abnormalities before surgery (3 cases) and hemodynamic 
instability resulting in severe shock (2 cases). The mortality 
rate of surgical embolectomy was 27.7%. After excluding 
the above-mentioned 5 cases, the death rate decreased to 
16.1%. Prolonged cardiopulmonary resuscitation (CPR), 
cardiogenic shock, and resultant ischemic state can lead to 
irreversible cardiac and hemodynamic conditions.2

Meanwhile, pulmonary embolism presenting a 
moderate risk of mortality continues to pose clinical 
challenges. Typically, these patients maintain normal 
blood pressure levels but may exhibit decreased oxygen 
saturation or present with an enlarged right ventricle. 
Given their compromised total lung capacity, even 
minimal increases in embolic burden can precipitate 
hemodynamic instability. The prognostic significance 
of saddle pulmonary embolism (SPE), along with its 
management and patient outcomes, remains an area 
requiring further elucidation.

SPE, a type of thromboembolism, is diagnosed by CT 
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Abstract
Background: A saddle pulmonary embolism (SPE) occurs when a blood clot blocks the main 
pulmonary artery or extends into both main pulmonary arteries. SPE is considered a non-fatal 
disease in some articles; however, recent research suggests that it could be a life-threatening 
condition. Treatment of patients with heparin or fibrinolytics depends on the prognostic 
evaluation of patients. This review study was conducted to address the controversy between 
different articles.
Methods: In this review, international databases, including PubMed, Scopus, and Web of 
Science, were searched for relevant studies. Finally, related articles were selected and included 
in the study using titles and abstracts.
Results: Based on the results, a total of 13 articles had prognostic evaluations for SPE. Among 
these articles, 5 articles suggested that SPE did not increase patient mortality, 5 articles suggested 
SPE as a prognostic factor for adverse events including higher mortality, and 3 articles did not 
show higher short-term mortality but reported some adverse events. Additionally, 9 articles were 
selected for new treatments. This review revealed a significant controversy between articles, 
indicating that further investigations should be conducted in this area, focusing on the size of the 
clot, its extension, and the comorbidities of patients.
Conclusion: It appears that hemodynamic changes on admission and during hospitalization are 
more important than the pure diagnosis of SPE in predicting patients’ outcomes.
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angiography of the pulmonary vessels. It is characterized 
by a visible clot in the bifurcation of the trunk of the 
main pulmonary artery, which may extend to its right 
or left branch.3-5 SPE has been reported in 3% to 5% of 
patients who undergo computed tomography pulmonary 
angiography (CTPA) and in 15% of patients who undergo 
transesophageal echocardiography with a definitive 
diagnosis of pulmonary embolism. Sometimes, in patients 
who are hemodynamically unstable and die before 
the diagnostic procedure is performed, the disease is 
confirmed at autopsy.6-8

While some studies recommend invasive treatment 
such as surgical embolectomy for patients with SPE, other 
studies have shown that invasive methods may not be 
useful and could increase the risk of complications and 
prolong hospitalization.

Sardi et al demonstrated that most patients with SPE 
have stable hemodynamics and respond well to standard 
treatment with unfractionated heparin, without the 
need for invasive procedures.9 In a case report, Biggs et 
al successfully treated a patient with COVID-19, deep 
vein thrombosis, SPE, and concomitant right ventricular 
enlargement with intravenous anticoagulants and non-
invasive treatment.10

As mentioned earlier, the most important predictors 
of mortality and complications in patients with massive 
pulmonary embolism are hemodynamic instability and 
resistant hypotension.11 Resistant hypotension, defined 
as a systolic blood pressure less than 90 mm Hg after 
proper treatment, can increase the 90-day mortality rate 
of patients with pulmonary embolism by 52.4%. On the 
other hand, right ventricular (RV) dysfunction has been 
shown to be an important predictor of adverse events in 
normotensive patients.12 Therefore, excluding high-risk 
patients, especially those who die soon after admission, 
can significantly change the results.

In the study conducted by Ibrahim et al, 73 patients (16.9% 
of all patients diagnosed with pulmonary embolism) had 
SPE. This study showed that compared to other patients 
with non-SPE, patients with SPE had significantly more 
tachycardia, a greater need for admission to the intensive 
care unit (ICU), and were more prone to hypotension and 
cardiac arrest after hospitalization. Despite these findings, 
hypoxia, hypotension, and mortality rates were the same in 
both groups. Overall, this study showed that patients with 
SPE are prone to more adverse cardiovascular events.13

Although many experts believe that the presence 
of massive embolism in CTPA, defined as 50% of 
the pulmonary vessels being occupied by a clot, is an 
indication for aggressive treatment, the exact mortality 
rate of these patients is still a matter of debate.14

Jia et al studied 727 patients with acute pulmonary 
embolism who did not meet the high-risk criteria for 30 
days. This study showed that patients with embolism in 
the main pulmonary artery who did not have SPE were at 
higher risk of hemodynamic deterioration, while patients 
with SPE were not. Finally, they concluded that low-risk 

patients with SPE were not at a higher risk of worsening 
hemodynamic conditions.15

Ryu et al demonstrated that patients with SPE are 
not necessarily at a higher risk of death and disease 
complications compared to other patients.6 Kaczyńska et 
al found that patients treated with SPE do not experience 
adverse clinical outcomes, and there are likely no long-
term concerns about their health 16. Alkinj et al discovered 
that while patients with SPE may experience a higher 
degree of hemodynamic instability and require aggressive 
treatment, their prognosis is not worse compared to other 
patients, with a low in-hospital mortality rate.17

Conversely, a study by Yusuf et al revealed that although 
patients with SPE do not have a worse short-term prognosis, 
they do have a higher mortality rate after one year.18

In patients presenting with shock, the majority of deaths 
occur within the first hour of hospitalization.19 Some 
patients do not seek medical attention in the early stages 
of symptoms, often mistaking them for common colds or 
panic attacks, which delays their referral to cardiologists 
or lung disease experts. A study showed that 26% of 
patients with SPE were diagnosed more than 6 hours after 
hospitalization, indicating a continued delay in diagnosis 
despite admission to appropriate centers.20

In the study conducted by Wong et al,21 120 patients 
with SPE were examined, with only 4.2% showing 
symptoms indicative of massive embolism upon initial 
examination. The study reported an in-hospital mortality 
rate of 9.2% and a mortality rate of 8.6% within 6 months 
after discharge, with higher mortality rates observed in 
women. The study suggested that SPE is a significant risk 
factor for patient mortality and that stable hemodynamics 
on admission do not guarantee a low mortality rate in 
the following days. Simultaneous embolism in segmental 
pulmonary arteries and deep vein thrombosis can 
also significantly impact disease outcomes. The study 
conducted by Wong et al demonstrated that central 
pulmonary embolism, including the main pulmonary 
artery or left/right pulmonary arteries, was an independent 
predictor of adverse outcomes.21

Ghanima et al proposed that the location of the clot in 
the proximal part of the pulmonary artery is a valuable 
prognostic factor.19 Kwak et al showed that cases of SPE 
had lower short-term mortality but higher rates of adverse 
events and were more likely to receive fibrinolytic therapy.22

Prentice et al conducted a study on 475 patients, 4.5% of 
whom had cancer and pulmonary embolism, and SPE was 
associated with a higher risk of mortality (odds ratio = 1.51; 
95% confidence interval: 1.08-2.10).23 However, Aramberri 
et al conducted a study on 66 patients (12% of all patients) 
with a history of cancer and pulmonary embolism. They 
showed that 58% were symptomatic, and right ventricular 
overload was more common in SPE cases. The study also 
found that the 30-day mortality rate was not significantly 
different between saddle and non-SPE groups.24

Hajizadeh et al showed that SPE is associated with 
higher adverse events. An O2 saturation of < 90%, systolic 
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blood pressure of < 100 mm Hg, and the presence of 
SPE were independent prognostic factors for in-hospital 
mortality.25 Given the critical nature of this topic and the 
extensive body of research dedicated to it, this review 
critically assessed the disparate findings reported in the 
literature regarding the mortality risk associated with SPE.

New Treatments of Saddle PE
Treatment of saddle PE usually involves a combination 
of anticoagulant therapy, thrombolytic therapy, and 
sometimes surgical intervention.26 Some new treatments 
and approaches that might be considered for saddle PE are 
summarized as follows:

Catheter-directed thrombolysis: It is a less invasive 
technique in which a thrombolytic agent is introduced 
directly into the blood vessels via a catheter in order to 
dissolve the clot in the artery.27

Advantages: When compared to traditional systemic 
thrombolysis, catheter-directed thrombolysis has been 
found to have certain benefits such as causing less 
bleeding complications, delivering medicine specifically 
to the site of clot formation, and enabling faster and better 
clot resolution.

Disadvantages: Though generally safe and effective, 
there are some risks with this type of treatment like 
bleeding at the site where they put in the catheters, allergic 
reactions to these drugs, as well as possibly detached 
pieces of clots going through other body parts.28

Ultrasound-facilitated thrombolysis: This procedure 
combines ultrasound with thrombolytic therapy to speed 
up the breakdown of blood clots in the arteries of the 
lungs. Ultrasound-facilitated thrombolysis might improve 
the efficacy of thrombolytic therapy and reduce the risk 
of bleeding.29

Advantages: This process offers a more focused 
method for removing blood clots using clot-dissolving 
medications combined with ultrasound technology. The 
breaking up of the clot by ultrasound waves helps the 
medication to penetrate through it, thereby hastening clot 
resolution. Additionally, compared to traditional forms of 
thrombolytic therapy, ultrasound-assisted thrombolysis 
is associated with lower bleeding incidence and may 
be safer for certain patients. The use of this technique 
results in improved blood circulation, symptomatic relief, 
and prevention of long-term sequelae related to venous 
obstruction.

Disadvantages: Ultrasound-guided thrombolysis is 
generally considered safe and effective; however, there are 
potential risks or complications that could occur during or 
after the procedure. These complications include bleeding 
in the area where a catheter is inserted into an artery or 
vein (the insertion site), hypersensitivity reactions to 
intravenous TPA (the drug used to break up clots), and 
distal embolization whereby bits of the clot can dislodge 
from their site of formation and travel elsewhere in the 
body. Additionally, there is a risk of damage to the blood 
vessel or surrounding tissues during the procedure.30

Surgical embolectomy: In some instances, when 
anticoagulants and thrombolytics fail or cannot be used, 
surgical embolectomy may be an option for treating 
saddle PE. This procedure involves the removal of a blood 
clot from the pulmonary artery by a surgeon to restore 
lung perfusion.31

Advantages: Surgical embolectomy has various 
advantages in cases of severe or life-threatening clots that 
include the removal of the blood clot from the affected 
artery or vein so as to enable uninterrupted circulation 
and avoid complications like tissue necrosis, as well as a 
tailor-made management plan directed at features peculiar 
to the obstructed vessel. Additionally, this technique can 
work hand-in-hand with other therapies, lower the risk of 
reoccurrence, and enhance future vascular health prospects.

Disadvantages: Surgical embolectomy is a major surgical 
procedure with risks such as bleeding, infection, damage 
to surrounding tissues or organs, and anesthesia-related 
problems.32

Inferior vena cava (IVC) filter placement: In some 
instances, an IVC filter can be put in place to prevent 
clots of blood from going to the lung and causing a saddle 
PE. An IVC filter is a tiny gadget that gets placed into the 
IVC, catches blood clots, and does not allow them into the 
pulmonary arteries.33

Advantages: The placement of an IVC filter can offer 
several benefits, the most important of which is trapping 
blood clots before they reach the lungs. This may help 
decrease the life-threatening risk of pulmonary embolism 
in patients who cannot take anticoagulants or continue 
developing thrombosis despite treatment. IVC filters are 
especially helpful in surgical patients, accident victims, 
and patients with certain diseases predisposing to clot 
formation. It is a non-invasive procedure that can be 
performed on outpatients; hence, it is a relatively fast and 
effective way of preventing pulmonary embolism among 
those at risk.

Disadvantages: There is a possibility that the filter can 
move from its original position, leading to complications 
such as perforation of the filter, migration to other organs, 
or blockage of the IVC. Sometimes blood clots may be 
trapped in the IVC filter, which may lead to blockage in 
the vein. The risk of infection at the site where it is placed 
or allergic reactions to materials used in constructing the 
filter also exists. In addition, long-term use of an IVC filter 
might lead to complications such as DVT or fracture of 
the filter. Patients undergoing IVC filter placement should 
be closely monitored for any signs of complications, 
and the decision to use an IVC filter should be carefully 
considered based on the individual’s risk factors and 
medical history.34

Methods
PubMed, Scopus, and Web of Science databases were 
searched for related articles published from 2005 to 2024 
using the following keywords: saddle pulmonary embolism, 
mortality, prognosis, and treatment. Subsequently, review 
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articles were excluded, and the language of the articles was 
limited to English. Finally, related articles were selected 
using the title and abstract.

Results 
A total of 13 articles had prognostic evaluation for SPE. 
Among these articles, 5 articles suggested that SPE do not 
increase the mortality of patients, 5 articles suggested SPE 
as a prognostic factor for adverse events including higher 

mortality, and 3 articles did not show higher short-term 
mortality but reported some adverse events (Table 1). 
Moreover, 9 articles were selected for new treatments of 
SPE. This review reveals that there is a great controversy 
between articles and more investigations should be done 
in this era with a focus on the size of the clot, its extension, 
and comorbidities of patients. It is important that the 
treatment approach chosen for saddle PE should depend 
on the patient’s condition, size and location of the blood 

Table 1. Effect of Saddle Pulmonary Embolism on Mortality and Morbidity of Patients

Study
SPE 

Patients
Average Duration 
of Hospitalization

Mortality Systemic Diseases Conclusion

Sardi et al9 37 9 2 No
The study reported that unfractionated heparin was administered to 
87% of the patients, while thrombolytics were given to 11%. Most 
patients were stable and heparin therapy was useful.

Biggs et al10 1 Unknown 0 COVID-19

The case study underscored the importance of maintaining a high 
clinical suspicion for pulmonary embolism in individuals diagnosed 
with COVID-19, especially in those with resolving symptoms of the 
viral infection. Successful treatment with anticoagulants alone was 
achieved and non-invasive method was preferred.

Ibrahim et 
al13 73 Unknown 2

Diabetes, hypertension, 
heart failure

Patients with saddle pulmonary embolism had a higher prevalence of 
hypotension and cardiac arrest but the overall mortality was not higher 
compared to the PE. 

Jia et al15 51 Unknown 4 Unknown

The thrombus location in the main pulmonary artery (MPA) is a key 
factor indicating a higher risk of deterioration in acute pulmonary 
embolism (PE) patients. Saddle pulmonary embolism does not 
necessarily pose a higher risk than non-MPA embolism. Effective 
management and treatment of acute PE should integrate thrombus 
location with other risk predictors.

Ryu et al6 14 4 0 No
Saddle PE was not correlated with increased in-hospital mortality, 
making its prognostic significance unclear. It exhibited diverse clinical 
symptoms, often without hemodynamic instability.

Kaczyńska 
et al16 22 Unknown 1 Unknown

Saddle PE often occurs in patients showing echocardiographic evidence 
of reduced pulmonary function. However, it does not necessarily 
lead to worse clinical outcomes and should not be the sole factor in 
choosing a treatment approach.

Alkinj et al17 187 5 8
Hypertension, COPD, 

Congestive heart failure, 
malignancy, diabetes

Patients with saddle pulmonary embolism may experience a higher 
degree of hemodynamic instability. However, their short-term 
outcomes, including in-hospital mortality, are similar to those of 
patients with non-saddle PE. The study emphasized the need to focus 
on the hemodynamic status rather than the location of the clot in 
managing patients with saddle PE.

Yusuf et al18 18 Unknown
2 (1 month)
15 (1 year)

Cancer

This study was conducted on cancer patients and found that large 
pulmonary embolism (PE) identified by CT scans increased mortality 
rates. The presence of a saddle pulmonary embolism was linked to a 
poorer one-year prognosis. CT imaging could effectively differentiate 
between saddle and non-saddle PE for risk assessment for up to a year 
after the initial PE event.

Wong et al21 120 9
11 (in-

hospital)
Malignancy, sepsis

SPE was linked to high inpatient mortality, especially in diverse urban 
populations. Traditional scans could not effectively diagnose SPE, and 
right heart thromboembolism, in particular, had a high mortality rate, 
suggesting a need for more intensive treatment strategies.

Kwak et al 22 27 Unknown 5 (30 days)
Diabetes, heart failure, 

cancer

While saddle embolism (SE), detected via CT angiography, was not 
correlated with mortality in non-high risk pulmonary embolism (PE) 
patients in the emergency department, it predicted the occurrence of 
major adverse events (MAEs) related to PE within 30 days. Hence, close 
monitoring of SE patients for any MAEs is crucial.

Prentice et 
al 23 475 5

41 (in-
hospital)

Cancer
This study associated saddle pulmonary embolism with a higher risk of 
mortality, especially in patients with cancer.

Aramberri 
et al24 36 Unknown 5 (30 days) Cancer

The findings of the study contrasted with those of Prentice et al, showing 
no significant difference in 30-day mortality rates between saddle and 
non-saddle PE groups.

Hajizadeh 
et al25 70 Unknown

20
(in-hospital)

Congestive heart failure,
diabetes, COPD

The findings of the study indicated that the presence of SPE was 
statistically significant in predicting both in-hospital mortality and side 
effects among PE patients, a result that contradicts numerous prior 
studies.
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clot, as well as any underlying health conditions.

Discussion
The prognostic implications of SPE have been a subject 
of considerable debate in the medical community. The 
divergence in findings from various studies underscores 
the complexity of SPE as a clinical entity and its impact 
on patient outcomes. While some studies suggest that SPE 
does not inherently increase mortality, others associate it 
with a higher risk of adverse events, including death.19

One of the primary challenges in reaching a consensus 
is the heterogeneity of study populations. Many studies 
have varied in their inclusion criteria, with some focusing 
solely on stable patients and others including those with 
immediate post-admission mortality. This discrepancy 
can significantly skew results and interpretations, leading 
to conflicting conclusions about the true impact of SPE on 
patient prognosis.

Moreover, the current body of literature often lacks 
granularity concerning the size and extension of the 
clot, as well as the presence of concurrent deep vein 
thrombosis. These factors are crucial in understanding 
the pathophysiology of SPE and its potential to precipitate 
hemodynamic compromise. Without this detailed 
information, it is challenging to formulate a comprehensive 
risk profile for patients with SPE.

The advent of artificial intelligence (AI) in medical 
imaging presents a promising avenue for addressing 
these gaps. AI algorithms have the potential to provide 
more nuanced analyses of imaging studies, correlating 
the physical characteristics of embolism with clinical data 
such as laboratory results and hemodynamic parameters. 
Consequently, this integration could lead to better 
prognostication and personalized treatment methods 
which will ultimately improve patient outcomes.

Clearly, SPE may not be an independent predictor 
of mortality but still remains important in the clinical 
assessment of pulmonary embolism. It should prompt a 
thorough evaluation of the patient’s hemodynamic status 
and consideration for aggressive treatment modalities 
when needed. As the field moves forward, it is imperative 
that future studies incorporate more detailed analyses of 
clot characteristics and leverage advanced technologies 
such as AI to enhance our understanding of SPE. Only 
through such concerted efforts can we hope to resolve the 
current controversies and provide clear guidance for the 
management of this complex condition.35

The management of SPE is intricate and necessitates a 
comprehensive approach. The treatments mentioned in 
the article offer promising avenues for managing SPE, 
they also come with their own set of challenges and risks. 
Healthcare practitioners must weigh several factors such 
as the patient’s specific condition, severity of the PE, 
and potential benefits/drawbacks associated with each 
approach before making their choice. Further studies will 
improve these therapies, minimizing potential hazards 
and enhancing prognosis among patients with SPE.

Conclusion
Saddle pulmonary embolism may not be an independent 
predictor of mortality but still remains important in 
clinical assessment of patients, especially in intermediate 
risk patients. New treatments may reduce mortality in 
these patients. 

Ethics statement
Not applicable.

Disclosure of funding source
This research did not receive any specific grants from funding 
agencies in the public, commercial, or not-for-profit sectors. 

Conflict of interests declaration
The author declares that he has no conflict of interests. 

Acknowledgments 
The author appreciates the cooperation and assistance of the Library 
and Informatics Unit of Ayatollah Talegani hospital.

Data Availability Statement 
The data that support the findings of this study are available from 
the corresponding author upon reasonable request. 

Author contributions
Conceptualization: Reza Hajizadeh, Masoud Ojarudi.
Investigation: Reza Hajizadeh, Masoud Ojarudi.
Methodology: Reza Hajizadeh, Masoud Ojarudi.
Supervision: Reza Hajizadeh.
Writing–original draft: Reza Hajizadeh, Masoud Ojarudi.
Writing–review & editing: Reza Hajizadeh, Masoud Ojarudi.

References
1.	 Ostovan MA, Ghaffari S, Pourafkari L, Dehghani P, Hajizadeh 

R, Nadiri M, et al. Modification of simplified pulmonary 
embolism severity index and its prognostic value in 
patients with acute pulmonary embolism. Heart Lung Circ. 
2016;25(2):184-90. doi: 10.1016/j.hlc.2015.08.008.

2.	 Hajizadeh R, Ghaffari S, Habibzadeh A, Safaei N, Mohammadi 
K, Ranjbar A, et al. Outcome of surgical embolectomy in 
patients with massive pulmonary embolism with and without 
cardiopulmonary resuscitation. Kardiochir Torakochirurgia 
Pol. 2017;14(4):241-4. doi: 10.5114/kitp.2017.72228.

3.	 Torbicki A, Pacho R, Jedrusik P, Pruszczyk P. Noninvasive 
diagnosis and treatment of a saddle pulmonary embolism. 
A case report in support of new trends in management of 
pulmonary embolism. Chest. 1996;109(4):1124-6. doi: 
10.1378/chest.109.4.1124.

4.	 Mabee SW, Mabee CL, Pacht ER. Normal arterial blood gas 
in a patient with saddle pulmonary artery embolus: diagnosis 
by transesophageal echocardiography. J Natl Med Assoc. 
1995;87(9):717-9.

5.	 Pruszczyk P, Torbicki A, Pacho R, Chlebus M, Kuch-Wocial A, 
Pruszynski B, et al. Noninvasive diagnosis of suspected severe 
pulmonary embolism: transesophageal echocardiography 
vs spiral CT. Chest. 1997;112(3):722-8. doi: 10.1378/
chest.112.3.722.

6.	 Ryu JH, Pellikka PA, Froehling DA, Peters SG, Aughenbaugh GL. 
Saddle pulmonary embolism diagnosed by CT angiography: 
frequency, clinical features and outcome. Respir Med. 
2007;101(7):1537-42. doi: 10.1016/j.rmed.2006.12.010.

7.	 Kucher N, Rossi E, De Rosa M, Goldhaber SZ. Prognostic role 
of echocardiography among patients with acute pulmonary 
embolism and a systolic arterial pressure of 90 mm Hg 
or higher. Arch Intern Med. 2005;165(15):1777-81. doi: 

https://doi.org/10.1016/j.hlc.2015.08.008
https://doi.org/10.5114/kitp.2017.72228
https://doi.org/10.1378/chest.109.4.1124
https://doi.org/10.1378/chest.112.3.722
https://doi.org/10.1378/chest.112.3.722
https://doi.org/10.1016/j.rmed.2006.12.010


Hajizadeh and Ojarudi

International Journal of Drug Research in Clinics, 2024, Volume 26

10.1001/archinte.165.15.1777.
8.	 Sweet PH 3rd, Armstrong T, Chen J, Masliah E, Witucki 

P. Fatal pulmonary embolism update: 10 years of 
autopsy experience at an academic medical center. 
JRSM Short Rep. 2013;4(9):2042533313489824. doi: 
10.1177/2042533313489824.

9.	 Sardi A, Gluskin J, Guttentag A, Kotler MN, Braitman LE, 
Lippmann M. Saddle pulmonary embolism: is it as bad as 
it looks? A community hospital experience. Crit Care Med. 
2011;39(11):2413-8. doi: 10.1097/CCM.0b013e31822571b2.

10.	 Biggs MD, Bell J, Park C. Pharmacological management 
of saddle pulmonary embolism in a high-risk patient with 
COVID-19. Cureus. 2022;14(6):e26211. doi: 10.7759/
cureus.26211.

11.	 Jaff MR, McMurtry MS, Archer SL, Cushman M, Goldenberg N, 
Goldhaber SZ, et al. 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(16):1788-830. doi: 10.1161/
CIR.0b013e318214914f.

12.	 Sanchez O, Trinquart L, Colombet I, Durieux P, Huisman 
MV, Chatellier G, et al. Prognostic value of right ventricular 
dysfunction in patients with haemodynamically stable 
pulmonary embolism: a systematic review. Eur Heart J. 
2008;29(12):1569-77. doi: 10.1093/eurheartj/ehn208.

13.	 Ibrahim WH, Al-Shokri SD, Hussein MS, Kamel A, Abu Afifeh 
LM, Karuppasamy G, et al. Saddle versus non-saddle pulmonary 
embolism: differences in the clinical, echocardiographic, and 
outcome characteristics. Libyan J Med. 2022;17(1):2044597. 
doi: 10.1080/19932820.2022.2044597.

14.	 Alshumrani G, Al Bshabshe A, Mousa WF. Diagnostic yield 
of CT pulmonary angiography for pulmonary embolism 
in clinically suspected patients. Medicine (Baltimore). 
2021;100(22):e26213. doi: 10.1097/md.0000000000026213.

15.	 Jia D, Ji C, Zhao M. Saddle pulmonary embolism is not a sign of 
high-risk deterioration in non-high-risk patients: a propensity 
score-matched study. World J Emerg Med. 2021;12(4):261-7. 
doi: 10.5847/wjem.j.1920-8642.2021.04.002.

16.	 Kaczyńska A, Pacho R, Bochowicz A, Szulc M, Kostrubiec M, 
Kuch-Wocial A, et al. Does saddle embolism influence short-
term prognosis in patients with acute pulmonary embolism? 
Kardiol Pol. 2005;62(2):119-27.

17.	 17.Alkinj B, Pannu BS, Apala DR, Kotecha A, Kashyap R, 
Iyer VN. Saddle vs nonsaddle pulmonary embolism: clinical 
presentation, hemodynamics, management, and outcomes. 
Mayo Clin Proc. 2017;92(10):1511-8. doi: 10.1016/j.
mayocp.2017.07.014.

18.	 Yusuf SW, Gladish G, Lenihan DJ, Lei X, Durand JB, Swafford J, 
et al. Computerized tomographic finding of saddle pulmonary 
embolism is associated with high mortality in cancer patients. 
Intern Med J. 2010;40(4):293-9. doi: 10.1111/j.1445-
5994.2009.01914.x.

19.	 Ghanima W, Abdelnoor M, Holmen LO, Nielssen BE, Sandset 
PM. The association between the proximal extension of the clot 
and the severity of pulmonary embolism (PE): a proposal for a 
new radiological score for PE. J Intern Med. 2007;261(1):74-
81. doi: 10.1111/j.1365-2796.2006.01733.x.

20.	 Pinevich Y, Barwise AK, Austin JM, Soleimani J, Herasevich 
S, Redmond S, et al. Time to diagnostic certainty for saddle 
pulmonary embolism in hospitalized patients. Biomol Biomed. 
2023;23(4):671-9. doi: 10.17305/bb.2022.8393.

21.	 Wong KJ, Kushnir M, Billett HH. Saddle pulmonary 
embolism: demographics, clinical presentation, and 

outcomes. Crit Care Explor. 2021;3(6):e0437. doi: 10.1097/
cce.0000000000000437.

22.	 Kwak MK, Kim WY, Lee CW, Seo DW, Sohn CH, Ahn S, et al. 
The impact of saddle embolism on the major adverse event 
rate of patients with non-high-risk pulmonary embolism. 
Br J Radiol. 2013;86(1032):20130273. doi: 10.1259/
bjr.20130273.

23.	 Prentice A, Ruiz I, Weeda ER. Saddle pulmonary embolism and 
in-hospital mortality in patients with cancer. Int J Clin Oncol. 
2019;24(6):727-30. doi: 10.1007/s10147-019-01406-0.

24.	 Aramberri M, Benegas M, Sanchez M, Muñoz-Guglielmetti D, 
Zamora C, García-Villa A, et al. Saddle pulmonary embolism 
in patients with cancer in the era of incidental events: clinical 
findings and outcomes in a single centre cohort. TH Open. 
2022;6(3):e267-75. doi: 10.1055/s-0042-1755605.

25.	 Hajizadeh R, Ghaffari S, Rajebi H, Kavandi H, Javanshir E, 
Fahimi G, et al. Short-term mortality of patients with saddle 
pulmonary embolism: a single-center study. Turk Kardiyol 
Dern Ars. 2019;47(4):273-80. doi: 10.5543/tkda.2019.77292.

26.	 Brueilly KE, Hergott CG, Fox AM, Dowling JS. Early 
rehabilitation following saddle pulmonary embolism: 
perspective from physical therapist as patient. J Acute Care Phys 
Ther. 2021;12(2):57-64. doi: 10.1097/jat.0000000000000149.

27.	 Fleck D, Albadawi H, Shamoun F, Knuttinen G, Naidu S, Oklu 
R. Catheter-directed thrombolysis of deep vein thrombosis: 
literature review and practice considerations. Cardiovasc 
Diagn Ther. 2017;7(Suppl 3):S228-37. doi: 10.21037/
cdt.2017.09.15.

28.	 Ebben HP, Jongkind V, Wisselink W, Hoksbergen AW, Yeung 
KK. Catheter directed thrombolysis protocols for peripheral 
arterial occlusions: a systematic review. Eur J Vasc Endovasc 
Surg. 2019;57(5):667-75. doi: 10.1016/j.ejvs.2018.11.018.

29.	 Chopard R, Ecarnot F, Meneveau N. Catheter-directed 
therapy for acute pulmonary embolism: navigating gaps in 
the evidence. Eur Heart J Suppl. 2019;21(Suppl I):I23-30. doi: 
10.1093/eurheartj/suz224.

30.	 de Winter MA, Hart EA, van den Heuvel DA, Moelker A, 
Lely RJ, Kaasjager KA, et al. Local ultrasound-facilitated 
thrombolysis in high-risk pulmonary embolism: first Dutch 
experience. Cardiovasc Intervent Radiol. 2019;42(7):962-9. 
doi: 10.1007/s00270-019-02200-1.

31.	 Ata F, Ibrahim WH, Choudry H, Shams A, Arshad A, Younas 
HW, et al. Optimal management, prevalence, and clinical 
behavior of saddle pulmonary embolism: a systematic 
review and meta-analysis. Thromb Res. 2022;217:86-95. doi: 
10.1016/j.thromres.2022.07.013.

32.	 Poterucha TJ, Bergmark B, Aranki S, Kaneko T, Piazza G. Surgical 
pulmonary embolectomy. Circulation. 2015;132(12):1146-
51. doi: 10.1161/circulationaha.115.015916.

33.	 Steinberger JD, Genshaft SJ. The role of inferior vena cava 
filters in pulmonary embolism. Tech Vasc Interv Radiol. 
2017;20(3):197-205. doi: 10.1053/j.tvir.2017.07.010.

34.	 Li X, Haddadin I, McLennan G, Farivar B, Staub D, Beck A, 
et al. Inferior vena cava filter - comprehensive overview of 
current indications, techniques, complications and retrieval 
rates. Vasa. 2020;49(6):449-62. doi: 10.1024/0301-1526/
a000887.

35.	 Sadegh-Zadeh SA, Sakha H, Movahedi S, Fasihi Harandi A, 
Ghaffari S, Javanshir E, et al. Advancing prognostic precision 
in pulmonary embolism: a clinical and laboratory-based 
artificial intelligence approach for enhanced early mortality 
risk stratification. Comput Biol Med. 2023;167:107696. doi: 
10.1016/j.compbiomed.2023.107696.

https://doi.org/10.1001/archinte.165.15.1777
https://doi.org/10.1177/2042533313489824
https://doi.org/10.1097/CCM.0b013e31822571b2
https://doi.org/10.7759/cureus.26211
https://doi.org/10.7759/cureus.26211
https://doi.org/10.1161/CIR.0b013e318214914f
https://doi.org/10.1161/CIR.0b013e318214914f
https://doi.org/10.1093/eurheartj/ehn208
https://doi.org/10.1080/19932820.2022.2044597
https://doi.org/10.1097/md.0000000000026213
https://doi.org/10.5847/wjem.j.1920-8642.2021.04.002
https://doi.org/10.1016/j.mayocp.2017.07.014
https://doi.org/10.1016/j.mayocp.2017.07.014
https://doi.org/10.1111/j.1445-5994.2009.01914.x
https://doi.org/10.1111/j.1445-5994.2009.01914.x
https://doi.org/10.1111/j.1365-2796.2006.01733.x
https://doi.org/10.17305/bb.2022.8393
https://doi.org/10.1097/cce.0000000000000437
https://doi.org/10.1097/cce.0000000000000437
https://doi.org/10.1259/bjr.20130273
https://doi.org/10.1259/bjr.20130273
https://doi.org/10.1007/s10147-019-01406-0
https://doi.org/10.1055/s-0042-1755605
https://doi.org/10.5543/tkda.2019.77292
https://doi.org/10.1097/jat.0000000000000149
https://doi.org/10.21037/cdt.2017.09.15
https://doi.org/10.21037/cdt.2017.09.15
https://doi.org/10.1016/j.ejvs.2018.11.018
https://doi.org/10.1093/eurheartj/suz224
https://doi.org/10.1007/s00270-019-02200-1
https://doi.org/10.1016/j.thromres.2022.07.013
https://doi.org/10.1161/circulationaha.115.015916
https://doi.org/10.1053/j.tvir.2017.07.010
https://doi.org/10.1024/0301-1526/a000887
https://doi.org/10.1024/0301-1526/a000887
https://doi.org/10.1016/j.compbiomed.2023.107696

