
Determination of EkoSonic Endovascular System Treatment 
According to Patient Characteristics in High-risk Pulmonary 
Embolism Patients
Yüksek Riskli Pulmoner Emboli Hastalarında Ekosonic Endovasküler Sistem 
Tedavisinin Hasta Özelliklerine Göre Belirlenmesi

Objectives: Pulmonary embolism (PE) is the third most common cause 
of cardiovascular death. The EkoSonic Endovascular System is one of the 
treatments for thrombus. In this study, it was aimed to investigate the re-
sults of ECOS treatment and the effects of personal characteristics such 
as age, gender, and clinical history on the effectiveness and safety of 
treatment in patients with high or moderately high-risk PE.
Methods: In this study, 51 patients who underwent ECOS with the 
diagnosis of medium-high-risk PE were analyzed retrospectively. Arte-
rial blood gas oxygen saturation, partial oxygen pressure (PaO

2
) val-

ues, RV diameters, pulmonary arterial pressure (PAPs), and tricuspid 
regurgitation in echocardiography and Qanadli Score in computed 
tomography were recorded in all patients before and after the proce-
dure. In addition, PE and deep vein thrombosis localization, complete 
blood count, hemoglobin, hematocrit, platelet count, urea, creatinine 
values, minor and major bleeding, recurrent venous thromboem-

Amaç: Pulmoner emboli (PE) kardiyovasküler ölümlerin en yaygın üçüncü 
nedenidir. PE hastaları; yüksek risk, orta yüksek risk, orta düşük risk ve düşük 
risk grupları olarak sınıflandırılır ve hastaya yönelik tedavi protokolleri bu 
sınıflara göre düzenlenir. Ekosonik endovasküler sistem (EKOS) trombüse 
yönelik tedavilerden biridir. Hastalara ait bireysel farklılıkların EKOS tedavi 
sonuçlarını nasıl etkileyeceği konusunda yeterli çalışma bulunmamakta-
dır. Bu çalışmada, yüksek veya orta yüksek riskli PE hastalarında EKOS teda-
vi sonuçlarını, yaş, cinsiyet ve klinik öykü gibi hastalara ait kişisel özelliklerin 
tedavi etkinliği ve güvenliğine etkilerinin araştırılması amaçlanmıştır.
Yöntem: Bu çalışmada, yüksek riskli PE tanısı ile EKOS uygulanan 51 has-
ta geriye dönük olarak analiz edildi. Hastaların tamamında işlem öncesi 
ve sonrası arteryel kan gazı oksijen satürasyonu (SaO

2
), parsiyel oksijen 

basıncı (PaO
2
) değerleri, ekokardiyografide sağ ventrikül çapı, pulmoner 

arter basıncı ve triküspit yetersizliği, bilgisayarlı tomografide QS skoru 
kaydedildi. Ayrıca, PE ve derin ven trombozu lokalizasyonu, tam kan sa-
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Introduction
Pulmonary embolism (PE) is the third most common cause 
of cardiovascular death. The annual incidence of PE var-
ies between 75 and 270/100,000 cases.[1] The cost of PE in 
health-care expenditures is estimated to be approximately 
$2–10 billion annually.[2,3] According to the European Soci-
ety of Cardiology/European Respiratory Society (ESC) 2020 
guideline, PE patients are classified as high-risk, medium 
high-risk, medium low-risk, and low-risk groups, and pa-
tient-oriented treatment protocols are arranged according 
to these classes.[4]

The treatment of acute PE is basically based on two prin-
ciples; treatment of clinical outcomes such as hypoxemia 
caused by embolism, right heart failure, and treatments for 
thrombus.[4] Catheter-directed therapies (CDTs) are among 
the treatments for thrombus. Since bleeding complications 
are very few, CDT is recommended for patients in the high-
risk group.[5,6] The EkoSonic Endovascular System (EKOS) is 
one of the types of CDT.

In EKOS, the thrombolytic agent is delivered into the 
thrombus through an infusion catheter containing an ul-
trasonic core wire. Thus, while ensuring the penetration 
of the drug, it also contributes to the thinning and re-
laxation of the fibrin threads by allowing more exposure 
of the intrathrombus plasminogen receptor sites.[7,8] It 
has been shown that EKOS treatment is superior in im-
proving right ventricular (RV) function when compared 
to heparin treatment alone in patients with moderate 
risk PE.[5] However, there is still insufficient evidence for 
the safety and efficacy of EKOS in patients with high-or 
intermediate-high-risk PE who cannot receive systemic 
fibrinolysis therapy.[6]

In our study, it was aimed to investigate the results, treat-
ment efficacy, and safety of EKOS treatment according to 
patient characteristics in high-risk PE patients.

Methods
Patient Population
In a single-center study, 51 patients who underwent EKOS 
with a diagnosis of medium high-risk PE between January 
2017 and December 2021 in our tertiary cardiovascular 
center were analyzed retrospectively. Acute PE diagnosis 
and risk classification were made according to the 2019 
ESC Acute PE Guidelines.[4] Patients with thrombus detect-
ed in at least 1 main or proximal lower lobe pulmonary 
artery with contrast-enhanced Computed tomography 
(CT) were included in the study. Patients except those 
with moderate high-risk PE and patients who underwent 
AngioJet, systemic thrombolytic, and surgical pulmo-
nary embolectomy were excluded from the study. Arte-
rial blood gas oxygen saturation (SaO2) and partial oxy-
gen pressure (PaO2) values before and after procedure, 
RV diameters on echocardiography, pulmonary arterial 
pressure and severity of tricuspid regurgitation, Qanadli 
CT score was recorded for all the patients. In addition, PE 
and deep vein thrombosis (DVT) localization, complete 
blood count, hemoglobin, hematocrit, platelet count, 
urea and creatinine values, minor and major bleeding, 
and recurrent venous thromboembolism were evaluated. 
In addition, additional procedures and procedure-relat-
ed complications after EKOS application were recorded. 
Each patient was informed in detail about the study and 
informed consent was obtained from the patients. Ethics 
committee approval was obtained for the study protocol.

bolism, and presence of complications were evaluated. All the data 
obtained were compared in male and female groups, in the over 65 
age group and in groups classified according to the history of the 
underlying disease.
Results: In all patients, the mean of saturation and PaO

2
 after the 

procedure was higher than before the procedure, the averages of he-
moglobin, hematocrit, creatine, right ventricular (RV) diameter, PAP, 
and Qanad value were found to be lower than before the procedure 
(p<0.05). The RV diameter difference before and after the procedure 
was found to be higher in patients over 65 years of age than in pa-
tients under 65 years of age (p<0.05). Considering the gender distribu-
tion of ten patients with complications, 1 (10%) of the patients were 
male and 9 (90%) were female. 
Conclusion: This study shows that ECOS is an effective treatment op-
tion in patients with high-risk PE.
Keywords: Complications, EkoSonic endovascular system, gender, pul-
monary embolism

yımı, hemoglobin, hematokrit, trombosit sayısı, üre, kreatinin değerleri 
minör ve majör kanama, tekrarlayan venöz tromboembolizm ve komp-
likasyon varlığı değerlendirildi. Elde edilen tüm veriler, kadın ve erkek 
gruplarında, 65 yaş üstü ve altı grubunda, altta yatan hastalık öyküsüne 
göre sınıflanan gruplarda karşılaştırıldı. 
Bulgular: Tüm hastalarda işlem sonrası satürasyon ve parsiyel oksijen 
basıncının ortalaması, işlem öncesine göre daha yüksekti. Hemoglobin, 
hematokrit, kreatinin, sağ ventrikül çapı, pulmoner arter basıncı ve Qa-
nad değeri ortalamaları işlem öncesine göre daha düşük tespit edildi 
(p<0,05). Altmış beş yaş üstü hastalarda işlem öncesi ve işlem sonrası 
sağ ventrikül çap farkı 65 yaş altı hastalara göre daha yüksek tespit edildi 
(p<0,05). Komplikasyon gelişen toplam 10 hastanın kendi içinde cinsiyet 
dağılımına bakıldığında hastaların 1 (%10)’i erkek, 9 (%90)’u kadındı.
Sonuç: Bu çalışma, yüksek riskli PE hastalarında EKOS’un etkin bir te-
davi seçeneği olduğunu ve hastalar en kısa sürede multidisipliner mer-
kezlere yönlendirilmeleri gerektiğini göstermektedir.
Anahtar sözcükler: Komplikasyon, EKOS, cinsiyet, pulmoner emboli
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Surgical Technique
All procedures were performed using fluoroscopic imaging 
guidance in a standard angiography package. Before the 
procedure, lower extremity venous system mapping was 
performed by ultrasound. All venous access was obtained 
from the femoral approach under ultrasound guidance. 
During the procedure, invasive arterial blood pressure, 
cardiac rhythm, pulse rate, and SaO2 of the patients were 
monitored. Areas of heavy thrombus load, which were de-
termined as the ideal target for catheter placement, were 
detected with CT angiography before the procedure and 
with pulmonary angiography during the procedure. Two 
infusion catheters were placed in the bilateral embolism ar-
eas. After catheter insertion, a loading dose of 2–5 mg tissue 
plasminogen activator (tPA) was administered from each 
catheter at the operator’s discretion. The patients received 
ultrasound waves at a frequency of 2 MHz and infusion of 
alteplase at a rate of 1 mg/h from each catheter for 24 h in 
patients with low bleeding risk, and infusion of alteplase at 
a rate of 0.5 mg/h for 24 h in patients with high bleeding 
risk. Intravenous unfractionated heparin was maintained at 
a reduced rate ranging from 250 to 400 units/h during em-
boli tPA infusion with an ultrasound-assisted catheter-guid-
ed thrombolysis catheter in the intensive care unit. When 
appropriate, the ultrasound system was activated before 
leaving the catheterization room. All patients were taken 
to the intensive care unit for close follow-up throughout 
the infusion period. Fibrinogen levels and activated partial 
thromboplastin time (aPTT) were recorded at defined inter-
vals throughout the treatment period. With low-dose hep-
arin infusion, the restrictive aPTT strategy of 30–40 seconds 
was targeted and titrated in increments or decrements of 
50 units/h. After the thrombolytic administration was com-
pleted, the infusion catheters were removed and the stan-
dard full dose heparin infusion was continued. Oral antico-
agulant therapy was started in all patients before discharge.

Statistical Analysis
Statistical analysis was performed using IBM SPSS 22 (IBM 
Corp. Released 2013. Armonk, NY: IBM Corp.). Descriptive 
data were expressed as mean±standard deviation, median 
(min-max), or number and frequency. The normality distri-
bution was analyzed using the Kolmogorov–Smirnov test. 
Since the data were normally distributed, the t-test was 
used in dependent groups; otherwise, the Wilcoxon test 
was used. P<0.05 was considered statistically significant.

Results
Demographic and clinical characteristics of 51 patients treat-
ed with EKOS are shown in Table 1. The mean age of the pa-
tients is 65.04. There was malignancy in 9 (17.6%) patients. 

While PE was unilateral in 10 (19.6%) patients, it was bilat-
eral in 41 (80.4%) patients. DVT was present in 34 (66.7%) 
patients. Dyspnea was present in 50 (98%) patients, syncope 
in 3 (5.9%) patients, and palpitations in 14 (27.5%) patients.

During and after the Procedure
Vena cava inferior filter was inserted to prevent PE recur-
rence in four patients (7.9%) during the procedure, and 47 
(92.1%) patients did not require any additional surgical pro-
cedure. After the procedure, 25 (49%) patients had mild, 4 
(7.9%) mild-moderate, 13 (25.5%) moderate, 2 (3.9%) mod-
erate-advanced tricuspid regurgitation, and 7 (13.7%) pa-
tients did not have tricuspid regurgitation after the proce-
dure. Single lung involvement was observed in 10 (19.6%) 
patients and bilateral lung involvement was observed in 
41 (80.4%) patients. The mean time to symptom onset was 
2.16 days. Control CT was performed between the 2nd and 
5th days (mean, 3.5 days). The mean thrombolytic amount 
in patients is 39.02 mg. The mean infusion time was 24 h 
and the mean infusion rate was 1.555 mg/h. While com-
plications did not develop in 37 (72.5%) patients during or 
after the procedure, hematuria was observed in 6 (11.8%) 
patients, hemoptysis in 3 (5.9%) patients, and bradycardia 
in 1 (2%) patient. Hospital mortality was 7.8% (4 patients).
The blood parameter values of the patients treated with 
EKOS before and after the procedure are given in Table 2, and 
the differences between these values were statistically com-
pared with the dependent sample t-test. The averages of par-
tial SaO2 and PaO2 after the procedure were higher in patients 
than before the procedure, and this difference was statistical-
ly significant (p<0.05). The mean and confidence intervals of 
partial SaO2 values measured before and after the procedure 
in 51 patients treated with EKOS are shown in Figure 1.
After the procedure, the mean hemoglobin, hematocrit, cre-
atinine, RV diameter, pulmonary artery pressure, and Qanadli 
values were lower in the patients compared to the pre-proce-
dure, and this difference was statistically significant (p<0.05).
The mean and confidence intervals of the RV diameter, pul-
monary artery pressure values before and after the proce-
dure in a total of 51 patients treated with EKOS, are shown 
in Figures 2 and 3.
There was no statistically significant difference between 
the mean platelet and urea values of the patients before 
and after the procedure (p>0.05).
The differences between EKOS and pre- and post-treat-
ment parameters of patients with and without a history 
of malignancy, surgery, and orthopedics were statistically 
compared with the Mann–Whitney U-test. The mean of the 
partial SaO2 differences before and after the procedure in 
patients with a history of malignancy, surgery, and orthope-
dics was higher than the average of the pre-and post-pro-
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cedure partial SaO2 differences of the other patients, and 
this difference was statistically significant (p<0.05).
The EKOS treatment results of patients with and without a 
history of malignancy, surgery, and orthopedics are shown 
in Table 3.
The differences between the EKOS and pre-and post-treat-
ment parameters of patients under 65 years of age and over 
65 years of age were compared statistically with the depen-
dent sample t-test. The mean difference between the pre- and 
post-procedure RV diameters of the patients over and under 
65 years of age was statistically significant (p<0.05). The treat-
ment results of these patients with EKOS are shown in Table 4.

The differences between EKOS and pre- and post-treatment 
parameters according to the gender of the patients were 
statistically compared with the dependent sample t-test. 
No statistically significant difference was detected in any 
of these parameters. The results of treatment with EKOS ac-
cording to the gender of the patients are shown in Table 5.

When the patients included in the study were evaluated 
according to the developing complications, complications 
developed in 1 (5%) of 21 male patients, while complica-
tions developed in 9 (30%) of 30 female patients. The distri-
bution of patients with complications according to gender, 
age, and comorbidities is shown in Table 6.

  n  %

Age (mean±SD)  65.04±15.483
Gender
 Male 21  41.2
 Female 30  58.8
Malignancy
 None 42  82.4
 Yes 9  17.6
Location of pulmonary embolism
 Unilateral 10  19.6
 Bilateral 41  80.4
Deep vein thrombosis
 None 17  33.3
 Yes 34  66.7
Orthopedic story
 None 42  82.4
 Yes 9  17.6
Surgery story
 None 45  88.2
 Yes 6  11.8
CVO story
 None 48  94.1
 Yes 3  5.9
Dyspnea
 None 1  2
 Yes 50  98
Chest pain
 None 23  45.1
 Yes 28  54.9
Syncope
 None 48  94.1
 Yes 3  5.9
Palpitation
 None 37  72.5
 Yes 14  27.5
Diabetes
 None 40  78.4
 Yes 11  21.6

  n  %

Hypertension
 None 27  52.9
 Yes 24  47.1
COAD
 None 43  84.3
 Yes 8  15.7
Complication
 None 37  72.5
 Hematuria 6  11.8
 Hemoptysis 3  5.9
 Mortality 4  7.8
 Bradycardia  1  2
Additional Procedure
 None 47  92.1
 Vci Filter 4  7.9
Pre-procedural tricuspid regurgitation
 Mild 12  23.5
 Moderate 8  15.7
 Severe 5  9.8
Post-procedure tricuspid regurgitation
 Mild 25  49
 Mild-moderate 4  7.9
 Moderate 13  25.5
 Moderate-severe 2  3.9
 None 7  13.7
Involved lung
 Unilateral 10  19.6
 Bilateral 41  80.4
Time to symptom onset (days)  2.16±1.42
Control CT acquisition (days)  3.51±0.9
Thrombolytic amount (mg)  39.02±9.952
Infusion time (hours)  24.24±4.113
Infusion rate (mg/hour)  1.555±0.4435

Table 1. Demographic, clinical characteristics, and pre-operative–post-operative data of the patients

CVO: Cerebrovascular event; COAD: Chronic obstructive airways disease; VCI: Vena cava ınferior; CT: Computed tomography; mg: milligram
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Discussion
Today, there are approximately 200,000 hospitalizations 
per year with the diagnosis of PE, which is still an important 
cause of mortality. While acute PE can be treated with sys-
temic anticoagulants in low-risk patients, it may affect car-
diovascular function in moderate and high-risk patients and 
increase mortality risk by causing hemodynamic instability 
and cardiovascular collapse.[9] Since bleeding complications 
are very few, CDT treatments are recommended for patients 
in the high-risk group.[6] The EKOS is one type of CDT.

Especially in the past decade, many studies have been con-
ducted to investigate the efficacy of EKOS treatment. In 
their study in 2022, in which Klein et al.[10] shared the results 
of EKOS treatment, it was reported that right heart stress 
caused by PE decreased significantly after treatment. In a 
similar study conducted in 2021, it was reported that partial 
SaO2 and PaO2 increased and RV diameter decreased after 
treatment in moderate high-risk PE patients.[11] In the studies 
of McCabe et al.,[12] similar results were obtained and it was 
reported that the mean of RV diameter and Qanadli value 

decreased significantly in patients treated with EKOS. Kay-
maz et al.[13] reported that RV stress was reduced by treating 

Table 2. Comparison of pre-and post-process parameters

 Pre-process Post-process p

Partial oxygen saturation 86.43±4.18 93.76±2.99 <0.001*
Partial oxygen pressure 71.65±7.60 87.12±6.57 <0.001*
Hemoglobin 11.78±1.712 10.60±1.678 <0.001
Hematocrit 35.76±4.897 32.10±4.613 <0.001*
Platelet 234.76±121.187 224.77±92.323 0.521*
Urea 50.13±22.749 47.57±25.110 0.636
Creatine 1.0509±0.26152 0.9460±0.30954 0.001
Right ventricular diameter 44.98±7.394 40.57±6.439 <0.001
Pulmonary artery pressure 49.70±11.802 42.08±8.798 <0.001
Qanadli Value 26.82±6.307 7.44±2.625 <0.001

*: P<0.05.

Figure 2. Means and confidence intervals of right ventricular diame-
ter values before and after the procedure.
CI: Confidence interval; RV: Right ventricular.
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Figure 1. Means and confidence intervals of partial oxygen satura-
tion values before and after the procedure.
CI: Confidence interval; SaO2: Arterial blood gas oxygen saturation.
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Figure 3. Means and confidence intervals of pulmonary arterial pres-
sure values before and after the procedure.
CI: Confidence interval; PAP: Pulmonary arterial pressure.
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Table 5. Comparison of the pre-and post-procedure parameters of the patients according 
to gender

Differences between before Male Female p 
and after the process

Saturation difference 7.33±2.61 7.33±3.16 1.000
Partial oxygen pressure difference 16.76±7.48 14.57±5.76 0.266
Hemoglobin difference −1.29±1.31 −1.10±1.57 0.657
Hematocrit difference −3.48±4.05 −3.83±4.23 0.767
Platelet difference −18.81±52.13 −39.41±162.44 0.079
Urea difference −2.81±17.34 −1.76±30.62 0.878
Creatine difference −0.1±0.17 −0.07±0.22 0.541
Right ventricular diameter difference −4.81±2.66 −3.83±1.77 0.151
Pulmonary arterial pressure difference −8.76±6.86 −5.86±4.43 0.076
Qanadli value difference −18.57±6.42 −19.79±5.09 0.480

P<0.05.

Table 3. Comparison of the pre- and post-procedural parameters of patients with and 
without a history of malignancy, surgery, and orthopedics

Differences between before Patients with Other p 
and after the process malignancy,  patients 
 surgery, and 
 orthopedics  

Saturation difference 8.06±2.85 6.1±2.68 0.022
Partial oxygen pressure difference 15.75±5.89 15±7.67 0.565
Hemoglobin difference −1.19±1.65 −1.17±1.04 0.967
Hematocrit difference −3.69±4.73 −3.67±2.83 0.677
Platelet difference 9.18±74.19 −53.38±207.165 0.341
Urea difference −1.5±25.54 −3.13±30.96 0.652
Creatine difference −0.08±0.24 −0.099±0.18 0.913
Right ventricular diameter difference −4.09±1.87 −4.41±2.83 0.742
Pulmonary arterial pressure difference −6.31±5.91 −8.29±5.31 0.111
Qanadli value difference −19.45±5.91 −19.5±5.34 0.905

P<0.05.

Table 4. Comparison of pre-and post-procedure parameters of patients under 65 years old 
and over 65 years old

Differences between before Patients Patients p 
and after the process under 65 over 65 
 years of age years of age

Saturation difference 6.89±2.94 7.59±2.93 0.416
Partial oxygen pressure difference 15.05±7.8 15.72±5.79 0.749
Hemoglobin difference −0.94±1.16 −1.31±1.59 0.395
Hematocrit difference −3±3.5 −4.06±4.43 0.355
Platelet difference −9±56.74 −16.18±170.34 0.839
Urea difference −2.94±21.65 −1.61±30.41 0.867
Creatine difference −0.07±0.14 −0.09±0.25 0.713
Right ventricular diameter difference −5.06±2.75 −3.71±1.72 0.040
Pulmonary arterial pressure difference −8.94±6.80 −5.87±4.77 0.103
Qanadli value difference −19.25±6.69 −19.59±5.12 0.863

P<0.05.
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patients with PE with ECOS in their study. In our study, it was 
observed that the mean partial SaO2 and PaO2 of the patients 
treated with EKOS before and after the procedure increased 
significantly compared to the pre-procedure. In addition, it 
was determined that RV diameter and Qanadli value averag-
es decreased significantly after the procedure in our patients.
In our study, we compared the treatment results accord-
ing to the clinical history and gender of the patients, un-
like the studies conducted so far. When we compared the 
EKOS results of patients with a clinical history of malignan-
cy, surgery, and orthopedic surgery and other patients, it 
was found that the partial SaO2 after the procedure was 
significantly higher in patients with a history of malignan-
cy, surgery, and orthopedic surgery. No significant differ-
ence was found between the groups in the treatment ef-
ficacy in comparisons made according to gender. Harrison 
et al.,[14] in 2021, EKOS treatment results were compared 
in patients aged 65 and over. According to this study, no 
significant difference was found between the two groups 
in terms of treatment efficiency. In the study published by 
Castillo-Perez et al.[15] in 2021, it was concluded that CDT 
does not have an inhibitory risk in very elderly patients 
who have been treated with CDT. In our study, there was 
no significant difference between the groups in terms of 
both treatment efficiency and complication development 
rates when the patients were compared with those over 65 
years of age and those under 65 years of age.
Although many studies have been published on the effec-
tiveness of EKOS treatment results, there is no study on the 
differences in the benefits-risk results in treatment accord-
ing to gender. Although there are no direct EKOS results, 
there are various studies investigating the differences in 
thrombolytic treatments of PE according to gender.[16,17] Gei-
bel et al.,[18] in their study investigating possible gender-re-
lated differences in the benefit-risk ratio of thrombolysis 

treatment in acute submassive PE, did not show a gender 
difference in response to treatment in thrombolysis treat-
ment. Although the response to treatment in PE did not dif-
fer by gender, this study revealed that the risks associated 
with treatment differed by gender. When we compared our 
patients who received treatment according to gender in our 
study, it was found that there was no gender-related differ-
ence in response to treatment, but nine out of ten patients 
who had complications were female. Complications were 
seen in 5% of male patients, while this rate was 6 times high-
er (30%) in females. Nine of the complications we identified 
in a total of ten patients were complications due to bleeding 
(hematuria and hemoptysis). At present, there is no score 
that can predict the bleeding risk for patients with PE.[19]

Conclusion
Complications related to bleeding still remain a problem 
in the treatment of PE, including catheter-directed treat-
ments. Although the efficacy of EKOS treatment has been 
confirmed by many studies, the number of studies evalu-
ating patient populations in terms of complications is still 
very insufficient and we believe that prospective multi-
center studies are needed.
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  complications complications

  n  % n  % n  %
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 Male 1  5 20  95 21
 Female 9  30 21  70 30
Age   
 <65 4  20 16  80 20
 >65 6  19 25  81 31
Medical history   
 Malignancy 2  22 7  78 9
 Orthopedic surgery −  − 9  100 9
 Other surgery 1  17 5  83 6
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