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Chapter__ 1_ 

Abstract t 
Purpose:Purpose: We report our technique and results of percutaneous mechanical 
thrombectomyy in a consecutive series of 8 patients with massive pulmonary 
embolismm (PE). We also discuss the possible role of mechanical PE thrombectomy. 

Methods:Methods: 8 consecutive patients with acute massive PE, with or without 
hemodynamicc impairment, were treated with mechanical thrombectomy. We 
usedd a modified 7 Fr hydrolyser catheter. The treatment was combined with 
systemicc fibrinolysis. 

Results:Results: From the logistic and technical point we encountered no problems. 
Alll  patients showed significant improvement while still in the angiography 
suite.. There were no bleeding complications and no other events related to the 
procedure.. Despite the clinical improvement, one patient died shortly after the 
proceduree from cardiac failure. In all patients there was an acute increase in 
P022 to normal values. Only a mean of about 50% of all local thrombus could 
bee removed (range 30% -80%). The mean pulmonary arterial pressure (PAP) 
pre-interventionn decreased only minimal from 42,5 mmHG to 36,3 mmHG 
post-interventionn (not significant). In three patients the PAP continues to remain 
highh at follow-up. 

Conclusion:Conclusion: The most important feature of mechanical thrombectomy for 
massivee PE is immediate improvement of cardiac output, P02 and clinical 
situation,, to overcome the first critical hours after massive PE. The amount of 
thrombuss reduction seems not to be an important parameter. 
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Introduction n 
Massivee pulmonary embolism (PE) is associated with a poor outcome due to 
rightt ventricular failure, hypotension and shock (1 -3). There is evidence that a 
reductionn of the embolic mass leads to a decrease in pulmonary arterial pressure 
andd an increase in cardiac output (4). To obtain this reduction, systemic 
thrombolysiss is currently the therapy of choice. Thrombolytic therapy can 
inducee a reduction of 30% in mean pulmonary arterial pressure (PAP) and an 
increasee of 15% in cardiac index two hours after treatment institution (4). A 
significantt decrease of mean right ventricular end diastolic area has also been 
recordedd three hours after treatment (3). 
Withh sustained thrombolytic therapy, 80% increase in cardiac index and 40% 
decreasee in pulmonary artery pressure can be obtained within 48 hours (5). 
Theree is no direct fibrinolytic effect from heparin in patients with PE, therefore 
heparinn gives no reduction of the embolic burden and no change in pulmonary 
pressuree or cardiac index (5-6). Reduction in pulmonary artery obstruction of 
12%% and 35% were seen at 2 and 24 hours, respectively, after 100 mg of Rt-
PA,, whereas heparin did not show any significant early reduction (3). At 1 
week,, however, the reduction in vascular obstruction for heparin and 
thrombolysiss was similar (4,7). This indicates that an early and fast decrease 
off  pulmonary obstruction preceding standard heparin treatment may prevent 
earlyy right ventricular failure, hypotension and shock, and thus be beneficial 
forr the outcome of massive PE (8). 
Onee of the hazards of systemic thrombolytic therapy is the associated 
haemorrhage,, which has been reported in 14% of patients receiving thrombolysis 
forr severe PE (9,10). Based on the available data, there is a survival benefit from 
thrombolyticc therapy in patients with massive PE and cardiogenic shock or 
hypotension,, and this may also be true for patients with right ventricular failure. 
Recentt publications have reported the use of mechanical thrombectomy devices 
forr debulking of the pulmonary artery obstruction to obtain an instant flow 
improvementt with subsequent clinical improvement (11-14). The advantages 
off  applying a mechanical thrombectomy device to treat massive PE are the 
samee as for other target areas where these devices have proven their 
effectiveness:: fast restoration of flow, and minimising the risk for bleeding 
complications.. We describe our experience in 8 patients with massive PE using 
aa PE-modification of the Hydrolyser catheter (Cordis, Roden, The Netherlands) 
inn combination with Urokinase locally or a single local bolus of systemic Rt-PA. 
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Methods s 
PatientPatient population 
Patientss with massive symptomatic PE, defined as reduction of perfusion by 
moree than 90% in one lung or an occlusion of the one main pulmonary artery as 
detectedd on VQ scan with or without hemodynamic impairment, were included. 
Thee study was approved by the local medical ethics committee of our institution. 
Overr a period of 24 months, a series of 8 patients, 6 female and 2 male with a 
meann age of 46 years (28 -76 years) and clinical signs of acute massive PE, all 
confirmedd on VQ-scan, were referred for mechanical thrombectomy. In 5 patients 
theree was a unilateral occlusion of the left pulmonary artery with minimal or no 
floww on the VQ-scan, and no flow on the pulmonary angiography (figure 1). 
Threee patients presented with a partial occlusion. All of these 8 patients had 
severee dyspnea with reduced P02, and 5 were also hemodynamically impaired. 
Thee time of onset of clinical signs varied between > 3 days in our first patient to 
lesss than an hour in the other patients. One patient had a previous history of PE, 
11 patient had a family history of fatal PE, and 1 was known with thrombophylia. 

MechanicalMechanical thrombectomy 
Thee device which was used in all but one patient is a modification of a previously 
describedd thrombectomy catheter (15). In brief, this device functions on the 
principless of the Venturi-effect by creating a vortex for passive thrombus 
removall  through suction and recirculation. The device is powered by a standard 
mechanicall  contrast injector filled with saline. The original device (Hydrolyser, 
Cordis,, J&J, Roden, the Netherlands) is commercially available and has been 
reportedd to be effective and safe for the treatment of acute thrombosis, both in 
peripherall  and coronary arteries and in dialysis fistulae (16-18). The PE-
Hydrolyserr is a 7 Fr, 100 cm long, pre-shaped catheter with a fixed pigtail-
curvee on the tip (fig 2b). The main difference with the standard Hydrolyser is 
thee fixed pigtail-curve and that the PE-modification is not "over the wire". 
Thee latter is due to the pigtail tip, which has no connection to the lumen of the 
catheter.. In one patient we used a standard thrombectomy device, the Oasis ® 
(( Boston Scientific), because the custom made PE-hydrolyser was not available. 

Technique Technique 
Afterr diagnosis of PE, which can be done either by VQ scan or transoesophageal 
ultrasound,, pulmonary angiography is performed and the PAP recorded (fig 
la).. All our patients had a diagnostic VQ-scan. When an immediate diagnostic 
optionn is not available, the patient should be transported to the intervention 
roomm as soon as possible. 

84 4 



Mechanicall  thrombectomy for massive pulmonary embolism 

a a 

d d 

Figuree 1. Patient with massive PE of the left lung: (a) Massive PE of the left lung; (b) result after 
treatmentt with the PE-hydrolyzer, with residual thrombus: (c) A-P \ iew one week postintervention, 
withh minimal residual thrombus; (d) oblique view one week postintervention 

Thee diagnostic catheter is exchanged for an 80 cm long 9 Fr multipurpose, 0.088 
inchh inner-lumen, marker-tip guiding catheter (Cordis, J&J, Miami. Fl, USA). 
Thee tip of this catheter is positioned at the origin of the affected pulmonary 
arteryy (fig 2a). A bolus of 5000 IU heparin is then administered. The PE-
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Figuree 2. (a) 9 French catheter at the origin of the left pulmonary artery, (b) PE-hydroIyzer, through 
thee guiding catheter, distal in the left pulmonary artery. 

Hydrolyserr is introduced, without guide wire, through a hemostatic valve into 
thee guiding catheter and advanced until the tip of the PE-Hydrolyser is positioned 
justt above the thrombus. The catheter is activated with the injection of saline by 
thee power injector, which is set at 4 ml/sec and 750 psi. A maximum of 150 ml 
perr mn is given. During each run the catheter is slowly moved downwards through 
thee thrombus in the main pulmonary artery, while rotating manually (fig 2b). 
Thee activated catheter is both advanced and pulled back. After 2 runs (combined 
forwardd and pullback) the result is established with angiography. When the main 
branchh is free of thrombus, the pigtail-tip can be cut, to enter the smaller site-
branches.. When after 2 additional consecutive runs no further improvement is 
detected,, the procedure is finished (fig lb). Again pulmonary arterial pressure is 
recorded.. The diagnostic catheter is then positioned in the remaining thrombus, 
throughh which a single bolus of 8,000 IU/kg Urokinase is administered. The 
sheathh can be removed immediately or after 3 hours. 
Subsequently,, the patient is treated with standard systemic heparin according 
too the local protocol for all patients with PE, which aims for a APTT 
prolongationn of 1.5-2 times the baseline value (usually in the range of 60-90s). 
Controll  pulmonary angiography is performed after 1 week, before hospital 
dischargee (fig lc-d). 
Afterr 5 patients we changed the protocol, to give 100 mg Rt-PA i.v., immediately 
afterr the diagnosis of massive PE was made, and not after the procedure. This 
forr ethical reasons to overcome a possible time-delay between the diagnosis 
timee and the start of the standard therapy (Rt-PA) 
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Angiography y Hemodynamicc Mean Residual Mean 
PAP-pree Thrombus PAP-post 

Ptt 1 Severe PH left lung Stable 18 mmHg 70% Unchanged 
Ptt 2 Occlusion left pulmonary Unstable 58 mmHg 30% Unchanged 

artery y 
Ptt 3 Occlusion left Pulmonary Unstable 64 mmHg 50% 42 mmHg 

artery y 
Ptt 4 Occlusion left Pulmonary Stable 28 mmHg 60% Unchanged 

Brtcrv v 
Ptt 5 Occlusion left Pulmonary Unstable 38 mmHg 20% 16 mmHg 

artery y 
Ptt 6 Severe bilateral PF, Unstable 22 mml Ig 50% unchanged 
Ptt 7 Occlusion left Pulmonary Unstable 38 mmHg 40% 32 mmHg 

artery y 
Pt88 Severe bilateral PR Stable 74 mmHg 70% Unchanged 

Tablee I. Characteristics of patients with massive pulmonary embolism treated 
thrombectomv v 

Mean n 
PAPP at 3 months 

Nott measured 
366 mm Hg 

Patientt died 

Nott measured 

133 mmHg 

288 mmHg 
Nott measured 

688 mmHg 

withh mechanical 

Results s 
Positioningg of the 9 Fr guiding catheter, over a stiff 0.035 inch guide wire, in 
thee pulmonary artery required less than ten minutes in all patients (Table 1). 
Onee patient (pt 1) with a history of more than 2 weeks and subtotal pulmonary 
arteryy occlusion who was hemodynamically stable, only about 20-30% 
thrombuss was removed. Nonetheless, this patient experienced instant 
improvementt of dyspnea, which was substantiated by an increase in P02. The 
PAPP was not elevated at the beginning of this procedure. The follow-up was 
uneventful.. In retrospect and after takingg into consideration the inclusion criteria, 
wee are now of the opinion that this patient should not have been included in 
thiss study. Patient 3, a 76-years old female in the ICU, 3 weeks after cardiac 
bypasss surgery, with respiratory support, maintained a severe forward failure 
despitee maximum hemodynamic stimulation. Her condition decreased acutely 
afterr an episode of PE. After mechanical thrombosuction there was an instant 
andd significant improvement of the PAP, and improvement of the systemic 
bloodd pressure during the first 2 hours after the intervention. Despite the overall 
improvement,, the patient died 4 hours later of cardiac failure. The other patients 
alsoo showed significant clinical improvement, evident immediately after the 
proceduree while still in the angio suite. In all patients there was an acute increase 
inn P02 to normal values immediate after the procedure despite the fact that 
onlyy a mean of about 50% of all local thrombus could be removed (range 30% 
-80%)) with mechanical thrombectomy (all with 3L 02 through nasal tube).There 
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wass no relation between the amount of thrombus removed, as estimated on the 
angiography,, and the clinical improvement. The mean PAP pre-intervention 
decreasedd only minimal from 42,5 mm HG to 36,3 mm HG post-intervention 
(nott significant). There were no bleeding complications and no other events 
relatedd to the procedure. All successfully treated patients were released from 
thee hospital 1 week after the intervention on oral anticoagulation. Four patients 
weree seen at 3 months for control angiography. In three the PAP continues to 
remainn elevated although the angiography showed good restoration of perfusion 
withh only minimal residual perfusion defects. 

Discussion n 
Massivee PE is associated with a mortality rate of more than 10% in the first 
hourr (19). Especially patients with pre-existing decreased cardiac function are 
att great risk of not surviving even a sub-total pulmonary occlusion. One study 
showedd 100% mortality if thrombolytic therapy was withheld in patients with 
massivee PE and cardiogenic shock (8). 
Afterr the first two hours of thrombolysis a slow decrease in PAP but a fast 
increasee in cardiac index was reported (3). In our experience with the PE-
Hydrolyser,, we also observed a slow decrease in PAP, despite the restoration 
off  flow and more than 50% debulking of obstructing material in most cases. 
Thiss indicates that the PAP is mainly dependent on the patency of the smaller 
peripherall  vessels in the lung. Furthermore, this may also explain the further 
limitedd decrease of PAP at follow-up. This may also raise a question whether 
mechanicall  thrombectomy gives a poorer long term response than thrombolysis. 
Moree follow-up data are needed to answer this question. By debulking and 
subsequentt restoration of flow, the cardiac output will increase, and therefore 
improvee the hemodynamic status of the patient in hemodynamic shock. The 
amountt of debulking and in this way the initial success probably also depends 
onn the age of the embolic material. However, there is no way to determine the 
agee of the embolic load in massive PE. The rationale of treating massive PE 
withh mechanical thrombectomy is the conversion of a massive or total occlusion 
off  one lung into a case of serious PE, i.e. a high possibility VQ scan. And the 
latterr can, as suggested in a recent review; best be treated with heparin (20). It 
iss only when one analyses the overall therapy that the greatest benefit for the 
usee of mechanical thrombectomy is realised to be in the first hours, because 
vascularr obstruction is the main cause for decreased cardiac index. Therefore, 
whenn only fibrinolytic therapy is used hemodynamic or even mechanical life 
supportt in patients with massive pulmonary embolism has to be maintained 
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untill  systemic thrombolysis is effective. Systemic thrombolysis starts to shows 
ann effect within 2 hours. However, the final outcome is only seen 24-48 hours 
afterr the start of the fibrinolytic therapy. 
Onee of the hazards of systemic thrombolytic therapy is bleeding complications, 
whichh have been reported in approximately 15% of patients receiving 
thrombolysiss for massive PE (9,10). The most used drug regimens are 100 mg 
off  RtPA during 2 hours or 4,400 IU/kg/h Urokinase during 12 to 24 hours. For 
Urokinasee this will lead to an average dose of at least 300,000 iU/h and a total 
dosee of 3.6 and 7.2 million IU at 12 and 24 hours, respectively. The high cost 
off  this therapy is another issue, which is due not only to the price of the 
thrombolyticc drug but also to the high-care nursing mandatory for these patients 
receivingg systemic fibrinolysis. The advantages of the mechanical concept are 
ann expeditious result and minimal risk for bleeding complications. In an 
emergencyy situation, which is often the case with massive PE, a catheter-based 
techniquee also has the advantage of securing an accurate diagnosis followed 
byy a dedicated, fast acting therapy. 
Surgeryy is still sometimes described as a first choice emergency treatment. 
Thee drawbacks are, however, that it is only available in dedicated hospitals 
andd that it is very invasive with an uncertain outcome (2). Mechanical 
thrombectomy,, on the other hand, is an easy endovascular technique, performed 
inn many radiology departments for indications such as thrombosed dialysis 
fistulae.fistulae. There is, as with all currently available devices, a limitation for 
mechanicall  thrombectomy in PE due to the diameter of the pulmonary artery. 
Mostt devices have a maximum suction radius of 10 mm, while the pulmonary 
arteryy has a diameter exceeding 10 mm. To overcome this dimensional 
discrepancy,, the special PE-Hydrolyser was designed. The function of the 
additionall  pigtail-tip is probably fourfold: firstly, it will prevent the Hydrolyser 
fromm moving downward through the thrombus by a predetermined path of 
leastt resistance. The latter means that the Hydrolyser would otherwise only 
havee a "Dotter-effect", creating a narrow catheter channel, without effectuating 
actuall  thrombectomy. Secondly, the diameter range for thrombosuction with 
thee standard 7 Fr device is normally only 10 mm, however, as a result of the 
pigtail-tipp the device will move more randomly through the thrombosed 
pulmonaryy artery and therefore have increased thrombus contact. Thirdly, the 
pigtaill  will prevent undesired access of the Hydrolyser into small, mostly 
unaffected,, pulmonary branches. Fourthly, during catheter pullback the 
thrombuss will be directed towards the suction nozzle by the pigtail-tip, hence 
increasingg actual thrombus removal through suction. In-vitro tests have shown 
thee benefit ofthe pigtail concept (21). And when the main branch is treated the 
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pigtail-tipp can be cut, to treat the smaller site-branches. 
Whichh of the currently available mechanical thrombectomy devices is the most 
appropriatee for the treatment of massive PE? There is insufficient data to make 
suchh a choice for any device because the cases published are too anecdotal. 
Yet,, to perform a study will be very difficult because the patients who survive 
massivee PE, and who are suitable candidates for this treatment, are encountered 
onlyy a few times a year in a larger hospital. Since most available devices have 
demonstratedd their effectiveness in other situations with comparable outcomes, 
aa registry of cases of patients with massive PE, treated with any of the available 
devices,, will give more information about the truee place of this therapy within 
ourr current armamentarium. In our limited experience, we have shown that 
mechanicall  thrombectomy with the PE-Hydrolyser for massive PE is feasible, 
withh good and instant clinical success. There were no complications during 
thiss initial experience. The main window of opportunity for this therapy is 
probablyy within the first hours of the event, to instantly treat the circulation 
blockage.. Therefore, for further implementation of this therapy, next to 
experience,, logistics may also play a crucial role. 
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