
Extracorporeal membrane oxygenation
and surgical embolectomy for
high-risk pulmonary embolism

To the Editor:

Patients with high-risk pulmonary embolism (PE) presenting with cardiogenic shock refractory to
supportive measures have a high mortality [1, 2]. Therapeutic success depends on rapid haemodynamic
stabilisation and restoration of pulmonary blood flow. Thrombolytic therapy is the most widely used
recanalisation strategy, but this treatment has substantial drawbacks including a high rate of bleeding
complications and limited efficacy in patients with large embolic burden or in patients with recurrent PE
presenting with acute-on-chronic events [3–8].

Surgical treatment of massive PE was introduced 110 years ago by Dr. Trendelenburg, but was widely
abandoned due to high mortality rates [4, 9]. The unsatisfactory surgical results were often related to the
compromised clinical status of the patients, especially those who had already undergone thrombolysis and
entered the operation room with advanced cardiogenic shock in need of cardiopulmonary resuscitation
(CPR) [1, 2, 9–11]. Thus, the cornerstone for improving the results of surgical embolectomy may lie in the
stabilisation of the preoperative haemodynamic condition, which can be achieved by veno-arterial
extracorporeal membrane oxygenation (v-a ECMO) [2, 12, 13].

At our institution, in November 2012, we introduced a pulmonary embolism response team (PERT)
consisting of pneumologists, cardiologists, radiologists and cardiothoracic surgeons, and a standard
operating procedure for patients with high-risk PE.

Per protocol, thrombolytic therapy was not to be instituted prior to a PERT decision. v-a ECMO support
was the preferred rescue therapy for patients who remained in cardiogenic shock or under CPR despite
supportive measures.

Peripheral v-a ECMO was implanted via the femoral approach, preferably in awake, non-intubated
patients to avoid further haemodynamic compromise due to anaesthesia and mechanical ventilation. A
cannula for antegrade leg perfusion was inserted at the time of ECMO implant or as soon as possible after
initial stabilisation. ECMO blood flow was usually kept at 2–3 L·min−1, paying particular attention to
maintain pulmonary perfusion and arterial pulsatility. In patients with severely impaired upper body
oxygenation, an additional inflow cannula was inserted in an internal jugular vein. The decision on
definitive therapy after establishment of v-a ECMO support was also made by the PERT with surgical
treatment being the preferred strategy. The same strategy was used in patients retrieved from other
hospitals by our mobile ECMO team.

During surgery, ECMO was switched to cardiopulmonary bypass (CPB) using the previously implanted
cannulas. An additional cannula was inserted in the superior vena cava for venous drainage. If the
intraoperative findings showed acute-on-chronic PE, moderate hypothermic circulatory arrest was used to
combine embolectomy with pulmonary endarterectomy (PEA). After completion of surgery, the cannula
in the superior vena cava was removed and CPB was switched back to v-a ECMO support, which was
extended postoperatively to prevent the development of lung reperfusion injury, and to allow recovery of
cardiac function.
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Here we present the results of pre- and perioperative ECMO therapy of 36 consecutive patients (36%
female; median age: 56 years, range 18–79 years) admitted for high-risk PE at our institution between
November 2012 and August 2018. Follow-up ended on September 01, 2018. The treatment flowchart for
these patients is shown in figure 1a.

In all patients, the initial computed tomography angiographies showed extensive central pulmonary
emboli. Additional thrombotic material in the right heart chambers was visible in 8 (22%) patients. 19
(53%) patients had undergone unsuccessful thrombolysis or catheter-directed therapies, most of them in
other hospitals prior to referral to our clinic. ECMO support was required because of persistent
haemodynamic instability despite treatment with vasopressors and/or inotropes.

Nine (25%) patients (CPR prior to ECMO, n=5) did not undergo surgery, because they did not stabilise
(n=7) or showed signs of severe hypoxic-ischaemic brain injury (n=2). These patients all died.

Seven (19%) other patients (CPR prior to ECMO, n=2) did not undergo surgery, because of severe obesity
(n=2), recent neurosurgery (n=1), pregnancy (n=1), unclear neurological status after CPR (n=2), and lack
of consent (n=1). These patients stabilised on ECMO and anticoagulation alone (n=6) or low-dose
catheter-directed thrombolysis (n=1), respectively, and were successfully weaned from ECMO after a
median support time of 7 days. However, two patients died of sepsis prior to discharge from the hospital.

The remaining 20 (56%) patients (CPR prior to ECMO, n=8) underwent surgery. The median duration of
v-a ECMO support prior to surgery was 2 days (range: 0–9 days); two (10%) patients required an
additional venous cannula to treat hypoxaemia.

13 (65%) patients underwent standard embolectomy (figure 1b), while seven (35%) patients were
intraoperatively found to have acute-on-chronic PE. These patients underwent combined embolectomy
and PEA (figure 1c) and required moderate hypothermic circulatory arrest for a median of 28 min (range:
11–30 min). Two (10%) patients required coronary artery bypass grafting at the same time.

Postoperatively, all patients were transferred to the intensive care unit (ICU) under continued v-a ECMO
support, which was weaned after a median of 5 days (range: 2–12 days). 12 (60%) patients were extubated
before ECMO weaning. Six (30%) patients required prolonged mechanical ventilation and underwent
tracheostomy. Three (15%) patients required re-thoracotomy for bleeding and five (25%) patients renal
replacement therapy (temporary, n=4). One (5%), two (10%) and three (15%) patients showed lung
reperfusion oedema, stroke and vascular complications after ECMO explantation (leg ischaemia, n=1;
femoral artery bleeding, n=2), respectively. Median ICU and hospital stay times were 11 days (range:

36 patients with high-risk PE needed v-a ECMO support

b)

c)

20 (56%) patients underwent surgical embolectomy

9 (25%) patients died while on 
ECMO support

7 (19%) patients stabilised 
under ECMO and were weaned 
from ECMO support (two of 
these patients died thereafter)

13 (65%) patients were 
found to have acute PE

7 (35%) patients were found 
to have acute-on-chronic PE

13 patients survived until 
hospital discharge

6 patients survived until 
hospital discharge

1 (5%) patient died

a)

FIGURE 1 a) Flowchart for patient treatment disposition and b, c) surgically removed materials. Specimens showing b) fresh, red thrombus in a
patient with acute pulmonary embolism (PE) and c) acute (red) and chronic (whitish) thrombus in a patient with acute-on-chronic PE. v-a ECMO:
veno-arterial extracorporeal membrane oxygenation.
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6–34 days) and 22 days (range: 12–70 days), respectively. 17 (85%) patients, including five who had
required CPR prior to ECMO placement, had complete neurological recovery. One (5%) patient died
17 days after surgery from septic multiorgan failure in hospital.

Taken together, the overall in-hospital survival rate in the present series was 67% (31% in patients who did
not undergo surgery and 95% in patients who underwent surgery, respectively). Among the 15 patients
who had undergone CPR prior to ECMO placement, the overall survival rate was 60% (14% in patients
who did not undergo surgery and 100% in patients who underwent surgery). These results are comparable
with recent case series on surgical treatment of patients with PE where rates of in-hospital mortality
ranged from 3.6% to 31% [2, 5–7, 10–12, 14] and neurological events from 2.9% to 20% [2, 5, 10–12, 14].

Some authors have recently proposed that patients with high-risk PE could be treated by ECMO and
anticoagulation alone (standalone ECMO) [15]. However, in a recent series published by MENEVEAU et al. [1],
the mortality rate of patients treated with standalone ECMO was 78%, while the mortality rate of patients
treated with ECMO and surgical embolectomy was 29%. Our results were comparable to the latter series
with a 69% mortality rate in patients who received ECMO support but no surgical treatment. However,
these results are affected by an inherent selection bias as the majority of the patients who were excluded
from surgery were deemed to have a poor prognosis.

Of note, we identified previously unrecognised chronic thromboembolic changes in more than one third
of patients undergoing surgery (figure 1c). This may explain, at least in part, the high proportion of
patients who had failed thrombolytic therapy. These observations are of particular importance as they
highlight a major limitation of thrombolytic therapy as well as the need to perform surgery in experienced
centres, whenever possible. We acknowledge that surgical treatment for acute and acute-on-chronic PE is
not available in most hospitals. However, ECMO support is becoming increasingly used and inter-hospital
transfer of patients on ECMO has become feasible in many parts of the world.

In summary, our data show that a treatment protocol for patients with high-risk PE and refractory
cardiogenic shock aiming at rapid haemodynamic stabilisation via v-a ECMO support followed by
semi-elective surgical embolectomy may provide excellent outcomes.
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