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Background: Percutaneous extracorporeal life support (pECLS) is increasingly applied in cardiogenic shock (CS) despite a lack of evidence from randomized trials. The in-hospital mortality rate of pECLS still reaches up to 60%, while vascular access site complications remain a shortcoming. Surgical approaches with central cannulation for ECLS (cELCS) have emerged as a bail-out option. To date, no systematic approach exists that allows a definition of inclusion or exclusion criteria for cECLS.



Methods and results: This single-center, retrospective, case-control study includes all patients fulfilling criteria for CS at the West German Heart and Vascular Center Essen/Germany between 2015 and 2020 who underwent cECLS (n = 58), excluding post-cardiotomy patients. Seventeen patients received cECLS (29.3%) as a first-line treatment strategy and 41 patients as a second-line strategy (70.7%). The main complications leading to the use of cECLS as a second-line strategy were limb ischemia (32.8%) and ongoing insufficient hemodynamic support (27.6%). The first-line cECLS cohort showed a 30-day mortality rate of 53.3% that was constant during follow-up. The 30-day mortality rate of secondary cECLS candidates was 69.8% and the rate at 3 and 6 months was 79.1%. Younger patients (<55 years) were more likely to exhibit survival benefit with cECLS (p = 0.043).



Conclusion: Surgical cECLS in CS is a feasible therapy for highly selected patients with hemodynamic instability, vascular complications, or peripheral access site limitations as complementary strategy in experienced centers.
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1. Introduction

Cardiogenic shock (CS) represents the most severe form of acute heart failure syndrome and is associated with high mortality rates ranging from 30% to 60% (1). Minimally invasive peripheral placement of percutaneous ventricular assist devices (pVADs) or short-term veno-arterial extracorporeal membrane oxygenation (VA-ECMO), also referred to as peripheral extracorporeal life support (pECLS), by cannulation of the femoral artery and vein, are increasingly applied first-line approaches for establishing an immediate hemodynamic support in CS (2). Despite the increasing use of peripheral VA-ECMO/ECLS with limited data from randomized trials and advances in critical care management and technology, the in-hospital mortality rate of patients treated with pECLS still reaches up to 60% and has remained stable during the last decade (3–5).

Different pVADs are available. Historically, the intra-aortic balloon pump was a first-line pVAD in infarct-related CS, but it is no longer recommended for this indication on the basis of randomized data (2, 6). Microaxial flow pumps (e.g., Impella™) are commonly applied as a short-term therapy in SCAI stage C and D limited to reversible causes, in high-risk coronary interventions, or in transplant and durable VAD candidates (2, 7, 8). pECLS is used for SCAI stage C, D, and E with combined respiratory insufficiency, also limited to reversible causes or for transplant or durable VAD candidates, and might be established in select patients with refractory cardiac arrest as extracorporeal cardiopulmonary resuscitation (2, 7, 8). Numerous trials are ongoing or were recently completed to prove the superiority of mechanical circulatory support compared with the sole best medical treatment, e.g., ECLS-SHOCK (NCT03637205), DANGERshock (NCT0163350), ALLOASSIST (NCT03528291), and UNLOAD-ECMO (NCT05577195) (5).

Until evidence can guide therapy for pVADs or pECLS, an interdisciplinary shock team must be put in place, assessing the severity of CS and comorbidities to evaluate individual risks and benefits (2).

Percutaneous approaches for ECLS are often limited by vascular access complications or limb ischemia. The latter might be avoided by the application of a selective antegrade leg perfusion cannula or by cannulation of a surgical arterial graft. In addition, frequent complications in pECLS are severe pulmonary edema due to an increase in afterload leading to an incomplete left ventricular unloading and might be limited by insufficient overall cardiocirculatory support (3, 9). If an additional microaxial device for selective left ventricular unloading on top of pECLS is not sufficient (e.g., the ECMELLA concept, also referred to as ECPELLA) or technically not feasible, percutaneous therapeutic opportunities are fully exploited.

Surgical vascular access to provide central cannulation of the cardiovascular system has emerged as an optional escalation concept in this end-stage CS population in heart failure centers. Typically, cECLS is used in postcardiotomy shock with an already established thoracotomy. In contrast, neither evidence-based systematic approaches nor algorithms exist that allow for a definition of inclusion criteria for cECLS therapy in patients with critical CS and/or who have experienced a failure of minimally invasive pECLS strategies.

Here, we aim to identify patient characteristics and inclusion criteria for high-risk patients with CS who might benefit from this last-resort therapy.



2. Methods


2.1. Patients

This is a single-center, retrospective, case-control study, including all patients fulfilling the criteria of CS at the West German Heart and Vascular center Essen (WHGZ) between 2015 and 2020 and who were treated with central ECLS (cECLS). Postcardiotomy patients were excluded from the study. We investigated patient characteristics at cECLS implementation as well as the reasons for secondary implantation of a cECLS if other assist devices were already in place. We also studied clinical assessment tools such as available hemodynamics, use of intravenous vasopressors or inotropes, antibiotics, and clinical course on intensive care unit if documentation was available. Follow-up time points were 30 days, 3 months, and 6 months after cECLS implantation. The study was approved by the local Ethics Committee of the University Duisburg-Essen (vote number 22-10BO).



2.2. Surgical ECLS techniques

Possible interventional and surgical cannulation techniques for ECLS in adults as recommended by the Extracorporeal Life Support Organization (ELSO) are summarized in Table 1 and illustrated in Figure 1 (10).
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FIGURE 1
Schematic illustration of different cannulation techniques for interventional and surgical ECLS in adults as recommended by the ELSO. Deoxygenated blood (blue) is drained via the venous cannula under negative pressure. Blood is transferred through an oxygenator and oxygenated blood (red) is returned via the arterial cannula. (A) Peripheral ECLS. Insertion: Outflow via the femoral vein with inflow via the femoral artery (unilateral or bilateral). (B) Semicentral ECLS. Insertion: Outflow via the femoral vein or right atrium with inflow via the subclavian or axillary artery. (C) Central ECLS. Insertion: Outflow via the femoral vein or right atrium with inflow via the ascending aorta. (D) Biventricular VAD. Insertion: One outflow via the right atrium with inflow through the pulmonary trunk and a second outflow via the left atrium with inflow via the ascending aorta. cECLS, central venoarterial extracorporeal life support; ECLS, extracorporeal life support; pECLS, peripheral venoarterial extracorporeal life support; scECLS, semicentral venoarterial extracorporeal life support; BiVAD, temporary percutaneous biventricular assist device.



TABLE 1 Different interventional and surgical techniques for ECLS in adults.
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In cECLS, blood drainage is performed by using a multistage venous cannula via the femoral vein introduced in the Seldinger technique. Alternatively, direct central cannulation of the right atrium is established. The advantages of cECLS are reliable venous drainage and arterial return with reduced impedance to the proximal aorta in antegrade fashion, allowing maximum flow rates without increasing the afterload. An alternative for left ventricular (LV) venting is cannulation of the right superior pulmonary vein. The main disadvantage of this is the invasive nature of cECLS, requiring sternotomy, potentially leading to subsequent complications such as bleeding, infection, resternotomy, aortic dissection, and thromboembolic events (11). As an alternative, semicentral ECLS (scECLS) with blood return in the ascending aorta via the axillary/subclavian artery is implemented. The advantage of scECLS is establishment without general anesthesia with only local anesthesia administered around the clavipectoral triangle. In select patients, a non-durable percutaneous biventricular assist device (BiVAD) is used as a bridge to decision or candidacy for left ventricular assist device (LVAD), heart transplant, or even recovery. Temporary BiVADs (e.g., Levitronix) provide circulatory support with an optional oxygenator in the right ventricular circuit (12). Until 2019, Levitronix had been applied as short-term circulatory support at our institution. For this reason, this subgroup was included in the cECLS cohort. BiVADs provide blood drainage from the right atrium to the pulmonary trunk as well as from the left atrium to the ascending aorta. The main advantages of BiVADs are complete cardiac unloading and maintaining the blood flow via pulmonary vasculature, avoiding the need for an oxygenator.



2.3. Statistics

Statistical analysis included sum, percentage, and mean for numerical variables, Pearson’s χ2 test for categorical data, independent t-test for quantitative data, and Kaplan–Meier estimator for mortality. The level of significance was α = 5%. Statistical analysis was performed using IBM SPSS Statistics 28 and Microsoft Excel version 16.59. In case of missing data, a listwise deletion of records was performed.




3. Results


3.1. Baseline characteristics of patients receiving central ECLS

Fifty-eight patients were retrospectively identified and included in the study. Basic patient characteristics at ECLS implantation are illustrated in Table 2. Primary condition leading to CS was acute coronary syndrome (n = 30, 51.7%), while non-acute coronary syndrome caused CS in 28 patients (48.3%). Half of the patients underwent successful resuscitation before implantation (50.0%, n = 29), and in 22.4% of patients (n = 13), the indication for pECLS was ongoing resuscitation, referred to as extracorporeal cardiopulmonary resuscitation (eCPR). The mean time of cardiopulmonary resuscitation before the establishment of eCPR was 40.3 min. Patients who underwent cECLS were grouped in SCAI stages C (first line n = 5; 29.4%/second line n = 15; 36.6%), D (first line n = 8; 47.1%/second line n = 19/46.3%), and E (first line n = 4; 23.5%/second line n = 7; 17.1%) without significant differences between groups.


TABLE 2 Baseline patient characteristics.
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3.2. Surgical ECLS strategy

Seventeen patients received cECLS (29.3%) as a first-line strategy, including four patients with surgical preparation and cannulation of the subclavian artery (scECLS 6.9%). The switch to cECLS as a second-line strategy due to pECLS failure was applied in 41 patients (70.7%). cECLS was intended as a bridge to decision in all patients. The mean time to switch to cECLS after pECLS insertion was 2 days (±67 h) (Table 3). The laboratory results of patients at surgical ECLS implantation are summarized in Table 4. Laboratory parameters were comparable between groups.


TABLE 3 ECLS implantation techniques.
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TABLE 4 Laboratory findings.

[image: Table 4]

The main indication leading to cECLS was limb ischemia after femoral cannulation (although a selective limb perfusion cannula was inserted in 18 out of 19 patients) (n = 19, 32.8%). Hemodynamic instability led to cECLS switch in 16 patients (n = 27.6%). In four patients (6.9%), right ventricular failure was documented. Left ventricular congestion was the leading pathophysiology in three patients (5.2%). Acute bleeding was documented in seven patients (12.1%) and two patients presented an acute dislocation of one of the cannulas (3.4%). Some patients fulfilled more than one criterion for switch to cECLS. In five patients, a combination of Impella on top of ECLS (ECMELLA) was used (8.6%). In three patients with cECLS, surgical left ventricular venting was installed (5.2%). At the time of cECLS implantation, 27 (46.6%) patients fulfilled the criteria of multiorgan failure (first-line cECLS 58.8%, vs. second-line cECLS 41.5%, p = 0.25), with 58.6% of patients already receiving antibiotics (first-line cECLS 58.8% vs. second-line cECLS 58.5%, p = 0.80), and 29.3% undergoing continuous hemofiltration (first-line cECLS 17.6% CVVHD vs. second-line cECLS 34.1% CVVHD, p = 0.21). All patients in both cohorts required vasopressor and inotropic support at the time of cECLS implantation.



3.3. Outcome and follow-up

The age of non-survivors in the whole cohort was 56 ± 13 years. The main reason for death was multiorgan failure (53.4%, n = 31). Five patients died of intracranial bleeding (8.6%). One patient died because of ventricle rupture. The age of survivors was 49 ± 10 years. Following cECLS, 30-day mortality rate in the whole cohort was 63.8% (n = 37), corresponding to a survival rate of 36.2% (Figure 2A). The long-term mortality rate at 3 months was 70.7% (n = 41), without making any difference to the 6-month mortality rate (Figure 2B). Subdividing different cECLS implantation timing modalities, either secondary to pECLS failure or primary cECLS, the second-line strategy resulted in 30-day mortality rates of 69.8% and 79.1% at 3 and 6 months, respectively. First-line candidates exhibited a 30-day mortality rate of 53.3% without changes at 3- and 6-month follow-up interval. Younger patients (<median age of 55 years) were more likely to enjoy survival benefit after cECLS treatment (p = 0.043). In total, three first-line cECLS patients were bridged to LVAD (17.6%), and none of these patients died. In comparison, four second-line cECLS patients were treated with LVAD (9.7%), and one of these patients died 54 days after cECLS establishment. None of the patients in both cohorts received heart transplantation during the follow-up period.
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FIGURE 2
Kaplan–Meier plots for cumulative survival following surgical ECLS implantation. (A) Thirty-day mortality in the whole cohort (63.8%). (B) Six-month mortality (70.7%). ECLS, extracorporeal life support.





4. Discussion

In this study, we identified patient characteristics and prerequisite criteria for patients who might benefit from surgical/central cannulation for ECLS. In reputed centers, cECLS appears to be a complementary strategy and a potential option for carefully selected patients in case they suffer from vascular complications, peripheral access site limitations, or hemodynamic instability.

According to the ELSO registry report, over 33,000 adults have been supported with ECLS for cardiac reasons since 1990, constantly increasing in frequency (13). The minimally invasive pECLS is regarded as a bail-out approach in refractory CS despite less evidence from randomized trials and the hemodynamic shortcomings of this therapy (5, 14–16). Surgical vascular access for ECLS with central cannulation of the cardiovascular system has emerged as an individual and almost experimental last-resort option, with even less evidence to be found in the literature (11). In an eCPR setting, the establishment of pECLS via ultrasound-guided stiff-wire peripheral cannulation is the preferred approach, with the exception of cardiac patients who had undergone sternotomy recently (thoracic cannulation recommended) (17). However, cECLS requires a cardiothoracic surgeon on site, new sternotomy, or at least surgical access to the axillary/subclavian artery. Because of this invasive nature, this strategy is poorly established in emergency situations (18).

While being a widely applied approach for hemodynamic support in CS, pECLS might not provide sufficient cardiovascular support, subsequently leading to pECLS-associated poor perfusion and typical harlequin syndrome (also referred to as North–South syndrome) (19). Complications such as thrombosis and thromboembolism as well as ischemia of the extremities are common. Accordingly, the main limitation of pECLS seems to be severe peripheral artery disease and subsequent limb ischemia despite selective limb perfusion cannulation (20).

The main reason for the switch to cECLS in our study was the presence of vascular complication. This finding gives rise to the hypothesis that upfront cECLS implantation might be a feasible first-line strategy in patients with known peripheral artery disease. Since a large number of pECLS devices are implanted in an emergency setting, a strategy such as primary cECLS needs to be clearly defined and investigated in a prospective fashion and is limited to only those sites where timely surgical support is available.

A hemodynamic aspect of pECLS treatment is that the increased afterload caused by the retrograde nature of the flow and small arterial cannulas might cause insufficient hemodynamic support, leading to pulmonary edema and prolonged weaning (21–24). Ongoing hemodynamic instability was one of the main reasons leading to a switch to cECLS in our study cohort. cECLS can help overcome some specific hemodynamic problems of pECLS, particularly a decrease of afterload, facilitating antegrade flow and additionally enabling optional left ventricular unloading. It might be hypothesized that an individual and differentiated hemodynamic approach with additional microaxial pumps, even if more invasive (e.g., ECMELLA), seems to be advantageous in mechanical ECLS for left ventricular unloading (25, 26). This concept is currently under investigation in the prospective, randomized UNLOAD-ECMO trial.

Major bleeding is reported to occur in approximately one-quarter of all ECLS candidates (27). In keeping with this trend, bleeding was a major issue in our pECLS cohort, which led to a central switch. Severe complications leading to cECLS escalation occurred in the acute phase after the implementation of pECLS. The statement that patients with known or acquired bleeding disorder might benefit from a primary/first-line cECLS strategy sounds hypothetical, but it might be a part of a decision algorithm.

The survival rate after 30 days in contemporary ECLS trials is reported to be as low as 50%, with an even reduced survival rate of only 23.5% at 1 year (5, 28). In our retrospective cohort, cECLS was associated with a 30-day mortality rate of 63.8%, rising to 70.7% after 6 months. The mortality rate among those patients who were treated with cECLS as a secondary strategy was higher than that among those treated with primary cECLS. In those who received cECLS as a first-line strategy, the long-term mortality rate was 53.3% after 6 months. In combination with the finding of younger patients (<55 years) to be more likely to enjoy survival benefit in our analysis, these data support the utility and feasibility of this concept in select patients.

The phenotype of CS can include right ventricular and/or left ventricular failure and subsequently necessitates an appropriate mechanical support. Right ventricular failure is characterized by central venous pressure (CVP) >15 mmHg, pulmonary pulsatility index <1.85, and right atrial to pulmonary capillary wedge pressure (PCWP) ratio (RA/PCWP) >0.8 (29). Left ventricular failure is defined as systolic blood pressure (SBP) below 90 mmHg or mean atrial pressure below 60 mmHg or more than 30 mmHg drop with inotropes/vasopressors, respectively. Additional parameters are cardiac index <2.2 L/min/m2 and cardiac power output <0.6 W and PCWP > 15 mmHg. A consideration of these invasive hemodynamic parameters can help identify patients with biventricular failure, although prospective data supporting this approach are not available (30).


4.1. Clinical flow chart

A flow chart to support individualized clinical decision-making for escalation strategies in CS is given in Figure 3. The basic consideration of the here proposed algorithm is that all ECLS therapies should be indicated as a bridge to heart and/or lung transplantation, durable mechanical circulatory support, recovery, or shared decision-making (31) to avoid therapeutic futility.


[image: Figure 3]
FIGURE 3
Decision algorithm for cannulation strategies in critical cardiogenic shock with the need for ECLS (visual take-home graphic). cECLS, central venoarterial extracorporeal life support; cECMELLA, central ECLS plus percutaneous microaxial pump; ECLS, extracorporeal life support; BiVAD, temporary percutaneous selective biventricular assist device; pECLS, peripheral venoarterial extracorporeal life support; pECMELLA, peripheral ECLS plus percutaneous microaxial pump; pRVAD, temporary percutaneous right ventricular support; scECLS, semicentral venoarterial extracorporeal life support; scECMELLA, semicentral ECLS plus percutaneous microaxial pump.




4.2. Limitations

The main limitation of this study is the retrospective, single-center design and the lack of digital patient charts during the analysis period. The mean age of the overall cohort was comparatively young, which represents a possible selection bias for this escalation therapy. Moreover, not all patients underwent comprehensive hemodynamic monitoring; therefore, decision-making in the current cohort could not be supplemented by additional data. Prospective randomized trials are needed to identify indications and cannulation strategies for cECLS therapy.




5. Conclusion

Surgical cannulation for central ECLS is a feasible therapeutic option for carefully selected patients presenting with refractory CS and might be implemented as an additional strategy in reputed centers.
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