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ECMO is increasingly used in cases of acute cardiac and lung failure refractory to conventional 

treatment. ECMO may allow the dysfunctional organs to recover, or to provide a “bridge-to-decision” 

approach for more advanced treatment.1-5 The quick availability, ease of application, and reliability 

have made ECMO a more attractive option compared to other implantable or para-corporeal VAD6-

11, particularly in the PC setting.1-5 PC cardiogenic shock has become the most frequent indication for 

ECMO in the United States3, but, its exponential increase did not parallel improved clinical 

outcomes.5,12 Reports addressing PC-ECMO are limited, with only a few single-centre experiences 

available in the literature13-36, commonly including adult and pediatric populations in the same series, 

or combining the PC-ECMO cases with the institutional global ECMO experience.37-54 

The prevalence of ECMO implementation in PC patients ranges between 0.4% and 3.65%.1-5 

Maxwell and colleagues evaluated more than 9,000 ECMO patients in the Nationwide Inpatient 

Sample database in United States from 1998 to 2009, and 4,493 patients had PC-ECMO, representing 

almost 50% of the total number of cases although a relative decrease during years was observed.4 

McCarthy confirmed this decline in PC-ECMO from 2002 (56.9%) to 2011 (37.9%) analyzing the 

same database.2 Nevertheless, PC-ECMO represented the most common indication for every year 

analyzed in this study indicating that, in absolute numbers, PC continues to represent the most 

frequent scenario for ECMO use.2 Recently, the data from the ELSO Registry, which includes almost 

90,000 ECMO adults and children cases, have confirmed the substantial rise in PC-ECMO use, 

particularly during the last 2-3 years.5  

Concerning the patients’ characteristics, although PC-ECMO candidates are predominantly young 

and undergoing emergency operations16, elderly patients are increasingly considered for such a 

mechanical support. Age of >65 years has not been regarded as an absolute contraindication to V-A 

or V-V ECMO candidacy55,56, although long- term outcomes remain unreported. Other clinical 

characteristics include renal insufficiency, AMI, presence of left-main disease, LV dysfunction, 
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prolonged history of coronary artery disease with previous AMI, prior open heart surgery, and urgent 

or emergent status.16 PC-ECMO is most frequently associated with CABG patients, followed by valve 

surgery, and combined valve/coronary surgery. Noteworthy, in several series, acute aortic dissection 

repair did not represent a contraindication to PC-ECMO. Primary graft failure represents the most 

common causes of death after native Htx, followed by RV failure, and acute rejection or sepsis.57 

ECMO use post Htx has been reported as high as 10%-15%.58- 60 The use of more marginal donor 

hearts may predispose to the need for PC-ECMO. Notably, Listijono and colleagues showed that its 

use apparently does not influence primary graft recovery or patient survival to discharge.61 After VAD 

implantation, RV failure may occur in up to 25% of the supported patients.62,63 PC-ECMO is often 

considered in this setting to support the RV while it recovers, or, to bridge to RVAD, when 

necessary.63,64  

In a variety of ECMO series, the most common indication for PC-ECMO is the inability to wean from 

CPB, followed by refractory cardiogenic shock (defined also by degree of chemical support/inotrope 

score) and cardiac arrest in the intensive care unit.13-34 Unless a detailed analysis of the causes or 

conditions which required the PC-ECMO are missing, it is evident that the use of ECMO for PC 

cardiac arrest has been more frequently considered during the last 10 years, with a constant increase 

over time65 with promising results as reflected by latest 2017 Society of Thoracic Surgeons Expert 

Consensus for the Resuscitation of Patients Who Arrest After Cardiac Surgery.66  

Location of ECMO implantation is influenced by the indication for implant, cardio-circulatory or 

respiratory needs, and availability of the ECMO circuit, staff, and the patient’s condition. 

Implantation in the operating room occurs most frequently, followed by the ICU, with rare placement 

on the ward. The timing of ECMO implantation after surgery is dictated by the patient’s condition, 

e.g. during cardiac arrest vs. as cardiogenic shock-related conditions, and, occasionally, by the 
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logistics of gathering the ECMO team and the ECMO system. Delayed identification of diagnosis 

and clinical status of the patient may influence the time of implantation.29  

In spite of the presence of an already available surgical access (sternotomy or thoracotomy) for central 

cannulation, the peripheral approach for ECMO implant is more commonly used. The peripheral 

cannulation has been the only access employed in three series20,25,28, whereas a central approach was 

the unique access in one experience.27 Open peripheral cannulation (vs percutaneous cannula 

placement) was chosen in the majority of the series17,25,27 and has been associated with fewer 

complications than the percutaneous approach.25,27 Rastan and associates showed that femoral venous 

drainage was associated with worse prognosis suggesting that suboptimal right sided decompression 

had a negative impact on ECMO flow and management.21 In contrast, central cannulation has been 

associated with higher rates of bleeding and continuous V-V hemofiltration rates as compared to the 

peripheral access.43 Alternative approaches, e.g arterial inflow via the subclavian artery with either 

peripheral18,19,31,67 or central68 cannulation for venous return, are additional configurations. The 

benefit of central cannulation lies in improved decompression of heart chambers and antegrade flow 

from the proximal aorta. It is often associated to the chest open to allow the unimpeded exit of the 

atrial and aortic cannulas and/or to prevent any mechanical cardiac compression, which might inhibit 

venous return, a situation which can last for days, particularly in the face of RV failure with slow 

recovery.21,26 In the case of central cannulation, atrial and aortic cannulas may be tunneled to exit at 

the subxyphoid region, which allows sternal closure and may allow patient extubation and 

mobilization after surgery in case of prolonged support, but it may impede adequate cardiac filling 

during weaning. In case of an expected short-term support with an expeditious recovery, jugular exit 

sites might be contemplated by mobilizing the sternocleidomastoid muscle insertion and extending 

the upper sternal incision with a Y towards the head of the patient. This approach allows the aortic 

and atrial cannulas to lay vertically, exiting cranially without impinging on the heart during weaning 
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tests prior to re-sternotomy. The use of right anterior mini- thoracotomy for ascending aorta, right 

atrium and pulmonary vein (for venting) access, has also been reported.69,70  

With regards to femoral access, the so-called “pseudo-percutaneous approach” may be applied, with 

surgical exposure of the femoral vessels, and the cannulas are tunneled through an inferior thigh 

incision , allowing the closure of the skin.70,71 Dilatation of the LV due to insufficient ejection either 

for absent LV contractility or high afterload secondary to high retrograde ECMO flow towards the 

aortic valve , may lead to blood stasis in the left-sided cardiac chambers with a risk of stasis and an 

elevated LVEDP causing pulmonary edema, hypoxia and clot formation in the LV or LA. V-A ECMO 

usually results in effective right-sided cardiac drainage, but may not be as effective in decompressing 

the left chambers. In these circumstances, the addition of catheter drainage, specifically in the left 

cardiac cavities, may be warranted to fully decompress the cardiac left side. Cannula placement in 

the pulmonary artery or the use of a concomitant IABP may be sufficient, but not in all the cases. The 

use of suction device or surgically placed catheter in the LA or LV may be a mandatory approach to 

obtain effective LV decompression72,73, although the clinical benefit of LV decompression is yet to 

be proven.  

Another controversial issue is the benefit of concomitant use of IABP during ECMO support. It 

ranges from 12% to 100% of the ECMO cases, underlining the heterogeneity of the patient’s disease 

and the lack of certainty regarding the benefits of the combination of ECMO and IABP support.74 In 

most instances, IABP represents the first line of support used in the operating room when facing 

failure to wean from CPB or when perioperative cardiac dysfunction appears soon after CPB weaning 

in the operating room or ICU. 27 In ECMO, the IABP is usually used to enhance the flow pulsatility 

while decreasing afterload, and thus, enhancing LV ejection and aortic valve opening. This reduces 

left heart chamber-related blood stasis by increasing ejection while simultaneously increasing 

coronary perfusion.19,20,71,75 Nevertheless, in patients fully supported by PC-ECMO, IABP benefit 
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may be limited,31,32 and, with peripheral PC-ECMO, the IABP may be competing for femoral arterial 

access. In a few PC-ECMO series, IABP use was linked to improved survival16,21, whereas no survival 

difference was found in many others.18,22,23,25,26,39,46 It deserves mention that the presence of IABP did 

not increase the risk of limb ischemia, as those authors uniformly using IABP in PC-ECLS showed 

no or very low rates of leg-related complications.13,20,24  

In some cases, the need for perioperative ECMO may be predictable, due to the poor clinical 

conditions of the patients thereby presaging unmanageable cardiac failure post CPB. In such a setting, 

a timely ECMO initiation77, even including its prophylactic use, may provide significant benefits 

despite the associated high risk of complications. It allows a smoother perioperative course with 

reduced need for vasopressors and the avoidance of severe hemodynamic instability, with further 

cardiac, lung and multi-organ deterioration.  

The use of inotropes or vasoactive drugs remain another controversial issue in PC-ECMO. Enhanced 

cardiac contraction may be helpful to prevent intracardiac stasis and permit ECMO weaning78, but it 

may further increase the myocardial work, oxygen consumption and recovery. Recently, it was shown 

that pre-treatment with Levosimendan (Symdax, Abbot) seems to facilitate weaning from V-A 

ECMO, reducing the need for high-dose inotropes.79  

ECMO duration varies a great deal among published literature for PC-ECMO series, but rarely are 

patients supported longer than 15 days. Several investigators advocate short (48-72 hours) support 

and, if insufficient recovery occurs, to implement a more advanced mechanical support, particularly 

if the patient is not an ideal candidate for HTx.16,21,26 The availability of a VAD may, however, not 

be present in all cardiac surgery centres, underlining the need for close relationships with heart failure 

center (with VAD and HTx programs) for all cardiac centers without such programs, to facilitate 

patient referrals when indicated. Longer durations on ECMO may be effective in some specific cases, 
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e.g. after heart transplantation, to allow myocardial recovery or resolution of refractory pulmonary 

hypertension.15  

Complications in ECMO patients are common and frequently determine the final outcome.80 Bleeding 

represents the most frequent complications in PC-ECMO, occurring in up to 90% of patients in some 

series.13,19 It is well-known that PC-ECMO patients are at high risk for hemorrhagic events due to the 

combination of surgery-related bleeding magnified by the use and need of heparinization for the 

ECMO circuit. Many investigators advocate the avoidance of heparin infusion for the first 12-48 

hours in PC-ECMO.17,20 Heparin can be held for even longer periods in the case of continued bleeding 

postoperatively.15,17,20,21,23,29,46 Along with bleeding, there are additional adverse events that are 

similar to other ECMO settings, but the rates are higher in PC-ECMO as a result of the preceding 

CPB run and the cardiac surgery operations. CNS complications in V-A and V-V ECMO have 

recently been shown to occur in 15% and 7% of adult patients, respectively.81,82 In PC-ECMO, these 

rates appear to be much higher, occurring in up to 30% of patients.13,15,16,20 A high level of suspicion, 

appropriate neuro-monitoring, and ECMO management modification83 may influence CNS 

complications. Renal failure and leg ischemia rates at a rate similar to other indications for ECMO. 

The use of ipsilateral distal perfusion cannula reduces the leg ischemia-related events.21 Delay in 

cannula placement, triggered by signs of ischemia, may lead to a reperfusion injury with a poor 

outcome27. Femoral artery access can be achieved by cannulating a Dacron or Hemashield prosthetic 

graft (6–8 mm) anastomosed end to side onto the femoral artery thus maintaining arterial flow to the 

ipsilateral lower limb20. In PC-ECMO, continuous monitoring of the adequacy of limb perfusion is 

no different from the management applied to other ECMO settings with peripheral arterial access.70  

Successful weaning from PC-ECMO varies amongst published series, ranging from 31% to 76%, 

with almost half of the experiences showing a weaning rate at or slightly above 50%, but hospital 

discharge ranges from 16% to 52%, with less than 30% of centers reporting a survival rate above 
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40%. In fact, despite a dramatically improved technology and management experience, the PC-

ECMO-related survival has not improved in the last 20 years.23 Based on the most recent report from 

the ELSO Registry database on PC-ECMO5 a gradual decline during the most recent years has 

occurred, reaching 15% survival in the most recent era. Transition from ECMO to VAD support or 

HTx appears to improve in-hospital survival, as shown by Smedira and coworkers.16 They found a 

75% short-term survival in patients supported by VAD after a short ECMO run.16 However, the 

employment of VAD placement to wean from PC-ECMO has not been reported in more than 17% of 

patients in any series, with VAD/HTx centers using this capability in only 4%-6% of ECMO 

supported patients.  

Multi-organ system failure, despite recovery from cardiac failure, appears to play a significant role 

in PC-ECMO patients, occurring even after successful ECMO weaning, mostly due to sepsis and 

infection.19,20  

The cause of death may be misleadingly interpreted in ECMO patients, as reported by Rastan and 

associates who showed that an unexpected cause of death was found in almost 30% of autopsies, and 

an unrecognized concomitant illness was determined in 80% of the patients.84 Overall, that study 

showed that mortality was cardiac in origin in over 60% of patients, multi-organ system failure in 

10%, and due to neurologic complications in 5%.84  

The survival of patients on PC-ECMO after Htx appears favorable, allowing recovery of the graft in 

most patients.85 Takeda and colleagues recently compared patient outcome after primary graft failure 

with PC-ECMO support versus VAD implantation, and showed that PC-ECMO had significantly 

better outcomes, particularly with respect on post-implant re-thoracotomy for bleeding (30% vs. 70%, 

p<0.01), renal replacement therapy (11% vs. 53%, p<0.01), duration of support (5.2±3.9 days vs. 

14±17 days, p=0.011), and higher weaning rates (89% vs. 59%, p=0.03), with a trend towards better 

survival-to hospital-discharge (41% vs. 19%).86  
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Long-term outcomes after hospital discharge appears favorable, with the vast majority of patients still 

alive at 1-year follow-up. Saxena and colleagues showed that in a high-risk cohort of patients over 

70 years of age, survival was 69% at 3 years, and 51% at 5 years, confirming the good post-discharge 

prognosis of PC-ECMO patients, even if with older age.29  

Patient age and survival requires a distinct discussion in the context of PC-ECMO, as many patients 

eligible for such support are elderly. In an analysis of patients older than 65 versus younger subjects 

supported by ECMO for PC refractory cardiopulmonary failure, Narotsky found unfavorable survival 

to discharge and at one year (30%) in elderly patients.49 When the analysis was adjusted for 

confounders, however, age turned out not to be statistically significant as a predictor for in-hospital 

death, though a trend for increased risk was still present. A linear relationship between mortality and 

age has been demonstrated, but an age cut-point could not be identified.22 Satio and colleagues 

analyzed 91 patients submitted to emergency ECMO for a variety of reasons including PC, and found 

that age was not a predictor of mortality, indicating that elderly patients, although needing more time 

to recover, can benefit from ECMO3.9 Although a recent large database evaluation has shown that 

older patients undergoing ECMO implant for cardiac or respiratory indications have indeed a 

significantly worse prognosis, nevertheless, the data does not support older age as an absolute 

contraindication to PC-ECMO87.  

Prediction of PC-ECMO weaning and survival has been addressed by several investigators.13- 34 Pre-

implant, intra-operative factors, as well as post ECMO events and the patient’s physiologic response 

to circulatory support, all play a critical role in the final outcome. Among pre-ECMO factors, ECPR, 

or ECMO institution during a cardiac arrest, was a strong negative predictor in several 

experiences.13,15,29 In other series, neither CPR nor the time spent in resuscitation had significant 

effect on survival.17,31,32 Lactate concentration at the time of ECMO initiation or its highest level at 

12 or 24 hours post ECMO18,21,25,28,29,34,36,42,80, renal and liver failure88-90, respiratory failure91,92, and 
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duration of ECMO 15,17,25,26 may influence the outcome. No significant survival effect of hospital 

location at time of ECMO institution was observed, e.g. operating room, ICU, or ward.26  

The use of V-V ECMO has been increasingly employed as therapy for primary, refractory respiratory 

failure as a result of the outcomes seen in CESAR trial.93 There are very few reports, however, 

specifically addressing the use of V-V configuration for PC-ECMO in PC patients. Nakamura and 

colleagues explored the outcome of V-V ECMO in 11 PC patients after various cardiac surgery 

procedures and with ages ranging from 35 to 83 years.65 This series has shown a favorable overall 

outcome (7 patients discharged, 63.6% survival), with age as the only predictor of a poor prognosis. 

Interestingly, Song and co- workers recently reported their experience in 13 PC patients supported 

with V-V PC-ECMO for ARDS, with age playing no role in predicting survival (overall in-hospital 

survival 69.3%).66 In this series, 7 patients received V-V PC-ECMO within 24 hours from surgery, 

the remainder (6 patients) at a median of 8.5 days (range 5-16) from surgery. The RESP score94 proved 

to be a good predictor of survival, (100% in class III, 50% in class IV, and 20% in Class V). 

Noteworthy, in this experience, septic shock was responsible for all deaths while on ECMO.  

Based on the usual rate of respiratory complications following cardiac surgery (prolonged ventilation 

occurs in approximately 10% of patients, cite STS report) it appears that there is a paucity of published 

reports on V-V ECMO therapy for this complication. 91,92 Further research is needed to understand 

the indications for V-V PC-ECMO, e.g avoiding ventilation-induced lung injury, improving gas 

exchange, and decreasing systemic ischemia.  

 

Aim and outline of the thesis 

The purpose of this thesis was to analyze the in-hospital outcome (survival and complications 

occurrence) of ECMO in the treatment of PC shock. To achieve this goal, several investigations were 
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performed, by means of original studies, meta-analysis and reviews. Two single institution 

experiences (ISMETT hospital in Italy and University of Maastricht Medical Centre in Netherlands) 

were retrospectively reviewed in order to assess the results of ECMO in PC-Shock after heart 

transplantation and different type of cardiac operations, respectively. Noteworthy, survival and 

complications occurrence after central and peripheral cannulation were analyzed in a meta-analysis 

and this represent the unique attempt in the literature to address this issue. Outcome of ECMO use 

after complicated trans-aortic valve implantation were also reviewed. Lastly, the novel application of 

a pulmonary artery cannula in combination with ECMO support in patients with right or biventricular 

failure and acting both as drainage or inflow system were retrospectively analyzed.   
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 CHAPTER 2 

 

Heart Transplant Program at IRCCS-ISMETT:  

Impact of Mechanical Circulatory Support on Pre- and Post -Transplant Survival 
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Abstract 

Background. Heart transplantation (HTx) improves the quality of life and survival in patients 

affected by end-stage heart failure. The purpose of the current study is to present the patients’ clinical 

data and results of HTx in a single Center of Sicily. Focus on survival after pre and post HTx 

mechanical circulatory support use will be performed.  

Methods. 133 HTx were done from 2004 to the end of 2015.The average donor age was 34±13.5 

years and the proportion of male donors was 67%. Percentage of use of mechanical circulatory 

support to bridge patients to HTx was 18%.  

Results. Overall pre-transplant mechanical circulatory support was not correlated to worse post-

transplant prognosis, p=0.757. Severe primary early graft failure requiring extra corporeal membrane 

oxygenator support strongly impact the early mortality after heart transplantation (p<0.001).  

Conclusions. The results of HTx at ISMETT are comparable to those reported in high volume Italian 

transplant centers as well as in the ISHLT registry. The favorable outcome can be related to focus on 

multidisciplinary approach, strict recipients’ selection and young donor population. Post HTx 

mechanical circulatory support use in general remains associated with worse post-transplant 

outcomes. This does not apply to pre-op mechanical circulatory support population. 
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Heart transplantation (HTx) improves the quality of life and survival in patients affected with end-

stage heart disease that is not treatable with more conservative measures [1]. The first HTx at 

ISMETT (Istituto Mediterraneo per i Trapianti e Terapie ad alta specializzazione) was performed on 

October 20, 2004, and by the end of 2015, the institute had done one hundred thirty-three HTx. 

The purpose of this report is to present the patients’ clinical data, and the results of HTx at ISMETT. 

Focus on pre and post HTx mechanical circulatory support (MCS) use will be analyzed.  

 

Methods 

The study was approved by the IRRB of the “Istituto Mediterraneo per i Trapianti e Terapie ad Alta 

Specializzazione”, IRCCS-ISMETT).  

Statistical analysis. Data were collected retrospectively, and continuous and categorical variables are 

expressed as the mean±SD, and as percentage, respectively. The Kaplan-Meier method and the log 

rank test were used to estimate the survival.    

Procurement and transplantation. Celsior cardioplegic solution was used for the procurement of the 

donor hearts, with the infusion of one liter of solution to achieve the plegic arrest, and one liter in the 

bag for the transport. Most of the transplants were performed using the bicaval technique. 

 

Results 

Heart transplant donor and recipient characteristics. Donor demographics for adult recipients since 

2004 are presented in Table 1. The mean donor age was 34±13.5 years, and the proportion of male 

donors was 67%. The leading cause of donor death was head trauma (52.7%). The average male and 

female recipient age was 50±11 years and 45±11 years, respectively. Approximately 85% of primary 

transplant recipients were male. Coronary artery disease (62 patients, 47%) and cardiomyopathy (39 

patients, 29%) were overwhelmingly the leading underlying heart disease diagnoses (Fig. 1).  
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Percentage of use of MCS by means of left- (LVAD) or bi-ventricular assist device and extracorporeal 

membrane oxygenation to bridge patients to transplant was 18%. Details of HeartWare® (HeartWare 

Inc., Framington, MA) continuous flow left ventricle assist device experience performed at IRCCS-

ISMETT have been previously published [2-4]. Pre-operative intra-aortic balloon pump (IABP) use 

was 8.2%. The average ischemic time was 173.2±55.4 minutes (≤120 minutes in 29 patients [21.8%]; 

>120 minutes and < 180 minutes in 40 patients [30%]; ≥ 180 minutes and ≤ 240 minutes in 49 patients 

[36.9%], and > 240 minutes in 15 patients [11.3%]). No retransplantation has been performed at out 

institute.  
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Early graft failure. Early graft failure (EGF) was defined and classified according to the recent 

International Society for Heart and Lung Transplantation criteria [5]. The overall EGF rate was 40%, 

and the primary and secondary EGF rate was 30% and 10%, respectively. Pulmonary hypertension 

(57.1%) and bleeding (21.4%) were the major causes of secondary EGF. The high inotropic score [5] 

and the IABP use after HTx defined the moderate EGF (21.6%). The rate of severe EGF, requiring 

circulatory assistance, was 18.4%.  ECMO was the support of choice, utilized in all cases as bridge 

to recovery. ECMO cannulation was done either peripherally through the femoral vessels or centrally 
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by sternotomy. ECMO support was weaned in 84% of cases. Patients on ECMO were treated 

according to our institutional protocols [6], with 1) low dose of adrenaline (0.05 mic/kg per minute) 

to optimize residual cardiac function; 2) femoral IABP placement to allow aortic valve opening, 

decompressing the left ventricle, and increasing coronary flow; 3) low dose of vasoconstrictor 

(noradrenaline or vasopressin), and careful fluid balance to avoid fluid overload;  and 4) 

transesophageal echocardiography monitoring of aortic valve opening, mitral regurgitation, and left 

ventricle distention [6]. 

Survival. For all 133 adult heart transplants, 1-year survival was 83%, and 5-year survival was 81%. 

Hospital mortality was 14.2% (19/133). Overall pre-transplant MCS was not correlated with worse 

post-transplant prognosis, p=0.757 (Fig. 2). Both pre-operative ECMO and LVAD use did not affect 

post-transplant survival (p=0.234 and p=0.143, respectively (Fig. 2).  
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Severe primary EGF strongly impacted early mortality after heart transplantation (p<0.001, Fig. 3).  
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Excluding the 90-day mortality, the survival between patients with EGF and those without was 

similar (p= 0.693, Fig. 4).   
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Both EGF and mortality risk of patients receiving an “out of region organ” (longer ischemic time, 

often greater than 240 minutes [7]) were higher (p<0.001) when compared with those receiving an 

organ procured in Sicily (Table 1). 
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Cause of death. The leading causes of death for all transplant recipients were infections (41.9%), 

multiple organ failure (22.5%), and irreversible acute graft failure (9.6%), while malignancy (9.6%) 

and arrhythmia/sudden death became progressively more important after 3 to 6 years. Eight patients 

suffering from severe EGF in which ECMO support was weaned died because of infections (5/8 

patients) and multi organ failure (3/8 patients). 

Immunosuppression and rejection. Immunosuppressive induction strategies included anti-thymocyte 

globulin or basiliximab according to date of transplant. Since 2014, induction is no longer routinely 

used at our institute. Maintenance immunosuppression included tacrolimus as the preferred 

calcineurin inhibitor, and mycophenolate mofetil/mycophenolic acid as the preferred cell-cycle 

inhibitor. The incidence of any rejection requiring acute treatment and hospitalization [8, 9] was 

13.2%. 

Morbidity. Hypertension (21.4%), renal dysfunction (14.8%), diabetes (2.4%), and cardiac allograft 

vasculopathy (CAV, 7.55%) were the most common post-transplant morbidities. Incidence of 

malignancy was 9% and included lung, kidney, and skin cancer (1.6% each) and post-transplant 

lymphoproliferative disorders (2.4%). 

 

Discussion 

The results of HTx at ISMETT are comparable to those reported in high volume Italian transplant 

centers [10], as well as in the ISHLT registry [1]. The favorable outcomes could be attributed to our 

focus on a multidisciplinary approach, strict selection and work-up of recipients, and a young donor 

population. Head trauma, the most frequent cause of donor death in our series, may also play a role 

in the long-term outcome [1]. However, the longer ischemic time for organs procured outside of Sicily 

increased the EGF rate and early mortality risk of HTx recipients. Post-op MCS use, in general, is 

associated with worse post-transplant outcomes [1], while association with worse outcomes with pre-

op use is a matter of controversy. In our series, pre-op MCS use, with application of a continuous 
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flow device, and our experience in the management of patients supported with ECMO before and 

after HTx [6] resulted in a lower risk of adverse outcome. 

CAV remains a major cause of long-term morbidity and mortality after HTx [1], though in our series 

there was a low rate because of the relatively short follow-up time. 

In conclusion, HTx is the most successful and effective method of managing patients with end-stage 

heart failure refractory to conventional therapies.  Excellent results can be achieved even in centers 

with low to moderate HTx volumes. Wise application of new MCS technologies, both pre- and post-

transplant, may improve the results, allowing a bridge to transplantation for unstable patients or a 

bridge to recovery and survival after severe EGF. 
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Abstract 

Objectives. The use of post-cardiotomy extracorporeal life support (PC-ECLS) has increased 

worldwide over the last years, however a concurrent decrease in survival to hospital discharge has 

also been observed. Use and outcome of PC-ECLS at the Maastricht University Medical Center 

(MUMC+) was analysed. 

Design. A retrospective study of a single-centre PC-ECLS cohort was performed. Patient 

characteristics and in-hospital outcomes were evaluated. 

Setting. Patients who underwent PC-ECLS due to intra- or peri-operative cardiogenic shock or 

cardiac arrest were included. Descriptive statistics, frequency analysis, and testing of group 

differences were performed. 

Participants. Eighty-six patients who received PC-ECLS between October 2007 and June 2017 were 

included. Mean age of the population was 65 years (range 31-86 years), 65% were male.  

Main outcome measures. Survival and bleeding rates were calculated. PC-ECLS management data 

and complications were also assessed. 

Results. Pre-ECLS procedures were isolated coronary artery bypass grafting (CABG) (22%), isolated 

valve surgery (16%), thoracic aorta surgery (4%), a combination of CABG and valve surgery (21%) 

or other surgery (24%). PC-ECLS was achieved via central cannulation in 17%, peripheral 

cannulation in 65%, or by a combination in 17%. Median PC-ECLS duration was 5.0 days (IQR 6.0). 

Weaning was achieved in 49% of patients, whilst 37% survived to discharge. Postoperative bleeding 

(overall rate 42%) showed a trend towards a reduced rate over more recent years. 

Conclusions. Our experience confirms an increased use of PC-ECLS during the last 10 years and 

shows a trend of improved PC-ECLS-related bleeding rates and survival to hospital discharge over 

this period.  
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Introduction 

The prevalence of post-cardiotomy extracorporeal life support (PC-ECLS) reported in the literature 

varies between 0.6% and 2.6% of all cardiac surgical cases.1,2 Indications for PC-ECLS usually 

include intra-operative failure to wean from cardiopulmonary bypass due to perioperative left, right 

or biventricular failure, or refractory cardiogenic shock/cardiac arrest in the postoperative period.1-6  

Recently, The Extracorporeal Life Support Organization (ELSO) Registry reported a remarkable 

increase in the use of ECLS as a supportive therapy after cardiac surgery. 3, 7-8 However a 

disappointing trend was observed with regards to the in-hospital survival rate, reaching only 15% in 

the latest period.3 Furthermore, despite this increase in use and new technological developments in 

this area, only a few comprehensive and dedicated reports about PC-ECLS have been presented. 1,2,4,5 

PC-ECLS, however, has represented the main indication for ECLS utilization 7,8, and is characterized 

by specific aspects (duration and type of underlying disease, severity of comorbidities, indication and 

type of surgical procedure, modality of access and timing of implant, complication types and rates) 

when compared to other ECLS indications. Often these aspects are exacerbated when there is limited 

experience in these procedures, particularly in centres without well-established ECLS programmes. 

All of these factors may potentially influence ECLS management and final outcomes in post-

cardiotomy patients, and make this particular setting one in which there are higher risks for 

unfavourable results.3 Careful evaluation of patient features, complication rates and management, and 

in-hospital outcomes according to accumulated experience should provide meaningful information to 

assess centre performance. Furthermore, analysis of overall and trends of outcomes will hopefully 

indicate further areas of improvement to improve the ECLS results. 

For these reasons, we reviewed the PC-ECLS series in our centre to elucidate patient characteristics 

and outcome throughout the last 10 years of experience. In doing so, we are able to highlight both 

positive and negative aspects, with the aim of indicating areas of strength or weakness of the overall 

PC-ECLS performance.  

Methods 
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Patients from a single institution (Maastricht University Medical Centre [MUMC+], Maastricht, The 

Netherlands) who received ECLS, in the form of veno-arterial mode after cardiac surgery between 

October 2007 and June 2017 were included in this study. Data was retrospectively collected from 

hospital records including both surgery reports and intensive care unit data.  

Inclusion criteria were age ≥18 years old and cardiac surgery prior to ECLS. Indications for ECLS 

consisted of intra-operative failure to wean from cardiopulmonary bypass due to right, left or 

biventricular failure, and postoperative refractory cardiogenic shock or cardiac arrest during the 

hospitalization following the surgical procedure. 

Patients with preoperative ECLS were excluded from the analysis.  

The main outcome variables were survival to hospital discharge and postoperative bleeding rate.  

Statistical analysis.  

In-hospital survivors and non-survivors were compared. The Shapiro Wilk test was used for 

normality testing of continuous variables. All variables were analysed with descriptive and frequency 

analysis. Chi-square Test and Fisher’s Exact Test were used to compare group differences for 

categorical variables. Continuous variables were analysed by using the Mann Whitney U-test and 

were reported either as mean ± standard deviation or as median ± interquartile range. A p value < 

0.05 was considered a statistical significant difference between the groups. Variables that achieved a 

P-value of less than 0.2 in the univariate analysis were examined by using multivariate analysis with 

forward stepwise logistic regression to evaluate independent risk factors for the hospital mortality. 

The survival and bleeding rates were calculated, defining the respective trends over time. All 

statistical tests were performed with IBM® SPSS Statistics® software (Version 23.0. Armonk, NY: 

IBM Corp). 

 

 

Results 
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During this 10-year period, 86 patients who were admitted to our hospital for cardiac surgery, 

received PC-ECLS. The mean age was 65 years (range 31-86 years, with 28 patients with age between 

70 and 80 years, and 5 patients older than 80 years), and the majority of the subjects were male (65%). 

All preoperative patient characteristics and details about cardiac disease are presented in Tables 1 

and 2, respectively.  
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The most common cardiac disease in this patient cohort was coronary artery disease, followed by 

aortic valve disease and mitral valve disease.  

No differences between survivors and non-survivors were found in terms of preoperative co-

morbidities as well as in relation to preoperative left or right ventricular dysfunction, cardiogenic 

shock or cardiac arrest.  

Type A aortic dissection was not considered a contraindication for PC-ECLS. However, no in-

hospital survivors were observed in this patient subgroup.  

Operative procedures prior to ECLS are shown in Table 3. Previous cardiac surgery was reported in 

20% of the patients, and most patients received elective surgery before ECLS cannulation. Only the 

combination of coronary artery bypass grafting with mitral valve surgery showed a statistical 

significant difference (p<0.033) with regards to in-hospital mortality. Cardiopulmonary bypass time 

was longer in non-survivors, whereas aortic cross-clamping time was lower compared to in-hospital 

survivors. Both variables, however, did not show any significant difference between groups. 
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ECLS implant and weaning details are shown in Table 4. The most frequent indication for ECLS in 

this cohort was failure to wean from cardiopulmonary bypass. Indeed, the majority of the ECLS runs 

were commenced in the operating room directly after surgery, with the remaining cases started in the 

intensive care unit. Peripheral cannulation represented the majority of ECLS catheter access, followed 

by similar rates between central or combination of central arterial and peripheral venous cannulation. 

Cannulation strategy did not appear to influence survival in this particular patient cohort, as 

summarized in Table 4. The additional support to ECLS with intra-aortic balloon pump (IABP) was 

used in 25% of the patients to favour left ventricular unloading and opening of the aortic valve, as 

well as to increase coronary flow.  

Patients were kept on ECLS for a median duration of 5.0 days (IQR 6). For in-hospital survivors this 

was 6 days (IQR 5) and for in-hospital non-survivors this was 4 days (IQR 6). This difference proved 

not to be statistically significant.  
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The use of PC-ECLS was associated with several complications (Table 5). Post-operative cardiac 

arrhythmias and bleeding, followed by acute renal injury, right ventricular dysfunction, sepsis, and 

major neurological impairment were the most common complications. Interestingly, atrial fibrillation 

was more common in the group of in-hospital survivors, whilst ventricular fibrillation was seen more 

often in the group of in-hospital non-survivors. Re-thoracotomy was performed in the majority of the 

patients, mostly due to bleeding complications and suspicion of cardiac tamponade.  
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Interestingly, the bleeding and re-thoracotomy decreased in the last two years (Figure 1).   

 

Major neurological impairment was observed in 20% of cases. Postoperative vasoplegic syndrome 

was a frequent event with a significant difference between survivors and non-survivors (Table 5).  

Overall, successful ECMO weaning was possible in 49,4% of the cases, whereas survival to hospital 

discharge was achieved in 37% of the cases. The main reason for death was a cardiac event, followed 

by multi-organ failure and neurologic complications. A positive trend towards improved in-hospital 

survival was observed over the course of the study period (Figure 2). 
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At multiple logistic regression analysis, age > 65 years and postoperative arrhythmia were 

independent risk factor for mortality (Table 6). 

 

Discussion 

Our 10-year experience shows that 1) PC-ECLS use is increasing and can be widely used in all post-

cardiotomy scenarios; 2) the results of this temporary support can be improved with increasing case 
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volume and centre expertise, as well as with better control of PC-ECLS related complications and 

management;  3) underlying cardiac disease and the corresponding cardiac procedure as well 

emergency, reoperation, endocarditis, do not influence the hospital mortality, except from ECLS in 

acute aortic dissection; 4) the ECLS configuration (central vs. peripheral cannulation) and the use of 

IABP do not influence survival; 5) PC-ECLS is still accompanied  by a high mortality, though with 

an acceptable weaning rate (nearly 50%) in patients with an otherwise unfavorable prognosis.  

Post-cardiotomy shock is a catastrophic entity. The reported definition includes the inability to wean 

from cardiopulmonary bypass, requiring mechanical circulatory support system; the need for an 

mechanical circulatory support within 48 hours or earlier after the index procedure; and the use of a 

mechanical circulatory support at any point during the initial hospital stay.6 Patients suffering from 

post-cardiotomy shock are typically characterized by high preoperative creatinine blood levels, 

previous myocardial infarction MI, presence of left-main disease, left ventricle (LV) dysfunction, 

prolonged history of coronary artery disease, redo operations, recent operation, unstable clinical 

status, and emergency.4 

Trend and mortality. PC-ECLS has been shown to be the most frequent indication for catheter 

implantation in the United States until 2011.7 In a retrospective analysis of ECLS as therapy for post-

cardiotomy shock in the United States between 2002 and 2012, McCarthy and colleagues 8 found a 

significant increase in ECLS application in this setting. The reported mortality of 60% in the study is 

the highest mortality for all ECMO indications reported. These results have been also confirmed in a 

15-year analysis of the ELSO database. 3 This report has shown that although ECLS use has increased 

exponentially during the time, it appears that survival rates to discharge have, if anything, decreased. 

There are a number of potential explanations for this observation, including the learning curve of the 

centres using this treatment, to more complex patient profiles, or even to the more liberal use of PC-

ECLS and this technique often being applied as a “last resort” in moribund patients.  

Our results showed an overall survival comparable to those reported in the literature.1, 3, 6, 8 However, 

we observed a marked improvement in survival in the most recent years, most likely reflecting the 
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increase in volume and centre experience, as well as a better complication prevention and 

management.   

Technical considerations. There is still much debate with regards to which cannulation site (central 

versus peripheral) should be utilised to achieve the best recovery and an easier management. 9 In the 

largest single-center report, Rastan and colleagues 2 reported on 517 patients (1.2% of the total cardiac 

surgery cases) who required ECLS for post-cardiotomy shock. In this study, no advantages were 

observed by using a central arterial cannulation site relative to a peripheral site or to an axillary artery 

approach relative to a femoral artery approach. In fact, percutaneous femoral vein drainage was 

associated with a worse prognosis, and may be a surrogate of suboptimal venous drainage and 

compromised ECLS flow. By contrast, Loforte 10 showed that central cannulation in PC-ECLS had 

increased bleeding and continuous veno-venous hemofiltration rates compared with peripheral access 

(62.7% versus 48.4%, and 56.8% versus 43.6%, respectively).  

During the central configuration of ECLS, LV venting, either directly or indirectly, is usually more 

frequently adopted, but its role and potentially benefit are still controversial.11 In our series, 

application of LV unloading, has been more frequently and carefully addressed and  possibly plays 

an additional role in enhanced ECLS benefit and outcome. The role of IABP placement in aiding 

recovery is also controversial. The beneficial effects of adding IABP support to ECLS on coronary 

perfusion, and on reduction of the LV afterload have been well demonstrated in animal models 13, 

and single-centre experiences have shown the efficacy in terms of outcome compared with no IABP 

use.14 Nevertheless, some have abandoned the use of IABP in combination with ECLS because of the 

increased risk of vascular complications.15 Further studies are therefore warranted in this respect to 

ascertain advantages and to elucidate mode, effects, and results of LV unloading during ECLS. 

Changes of ECLS configuration during the temporary support has been recently highlighted as an 

additional possibility and need during the ECLS run. Commencing with conventional veno-arterial 

ECLS with a single venous and arterial cannulation, either centrally or peripherally, may be 

insufficient or not ideal for the ongoing changes of pathophysiological and hemodynamic conditions 
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and needs. The addition of another cannula, either for venous return or oxygenation, or venting, 

represent potential beneficial scenarios.  

Complications in patients on ECLS are frequent and strongly affect the final outcome.2,3 ECLS 

duration varies in published literature on PC-ECLS, and though this does not seem to impact the 

weaning rate, a shorter duration of ECLS has been linked to better survival rates, mainly due to 

reduction of complication rates.2,12 Bleeding and re-thoracotomy, gastrointestinal bleeding, limb 

ischemia, and neurological impairment are well reported complications of ECLS, and our experience 

is consistent with the literature. Bleeding is a major problem in postoperative ECLS care, with rates 

as high as 90%.16,17 

Reasons for excessive bleeding in these patients include surgical trauma, thrombocytopenia, 

activation of leucocytes, and anticoagulation treatment. In our experience, proper hemostasis of the 

patients supported with ECMO after cardiac surgery with closed chest if feasible, represent our main 

goals in PC-ECLS patients. Protamine administration, sternal closure, and delayed anticoagulation 

treatment (at least 24 hours or later) are highly recommended strategies to reduce the bleeding risk. 

In the presence of peripheral vascular disease, a switch from central to peripheral ECMO with heparin 

coated circuits may also be applied to reduce the incidence of limb ischemia and related 

complications. However, the use of distal perfusion of the cannulated limb for arterial perfusion 

represents the critical action to reduce or prevent such an adverse event.  

Our data with regards to other complication types and rates are in accordance to published literature.2-

4 Of note, data from the ELSO Registry, about patients submitted to veno-arterial ECLS, has shown 

that neurologic complications occur in 15% of the cases, leading to almost 90% mortality.18 This rate 

may be slightly higher in PC-ECLS patients, as shown in our and other investigators’ findings. 2,4 

Currently, however, there is no consistent action recommended or advisable to reduce such adverse 

events. It is hoped that additional refinement in ECLS technology and anticoagulation management 

will impact the mechanisms underlying cerebral insult and injury and lead to improvements in this 

area. 
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Age is a well-known risk factor for hospital mortality in post cardiotomy ECLS support 19 and our 

findings are consistent with that. Recently, the influence of age in ECLS was investigated from the 

ELSO. 20 More than 700 patients older than 70 years were analysed and the promising 30.5% of 

survival to hospital discharge encourages further studies in this field.  

Based on the above-mentioned factors, we have recently adopted a “patient-tailored concept” of 

ECLS configuration and management in post-cardiotomy, which appears to provide actual benefit on 

patient outcome and trends: 1) ECLS mode must account for patient’s preoperative status (function 

of right and left ventricle), underling disease (chronic versus acute) and intra-operative status and 

requirement, avoiding a repetitive and fixed ECLS configuration; 2) Sternal closure should be 

addressed as often as possible, also in the central configuration, to reduce perioperative bleeding. 3) 

Prevention or reduction of LV distension through a cannulation of pulmonary artery used as 

additional drainage or using other LV venting techniques and devices; 3) IABP is highly 

recommended in order to favour LV unloading and opening of the aortic valve thereby enhancing LV 

unloading and reducing the risk of left cardiac chamber thrombosis; 4) Use of distal limb perfusion 

in case of femoral artery cannulation in order to reduce limb ischemia, and a sheathless IABP implant; 

5) the use of new design of IABP in the shorter configuration is also recommended to reduce the risk 

of mesenteric and renal impairment.13 

Study Limitations.  

This is a single-centre series of consecutive patients, which have been retrospectively reviewed.  In 

addition, although there was no difference in age between survivors and non survivors, 19 deaths 

occurred in patients between 70 and 80 years and 3 in those > 80 years. The true influence of age on 

post- PC-ECLS events warrants further investigation. Furthermore, the study population showed a 

heterogeneity in procedures and cannulation strategy and management.  Finally, in a number of cases 

data is missing (e.g., hemodynamic and labs parameters) and therefore poses an additional limitation.  

Conclusion.  
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ECLS use after cardiac surgery is increasing, but is still limited by high mortality rates and resource 

consumption despite all efforts and advancements in technology. Our experience confirms the data 

already reported, but highlight that careful patient management, and increased expertise may lead to 

a reduction of complication rate and improved results.  

Alternative configurations and cannulation strategies tailored specifically to the status of patient, as 

well as a dedicated program, increased expertise, and a multidisciplinary approach can improve 

knowledge in the field and hopefully ultimately benefit patients undergoing PC-ECLS. 
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Abstract 

Background. Veno-arterial extracorporeal membrane oxygenation (VA-ECMO) application in post-

cardiotomy shock (PCS) and non-PCS is increasing. VA-ECMO plays a critical role in the 

management of these patients, yet may be associated with serious complications.  

Methods. A systematic review of all available reports in the literature of patients receiving VA-

ECMO, either directly or indirectly comparing central cannulation (right atrial to ascending aorta) 

versus peripheral cannulation (femoral vein to femoral artery or axillary artery) were analyzed. The 

primary endpoint was survival. Cerebrovascular events, limb complications, bleeding requiring 

reoperation, sepsis, continuous veno-venous hemofiltration, and transfusions, were also assessed in 

both groups. 

Results. Seventeen retrospective case series clearly describing the VA-ECMO access and including 

1,691 patients with PC- and non-PCS were found. The peripheral approach was more commonly used 

(980 patients, 57.9%) than the central one. There was no difference in the analysis between the two 

techniques regarding all-cause mortality RR (Risk Ratio) 95 CIs (Confidence Intervals): 1.00 (0.94-

1.08) I2=0%, P=0.92. No statistical differences were found between peripheral and central VA-

ECMO with regards to cerebrovascular events, limb complications, or sepsis rates. Peripheral 

cannulation, was associated with a significant reduction in the risk of bleeding (p=0.02), continuous 

veno-venous hemofiltration (p=0.03), transfusion of red blood cells units (p<0.00001), fresh frozen 

plasma units (p=0.0002) and platelets units (p<0.00001).  

Conclusions. Peripheral and central VA-ECMO configurations showed comparable in-hospital 

survival in PCS and non-PCS. The risk of bleeding, continuous veno-venous hemofiltration and blood 

product transfusion was significantly lower with the peripheral cannulation strategy.       
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Introduction 

The application of veno-arterial (VA) extracorporeal membrane oxygenation (ECMO) in patients 

with refractory isolated cardiac or cardio-pulmonary failure, is increasing [1]. In adult patients, 

“central” access, with the direct cannulation of the right atrium and ascending aorta, and “peripheral” 

access, most commonly using the femoral vein and artery, have been the predominant modalities for 

the initiation of VA-ECMO. Alternative approaches have included the use of a vascular prostheses 

for the thoracic aorta as central access, or the axillary, subclavian, or innominate arteries, either 

through a direct cannulation or with the interposition of a vascular graft. Undoubtedly, the application 

of VA-ECMO during cardiac arrest or in non-postcardiotomy shock (PCS) represent the typical 

scenarios in which peripheral cannulation is commonly adopted because it is a faster and easier 

strategy, whereas central access plays a larger role in PCS [2]. 

The optimal cannulation strategy for VA-ECMO, in terms of survival as well as myocardial recovery, 

management and complication rate, remains controversial [3]. Despite the considerable numbers of 

publication regarding VA-ECMO, only a few have addressed access-related issues [4-18], 

particularly as the primary focus of the studies [7, 8, 10].  

In the largest single center series, Rastan and colleagues [4] reported no advantage in survival with 

the use of different cannulation sites in 517 patients who required VA-ECMO after cardiac surgery. 

Although there has been a general consensus favoring a peripheral approach in PCS and non-PCS [4-

9], a recent study demonstrated that a central approach should be considered a viable alternative in 

terms of complications rate [10]. Based on the above controversies, we performed a systematic review 

and meta-analysis of studies reporting the in-hospital outcomes of central versus peripheral VA-

ECMO in PCS and non-PCS settings.  

 

Material and Methods 

Definition 
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Central cannulation was defined as cannulation involving the aorta for the patients’ arterial inflow 

and right atrium or both venae cave for patients’ outflow. Peripheral cannulation was defined as 

cannulation of the femoral and axillary artery for patients’ arterial inflow and femoral vein for 

patients’ inflow. Right atrium and femoral artery cannulation or aorta and femoral vein cannulation 

strategies were considered peripheral and central, respectively, since the access for inflow cannula 

dictates the actual configuration. 

Bleeding was defined as any bleeding requiring reoperation. Limb complication was defined as any 

limb complication involving the vascular access (excluding groin and wound infection)  

Distal limb perfusion strategy in order to avoid limb ischemia in case of peripheral cannulation 

included the cannulation of a dacron or hemashield prosthetic graft anastomosed end to side onto the 

femoral artery thus maintaining arterial flow to the ipsilateral lower limb or the insertion of a distal 

perfusion cannula inserted into the femoral artery.  

Data sources and search strategy 

This systematic review and meta-analysis was performed in accordance with the Preferred Reporting 

Items for Systematic Reviews and meta-analyses (PRISMA) statement [19]. The PRISMA checklist 

is available as Appendix Table 1. Relevant studies to be included were searched for through October 

31st 2017, through PubMed, EMBASE, CINAHL, the Web of Science, the Cochrane Register of 

Controlled Clinical Trials (CENTRAL) and Google Scholar, as well as congress proceedings from 

major cardiothoracic and cardiology societies meetings. The search term was: “extracorporeal 

membrane oxygenation”. The literature was limited to articles published in English. References of 

original articles were reviewed manually and cross-checked for other relevant reports.  

Selection criteria, quality assessment and outcomes 

Studies were included if they met all of the following criteria: 1) human study; 2) studies comparing 

directly peripheral versus central cannulation in patients undergoing VA-ECMO for cardiogenic 

shock; 3) studies reporting on VA-ECMO outcomes of interest with separate (indirect comparison) 

results for peripheral versus central cannulation. Exclusion criteria were as follows: 1) paediatric and 
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congenital heart surgery-related studies; 2) animal studies; 3) studies not reporting cannulation site 

strategy for VA-ECMO. Reviews were not considered. 

Two independent reviewers (G.M.R and M.K.) selected the studies for inclusion, extracted studies, 

as well as patient characteristics of interest and relevant outcomes. Two authors (G.M.R. and M.K.) 

independently assessed the trials’ eligibility and risk of bias. Risk of bias at the individual study level 

was assessed using the ROBINS-I tool (Risk of Bias in Not-randomized Studies-of Interventions) 

[20]. Any divergences were resolved by a third reviewer (R.L.) and quantified using the approach of 

Cohen’s kappa.  

Endpoint selection 

The primary endpoint was in-hospital mortality. Secondary endpoints were in-hospital 

cerebrovascular events (CVE), limb complications, bleeding requiring reoperation, sepsis, continuous 

veno-venous hemofiltration (CVVH) and transfusions. Long-term follow-up and out-of-hospital data 

were not considered. 

Statistical analysis 

Data were analysed according to the intention-to-treat principle wherever applicable. Risks Ratios 

(RRs) and 95% Confidence Intervals (CIs) served as primary index statistics for dichotomous 

outcomes; for continuous outcomes, mean difference and corresponding 95% CIs were calculated 

using a random effects model. To overcome the low statistical power of the Cochran Q test, the 

statistical inconsistency test I2= [(Q _ df)/Q] x 100%, where Q is the chi-square statistic and df its 

degrees of freedom, was used to assess heterogeneity [21]. It examines the percentage of inter-study 

variation, with values ranging from 0% to 100%. An I2 value of less than 40% indicates no obvious 

heterogeneity, values between 40%-70% suggest moderate heterogeneity and I2>70% were 

considered high heterogeneity.  

Because of the high degree of heterogeneity anticipated among the available studies (only non-

randomized trials) an inverse variance (DerSimonian-Laird) random-effects model was applied as a 
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more conservative approach for observational data accounting for between- and within-study 

variability. Whenever a single study reported median values and interquartile ranges instead of 

meanSD, the latter were approximated as described by Wan and colleagues [22]. Potential 

publication bias was evaluated for the primary endpoint by constructing a ‘‘funnel plot’’ in which the 

standard error of the log RR was plotted against the RR. The asymmetry of the plot was estimated 

both visually and by a linear regression approach. Pre-specified sensitivity analysis for the primary 

endpoint was conducted and stratified by type of heart surgery where applicable: 1) post coronary 

artery bypass grafting (CABG); 2) post valvular surgery and 3) combined or other survery. The latter 

group encompassed combined coronary and valvular surgery, along with surgery on thoracic aorta, 

other cardiac surgery and non-PCS indications for VA-ECMO. Additionally, by means of meta-

regression, the impact of percentage prevalence of non-PCS patients across single studies and its 

relationship to occurrence of the primary endpoint was investigated. Review Manager V.5.3 (The 

Nordic Cochrane Centre, Copenhagen, Denmark) and Comprehensive Meta-Analysis, v. 2 (Biostat, 

Englewood Cliffs, NJ) were used for statistical computations. P-values <0.05 were considered 

statistically significant and reported as two-sided, without adjustment for multiple comparisons. 

 

Results 

The PRISMA flow diagram describing the study selection process along with reasons for exclusion 

is presented in Appendix Figure 1. After removal of reports not pertinent to the design of the current 

meta-analysis, 17 retrospective observational studies that met explicit inclusion criteria remained, 

including a total of 1,691 patients. Of those, 980 patients (57.95%) underwent peripheral, and 711 

(42.05%) central cannulation for VA-ECMO. Most commonly (85.1% of the time), VA-ECMO was 

instituted for PCS; remaining indications included: acute myocardial infarction (5.6%), 

decompensated cardiomyopathy (5.0%), myocarditis (0.8%) and other non post-surgical indication 

(3.5%). From a surgical standpoint, the majority of ECMOs followed coronary artery bypass grafting 

(33.9%), valve surgery (15.4%) and mixed cases (8.7%). VA-ECMO followed aortic surgery in 103 
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cases (6.1%), 36 of which (2.1%) were for acute type A aortic dissection. Patients undergoing VA-

ECMO had a mean age of 61.7 years and 68% were male. Baseline EuroSCOREs ranged between 

6.2% up to 25.7%. Follow-up reporting across the studies varied between 30-day and in-hospital 

survival. Detailed characteristics of studies and patients are listed in Table 1. 
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Risk of bias for each study across each of the seven risk of bias domains is presented in Appendix 

Table 1. Overall, the studies reported either moderate or serious risk of bias. Given the overall high 

risk of bias along with the limited number of studies, all articles were retained for the purposes of 

this review. Most commonly, biases arose from 1) selection of participants for the study, and 2) 

subjective distribution of the participants within the study arms by either designated heart teams or 

according to surgeon preference and underlying causes.  
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sFigure 1. Flow diagram of the review process along with reasons for exclusion according to the 

Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement.  
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Appendix Table 1. ROBINS-I tool bias assessment. 

Study 

Bias due to 

confounding 

Bias in selection 

of participants 

into the study 

Bias in 

measurement of 

interventions 

Bias due to 

departures from 

intended 

interventions 

Bias due to 

missing 

data* 

Bias in 

measurement of 

outcomes* 

Bias in 

selection of 

reported 

result* 

Overall 

bias 

Cohen’s 

Kappa 

Ranney DN, 

201710 

Moderate Serious Serious Moderate Critical Low Low Serious 0.86 

Biancari F, 

201712 

Moderate Serious Moderate Moderate Moderate Low Low Moderate 0.71 

Guihaire J, 

201717 

Moderate Serious Serious Moderate Critical Low Moderate Serious 0.71 

Slottosch I, 

201715 

Moderate Serious Serious Moderate Critical Low Low Serious 0.71 

Raffa GM, 

20174 

Moderate Serious Serious Moderate Critical Low Low Serious 0.86 

Khorsandi M, 

201611 

Moderate Serious Moderate Moderate Moderate Low Low Moderate 0.57 

Zhao Y,  

201545 

Moderate Serious Moderate Moderate Moderate Low Serious Moderate 0.71 

Mazzeffi MA, 

201618 

Moderate Serious Serious Moderate Critical Low Low Serious 0.86 

Saeed D, 

20148 

Moderate Serious Moderate Moderate Moderate Low Serious Moderate 0.57 

Loforte A,  

20146 

Moderate Serious Moderate Moderate Moderate Low Moderate Moderate 0.71 

Mikus E, 

201314 

Moderate Serious Moderate Moderate Moderate Low Serious Moderate 0.57 

Unosawa S, 

201216 

Moderate Serious Serious Moderate Critical Low Moderate Serious 0.86 

Pokersnik JA, 

201213 

Moderate Serious Serious Moderate Critical Low Moderate Serious 0.71 

Kanji HD, 

20107 

Moderate Serious Moderate Moderate Moderate Low Moderate Moderate 0.71 

Rastan AJ,  

20104 

Moderate Serious Serious Moderate Critical Low Low Serious 0.57 

Russo CF, 

201046 

Modearte Serious Serious Moderate Moderate Low Serious Moderate 0.86 

Ko WJ, 

20029 

Moderate Serious Moderate Moderate Moderate Low Moderate Moderate 0.57 

*When multiple outcomes were reported for a study, the highest level of bias at the outcome level is reported in the table. Bias reported for comparison of peripheral vs central 

extracorporeal circulation and not for a study in general.  

0.70 
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Primary endpoint. 

All 17 selected studies contributed to the analysis of in-hospital all-cause mortality. In an overall 

analysis, 1,085 (64.2%) included patients, out of 1,691, died within this time frame. No evidence of 

publication bias due to small study effect was observed (Appendix Figure 2) and this was confirmed 

in Egger’s Test (P=0.37). There was no difference in the analysis of all-cause mortality between 

peripheral and central cannulation, even with respect to the type of surgery (pre-specified sensitivity 

analysis stratified by surgery type is available as Appendix Figure 3). Corresponding mortality rates 

were 63.7% (624/980 pts) vs 64.8% (461/711 pts) for peripheral and central VA-ECMO, respectively. 

Respective Risk Ratio and 95% CIs were 1.00 (0.94-1.08); P=0.92; I2=0% (Figure 1). By means of 

meta-regression analysis, there was no evidence that higher prevalence of non-PCS patients (P=0.99), 

left ventricle (LV) venting (P=0.71) and distal perfusion (P=0.48) strategies across single studies 

influenced the occurrence of the primary endpoint (Appendix Figure 4, 5 and 6). 

 

Figure 1. Forest plot of the comparison between peripheral and central VA-ECMO for in hospital 

survival. Risk Ratios (RR) and 95% Confidence Intervals (CIs); IV, inverse variance.  
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sFigure 2. Publication bias analysis. SE, Standard error; RR, risk ratio. 
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sFigure 3. Prespecified sensitivity analysis stratified by surgery type (A) and publication bias analysis 

in corresponding subgroups (B). SE, Standard error; RR, risk ratio. 

*- combined coronary and valvular surgery, along with surgery on thoracic aorta and other cardiac 

surgery. The stratification was performed according to majority of patients undergoing given surgical 

procedure across single studies. 

 

 

 

sFigure 4. Weighted random-effects Meta regression analysis on the percentage of non-

postcardiotomy patients and the relationship with log RR of primary endpoint in-hospital mortality. 

The size of the circle corresponds to the inverse variance of the log-RR, and thus is related to the 

statistical weight of the individual study. 
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sFigure 5. Weighted random-effects Meta regression analysis on the percentage of left ventricle (LV) 

venting in the entire studied group and the relationship with log RR of primary endpoint in-hospital 

mortality. The size of the circle corresponds to the inverse variance of the log-RR, and thus is related 

to the statistical weight of the individual study. 

 

 

sFigure 6. Weighted random-effects Meta regression analysis on the percentage of distal perfusion 

(DP) in the entire studied group and the relationship with log RR of primary endpoint in-hospital 

mortality. The size of the circle corresponds to the inverse variance of the log-RR, and thus is related 

to the statistical weight of the individual study. 
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Secondary endpoints. 

A total of six studies enrolling 323 patients contributed to the analysis of cerebrovascular events. No 

statistically significant differences were found in regard to risk of CVE: 0.88 (0.46-1.68); P=0.69; 

I2=0% with corresponding event rates of 10.7% (23/214) vs 13.8% (15/109) for peripheral and central 

VA-ECMO, respectively (Figure 2A). 

Seven studies (699 patients) provided data for the analysis of bleeding. Bleeding occurred in over 

40% of VA-ECMO patients; peripheral, as compared to central, cannulation was associated with a 

significant 35% reduction of the bleeding risk (0.65[0.46-0.93]; P=0.02; I2=59%). Respective 

bleeding rates were 32.9% (141/429) in peripheral and 51.9 (140/270) using a central cannulation 

approach (Figure 2B). 

Peripheral cannulation for VA-ECMO reduced the need for CVVH by nearly 25% (0.76 [0.60-0.97]; 

P=0.03; I2=0%) when compared to central cannulation. Accordingly, CVVH was used in 30.2% of 

cases in the peripheral cannulation group (70/232) as compared to those patients with central 

cannulation where the incidence of CVVH reached 45.5% (71/156) (Figure 2C). With six studies and 

537 patients included, there were no differences in the risk of limb complications between peripheral 

and central VA-ECMO: 1.68 (0.63-4.46); P=0.30; I2=53% (Figure 2D). Similarly, no differences 

between cannulation approaches were observed in the analysis of sepsis: 0.71 (0.27-1.88); P=0.50; 

I2=11% (Figure 2E). 

Lastly, peripheral cannulation as compared to central cannulation was associated with a significantly 

reduced number of transfusions administered (Figure 3). Number of transfused packed red blood cells 

was significantly lower (by over 7 units) with peripheral cannulation: weighted MD (mean difference) 

(95%CIs): -7.17 [-9.94, -4.40]; P<0.00001; I2=36%; as compared to central cannulation. Similarly, 

the number of units of fresh frozen plasma administered was significantly lower (by nearly 3 units) 

when peripheral cannulation was employed as compared to central cannulation: -2.73 [-4.16, -1.29]; 

P=0.0002; I2=33%. Number of transfused units of platelets was similarly reduced with peripheral 

cannulation: -5.09 [-6.77, -3.40]; P<0.00001; I2=0% by over 5 units on average. 
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Figure 2. Forest plot of the comparison between peripheral and central VA-ECMO in regard to the 

risk of cerebrovascular events (A), bleeding requiring reoperation (B), continuous veno-venous 

hemofiltration (C), limb complications (D) and sepsis (E). Risk Ratios (RR) and 95% Confidence 

Intervals (CIs); IV, inverse variance. 
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Figure 3. Forest plot of the comparison between peripheral and central VA-ECMO in regard to the 

risk of transfusions of red blood cells (RBC), fresh frozen plasma (FFP) and platelets (PLT). Risk 

Ratios (RR) and 95% Confidence Intervals (CIs); IV, inverse variance. 

 

Comment 

To the best of our knowledge, the current meta-analysis represents the first attempt to address the 

difference in in-hospital outcomes between central and peripheral cannulation in patients supported 

with VA-ECMO. The published articles analyzed, enrolling nearly 1,700 patients, have been strictly 

selected confirming that, although being a relevant and a greatly debated issue, the data available on 

this topic are very limited. Our main findings were, first, that among patients with PCS and non-PCS, 

no differences in 30 day in-hospital mortality were observed between peripheral and central 

cannulation. This was also confirmed in a subgroup analysis including only PCS cases and according 

to type of surgery. Second, there was no difference between the two VA-ECMO configurations with 

respect to CVE, sepsis, acute renal injury requiring dialysis and, of particular note, in limb 

complications. Finally, central cannulation had increased surgical revision for bleeding, as well as 

use of CVVH, and a higher rate of transfusion of blood products.    

ECMO use is increasing, represents a resource-consuming treatment, and, in many cases, is seen as 

a last resort for patients who, otherwise, would inevitably die [1, 2, 23-25]. PCS was the most frequent 
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indication for VA-ECMO implantation in the United States until 2011 [23-25], and the current 

European Society of Cardiology guidelines recommend ECMO (class of recommendation IIb, level 

of evidence C) for the management of cardiogenic shock in ST-elevation myocardial infarction [26]. 

However, despite growing worldwide experience, in-hospital outcomes have not shown substantial 

progress [2, 27]. Further, little is known about the cost-benefit ratio in these patients, especially in 

adult population [28]. 

PCS and non-PCS are the clinical scenarios where central and peripheral cannulation strategies may 

both be deployed routinely. The location of ECMO implantation for PCS is mostly represented by 

the operating theater at the time of surgery (Table 1). In PCS, VA-ECMO is frequently needed for 

failure from cardiopulmonary bypass weaning and, usually, a central configuration can be easily 

instituted utilizing the cannulas already in place for previous cardiopulmonary bypass. A peripheral 

strategy using the femoral, or less frequently axillary or subclavian [10, 29], artery and femoral or 

jugular vein can be performed with percutaneous access [4, 9] or by surgical cut-down or mini-

sternotomy. Advantages of the axillary cannulation include less atherosclerosis, less differential 

hypoxemia, and greater mobility on ECMO [3, 29]. The disadvantage is that it requires a cut-down 

technique which may not be feasible in emergency circumstances. Details on cannulation strategy in 

order to establish a proper ECMO flow have been reported elsewhere [3]. Central and peripheral 

cannulation carry advantages and disadvantages (Table 2): the central one directs an antegrade flow 

stream into the aorta with better cardiac unloading. The peripheral technique is a faster, particularly 

with regards to femoral arterial access, and less invasive technique for ECMO institution, 

concomitantly allowing sternal closure, which may be beneficial in terms of bleeding and infectious 

complications. In PCS, central VA-ECMO may also be instituted with the chest closed -- the ECMO 

cannulas may be tunneled to exit at the subxyphoid region (Figure 4A) -- allowing patient extubation 

and mobilization after surgery in case of prolonged support or bridge to more advanced therapies. 

However, the course of the cannulae, through the mediastinum towards the subxyphoid exit points, 

may provoke cardiac compression during a weaning attempt. Therefore, in case of expected short 
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temporary support and expeditious cardiac recovery, cranial exit ports might be also considered by 

extending the upper incision with a Y towards the head (Figure 4B). This approach, avoiding cardiac 

compression by the cannulas, allows an unrestricted cardiac loading during ECMO weaning making 

the evaluation of hemodynamics more reliable.  
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Figure 4. Close chest central VA-ECMO achieved through the subxyphoid (A) and jugular (B) exit 

sites.  

 

In this meta-analysis, the peripheral cannulation was the cannulation strategy most commonly 

adopted (57.7%) and, notably, in some series was the only one [30-32]. Whenever performed, the 

open-access was chosen in the majority of the cases [9, 30-32]. 

The evaluation of hemodynamic performance of VA-ECMO according to cannulation strategy is 

lacking in the literature. Saeed and colleagues [8] compared the immediate changes in hemodynamics, 

arterial blood gas value, and end-organ function of patients on either peripheral ECMO or central 

ECMO support with no particular advantage of one cannulation technique over the other. The lactate 

levels during ECMO support have been shown to have a predictive role in mortality [33, 34], 

especially whenever the serial lactate measurements and lactate clearance are evaluated [15]. The 

majority of the studies included in this meta-analysis reported the differences in the lactate levels 

between survivors and non-survivors. Similarly, Kanji and colleagues [7] showed no differences in 
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the peripheral and central cannulations in the mean peak lactate level as a marker for the end-organ 

and limb perfusion. Of note, in a series of 517 patients reported by Rastan and colleagues [4], a worse 

survival (13.9% vs 22.4%) occurred in those who received a percutaneous femoral vein approach 

(23%) suggesting a suboptimal venous drainage and compromised ECMO flow as opposed to central 

right atrial drainage. 

LV unloading is another major issue during VA-ECMO [35]. LV dilatation due to lack of 

contractility, high afterload and retrograde flow towards the aortic valve during VA-ECMO requires 

careful monitoring and, sometimes, counteractions because of the risk of delayed myocardial 

recovery as well LV thrombus and pulmonary edema [35]. Six out of 17 studies (Table 1) addressed 

the importance of LV venting during PCS although it was adopted in the minority of patients. Central 

VA-ECMO, despite better right heart drainage and an antegrade ECMO flow, may still face 

insufficient LV unloading. Central ECMO may enhance additional catheter/cannula placement 

through direct cannulation of vessels or chambers, whereas peripheral configuration, without open 

chest, may call for alternative solutions [35]. The appropriate or most effective methods for LV 

venting is still controversial. Intra-aortic balloon counterpulsation (IABP), although controversial 

[35, 36], may play a role in LV unloading [37]. In some PCS series, the lack of IABP use was linked 

to a trend to reduced survival [4, 38] whereas in other experiences no difference among survivors and 

non-survivors was also found [13, 16, 31]. Alternative approach in LV unloading, like Impella® 

(ABIOMED Inc, Danvers, Massachusets), pulmonary artery venting, or other methods, have been 

also reported [35, 39]. The role, effects, and interaction between various LV venting and central or 

peripheral ECMO configuration are still unknown and warrant further investigations. 

Complications in patients on VA-ECMO are frequent and strongly affect the ultimate outcome [2, 4]. 

The results of this meta-analysis favor peripheral VA-ECMO in terms of reoperation for bleeding and 

number of transfusions of red blood cells, fresh frozen plasma and platelets. Bleeding, transfusion 

and revision for bleeding remain major problems in ECMO patients, and although these may also 

occur in the peripheral configuration [4], the severity of these complications in central VA-ECMO 
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tends to be worse. Open sternotomy to avoid tamponade and right ventricle compression as well as 

to allow cardiac edema to resolve, the use of cannulae inserted during the previous cardiopulmonary 

bypass course, and avoiding limb ischemia due to femoral artery cannulation, are the major reasons 

to choose central cannulation. However, this meta-analysis showed that the risk of limb ischemia and 

vascular access complications were comparable between the two techniques of cannulation. Small 

cannula size, distal perfusion cannulae [40] and insertion of a vascular graft are commonly advocated 

[4, 5, 7] to avoid such a complication. In relation to the peripheral approach, open cannulation appears 

to be associated with fewer complications than full percutaneous access [9, 31]. In this meta-analysis, 

10 out of 15 studies report on the use of distal perfusion cannula and in only three reports [4, 9, 10] 

it was adopted in less than 30% of the patients. Peripheral complications in central VA-ECMO may 

include embolic phenomena [7], although the use of vasoconstrictors in these hypovolemic and 

vasoplegic patients may also play a role. Loforte and colleagues [6] showed that central cannulation 

in PCS resulted in increased bleeding and CVVH rates compared to peripheral access (62.7% v 

48.4%, and 56.8% v 43.6%, respectively). The latter, also confirmed by our analysis, may suggest 

the high rate of acute volume-depletion events and need for transfusion in the central setting that led 

to acute renal injury. Kanji et al. [7] investigated the incidence of limb ischemia, perfusion (peak 

lactate levels), CVE, thrombus and sepsis in the peripheral versus central ECMO over 5 years 

showing no difference. Of note, the authors report 11% with limb ischemia in the central cannulation 

cohort. High rate of neurologic complication was observed in the series of Ko and colleagues [9] 

treated with open femoral ECMO probably due to the pre-ECMO clinical condition of the patients.  

The use and impact of axillary or subclavian artery cannulation, which should provide several 

advantages by allowing a “pseudo-central” flow as compared to femoral artery or ascending aorta 

cannulation, has been recently investigated [10, 41, 42]. A trend towards more frequent implant in 

the operating room as compared to aorta or femoral artery (93.8%, 80.6%, and 32.9%, respectively), 

a significant higher rate of vascular complication (particularly fasciotomy and amputation) and 

bleeding at the cannulation site (37.5%, 30.6%, and 13.9%, respectively) has been recently reported 
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[10]. A trend, but not significant, towards higher incidence of CVEs was also observed (18.8%, 

16.7%, and 12.7%, respectively) [10]. The actual incidence, and related techniques to avoid or reduce 

upper limb hyperperfusion syndrome, was not described [43, 44]. Today, the use of the axillary or 

subclavian arteries appears therefore advisable in patients with inaccessible femoral arteries or for 

patients in whom prolonged support (with need of patient awakening, endotracheal extubation and 

mobility) is expected. However, this should take into account the potentially higher risk of 

complications as compared with central or femoral artery cannulation [10].  

The small number of patients and the retrospective nature of the studies included represent the major 

limitations of this meta-analysis. Only four studies reported the outcomes of interest in non-PCS [6, 

8, 10, 15] and were deliberately included, although addressing a different patient population. This 

potential selection bias however, did not influence the primary endpoint as shown in the further 

subgroup analysis including only PCS patients. We also acknowledge the lack of some critical 

information, e.g. the timing of ECMO starting and distal perfusion and the weaning protocols (please 

see appendix figure 5, 6 and table 4). Finally, all the analysis were made according to the initial 

cannulation strategy and the deviations from the planned cannulation strategy ECMO (because of 

flows, need of adequate LV venting and limb complication) or any changes were not considered. 

In conclusion, from the available data in the literature, central versus peripheral access for VA-ECMO 

in PCS or non-PCS did not show any significant difference in relation to in-hospital survival. 

Peripheral access was associated with reduced bleeding, transfusion and CVVH rates. No other 

substantial differences were found regarding other ECMO-related complications. Due to the paucity 

and limitation of available data, however, further investigations are required to elucidate the risk-

benefit profiles of central and peripheral accesses in VA-ECMO. 
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A Comprehensive Review of the Literature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Raffa GM, Kowalewski M, Meani P, Follis F, Martucci G, Arcadipane A, Pilato M, Maessen J, 

Lorusso R. 

 

Perfusion. 2019 Jul;34(5):354-363 

 



 
 

96 
 

Abstract 

Veno-arterial extracorporeal membrane oxygenation (V-A ECMO) has been used to deal with life-

threatening complications as well as back-up or active cardiovascular support during high-risk 

procedures in patients undergoing transcatheter aortic valve implantation (TAVI). PubMed and 

Medline electronic databases were searched in order to identify studies with emergency or 

prophylactic V-A ECMO application in association with TAVI procedures. From November 2012 to 

November 2017, 14 relevant studies were identified that included 5,115 TAVI patients of whom 102 

(2%) required ECMO (22 prophylactically, 66 as an emergency and 14 without a reported indication). 

The reason for emergency V-A ECMO institution was detailed in 64 patients: left ventricle free wall 

rupture (n=14), haemodynamic instability (n=12), ventricular arrhythmias (n=7), aortic annulus 

rupture (n=6), coronary obstruction (n=6), low left ventricular output (ejection fraction<35%) (n=5), 

uncontrollable bleeding (n=5), severe aortic regurgitation (n=4), prosthesis embolisation (n=3), aortic 

dissection (n=1) and respiratory failure (n=1). Femoral arterial and vein cannulation was the most 

common access technique for V-A ECMO institution. Major bleeding (n=7) and vascular access 

complications (n=7) were reported after ECMO institution. The overall in-hospital survival was 73% 

(61% in the emergency vs 100% in the prophylactic group). 

V-A ECMO support should be available at any centre performing TAVI and provides effective 

mechanical circulatory support in an emergency setting. We present an algorithm to aid decisions 

about prophylactic circulatory assistance with ECMO and it should form part of the heart team 

discussion before a TAVI procedure is undertaken.  

  

  



 
 

97 
 

Introduction 

Mechanical circulatory support (MCS) devices such as cardiopulmonary bypass, intraaortic balloon 

pump, TandemHeart device (CardiacAssist, Inc., Pittsburgh, PA, USA), and the Impella System 

(Abiomed, Inc., Danvers, MA, USA), have been variably applied in patients with cardiogenic shock 

and high-risk percutaneous coronary interventions.1 With the development of transcatheter aortic 

valve implantation (TAVI) technology, MCS has also been advocated in these patients as a 

prophylactic or emergency strategy for challenging conditions.1,2 Compared to the previous results of 

the first TAVI trial, the need for MCS during such a procedure dropped from 8%3 to 1% in the most 

recent series,4,5 reflecting improvements in device technology, increased operator experience, and, 

most likely, better patient selection, and a lower-risk patient profile. Among temporary artificial 

support systems, veno-arterial extracorporeal membrane oxygenation (V-A ECMO) has emerged 

over the past decade as a preferable tool due to expeditious and percutaneous access for cannulation, 

device miniaturisation and portability, enhanced blood gas exchange during cardiogenic shock, and 

limited cost compared to other percutaneous circulatory support systems.6,7 V-A ECMO has been 

used particularly in emergency cases for life-threatening TAVI-related peri-procedural complications 

such as cardiac tamponade, severe paravalvular regurgitation and cardiogenic shock, aortic valve 

annulus rupture, ventricular perforation, ventricular arrhythmias, coronary obstruction and prosthesis 

migration, and persistent impaired contractility impairment after TAVI deployment.5 The 

prophylactic implantation of V-A ECMO has also been applied to achieve haemodynamic 

stabilisation or cardiac unloading during high-risk TAVI cases.5 The actual outcome of TAVI patients 

undergoing V-A ECMO, however, remains poorly defined. A review of the literature of prophylactic 

and emergency V-A ECMO during TAVI has been therefore undertaken in order to define the 

indications and surgical techniques and evaluate the clinical results.  

 

Methods  
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Literature search criteria. Selection criteria included studies in English describing clinical series or 

reports of emergency or prophylactic V-A ECMO institution during or after TAVI procedures. 

Electronic searches were conducted in PubMed and MEDLINE databases from November 2012 to 

November 2017. The reference lists of all the retrieved articles were reviewed for further 

identification of potentially relevant studies. No researchers or sponsors were contacted by the authors 

to acquire any missing information. To identify all of the relevant studies, we used “transaortic valve 

implantation” and “TAVI” and “extracorporeal membrane oxygenation” and “ECMO” as free text 

and thesaurus terms. Eligibility assessment was performed by one reviewer, the first author. The 

reviewer screened the retrieved records by titles and abstracts, and the full-text publications were 

reviewed. To avoid duplications, only the most recent study on the topic by the same authors was 

included in the analysis. Non-peer-reviewed studies and abstracts were excluded. Information was 

extracted from each article on: (1) the characteristics of the patients (candidates for TAVI requiring 

prophylactic or emergency V-A ECMO placement), (2) the type of intervention (TAVI procedures), 

and (3) the outcome measure (weaning rate, complication rate, and survival rate). Articles reporting 

mechanical circulatory support during TAVI other than V-A ECMO (for example, standard 

cardiopulmonary bypass, intraaortic balloon pump, and the Impella and TandemHeart devices) were 

excluded. 

Continuous variables are expressed as mean, standard deviation, and range; categorical variables are 

expressed as absolute values and percentages. 

 

Results 

A total of 21 peer-reviewed publications were retrieved. After removal of not pertinent reports and 

duplications (references 15 and 19, and 14 and 20, respectively), 14 papers remained (Table 1).1,2,5,8-

18 Two articles5,16 from the same study group were considered because of prophylactic use of V-A 

ECMO in earlier series16 not reported in the latest one5 (thus the emergency V-A ECMO in the 
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former16 (n=9) was not included in the overall population of this review). The full texts of the 

remaining studies were then assessed in detail. 

The characteristics of the relevant studies are detailed in Table 1, including 5,115 TAVI patients of 

whom 102 (2%) had prophylactic (n=22) or emergency (n=66) V-A ECMO during TAVI procedures. 

In the remaining 14 patients,1 the strategy was not detailed. Four of the 14 articles were case 

reports.10,12,18,20 

The results of emergency and prophylactic V-A ECMO during TAVI are summarised in Table 2. 

Demographics were not specified for 18 patients; in the remaining 84 subjects, the average age was 

79±5 years (range 69-87 years) and 43 were male. 

TAVI technical details. Transfemoral TAVI was the most common approach (n=40) followed by the 

transapical TAVI (n=29). Transaortic TAVI was applied in two cases. In the remaining cases, data 

were not specified. The most common type of prostheses used for the TAVI procedure were a 

SAPIEN valve (Edwards Lifesciences, Irvine, CA, USA) (n=29). Other prostheses included 

CoreValve (Medtronic, Irvine, CA, USA), Acurate NEO and TA (Symetis SA, Ecublens, 

Switzerland), Direct Flow Medical (Direct Flow Medical, Inc., Santa Rosa, CA, USA), and JenaValve 

(JenaValve Technology GmbH, Munich, Germany).  
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Indication for emergency V-A ECMO institution. The reason for emergency V-A ECMO institution 

was detailed in 64 patients: left ventricle free wall rupture (n=14), haemodynamic instability (n=12), 
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ventricular arrhythmias (n=7), aortic annulus rupture (n=6), coronary obstruction (n=6), low left 

ventricular output (ejection fraction<35%) (n=5), uncontrollable bleeding (n=5), severe aortic 

regurgitation (n=4), prosthesis embolisation (n=3), aortic dissection (n=1) and respiratory failure 

(n=1). 

V-A ECMO technical details. Cannulation details are available for 67 patients. Femoral vein 

cannulation was used in all cases. Femoral arterial and vein cannulation was the most common access 

for V-A ECMO implants (n=62), with a percutaneous approach employed in 54 patients. Subclavian9, 

18 (n=2) and aortic11 (n=2) arterial cannulation was also used. In one case,12 a transapical approach 

followed by transaortic valvular positioning of the cannula was used for the patient arterial inflow.  

The reported size of the arterial cannulas ranged from 15 Fr. to 19 Fr. and from 19 to 24 Fr for the 

venous cannulas. The use of distal percutaneous perfusion cannulas in order to prevent lower limb 

ischaemia was mentioned by two authors and was established in case of an expected prolonged need 

for V-A ECMO.5,11 

V-A ECMO as bridge to surgical aortic valve replacement. Conversion to surgical aortic valve 

replacement in patients on emergency V-A ECMO during TAVI was necessary in 19 patients. 

V-A ECMO-related complications. V-A ECMO-related complications during TAVI were detailed in 

two articles5,15 including 44 patients and these were major bleeding (n=7) and vascular access 

complications (n=7).   

In-hospital survival. The overall survival of patients requiring prophylactic or emergency V-A ECMO 

during TAVI was 73 % (74 patients out of 102). In cases of emergency V-A ECMO implantation, the 

survival rate was 61% (40 patients out of 66), whereas the survival rate was 100% in the prophylactic 

group.    
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Discussion 

TAVI has become a widely accepted alternative for patients at high surgical risk with severe 

symptomatic native aortic valve stenosis.21-26 Based on the results of the PARTNER A and B trials, 

as well as the SURTAVI trial, comparing TAVI to surgical aortic prosthesis implantation,24-26 

transcatheter procedures continue to increase beyond the populations originally enrolled, shifting 

from high-risk, frail, and inoperable patients, to intermediate- and low-risk populations. Despite 

advancements in technology,5 TAVI remains a complex procedure that may result in serious 

complications, especially in centres commencing new clinical programmes.7,22 The use of MCS to 
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manage such complications or to provide a haemodynamical back-up to enhance TAVI was applied 

in a marginal number of the treated patients, but is likely to increase if the indications for TAVI are 

widened.1,2,6 Singh et al. analysed 1,794 TAVI procedures from the Nationwide Inpatient Sample in 

the United States1; MCS devices were used in 190 patients (10.6%), 14 (7.4%) of which were 

ECMOs. MCS was associated with a higher mortality rate, more complications, and increased length 

and cost of hospitalisation. Female gender, acute myocardial infarction, concomitant percutaneous 

intervention, ventricular fibrillation arrest, transapical access, and cardiogenic shock were the most 

significant predictors of MCS use during TAVI. Subsequently, the same authors2 published a single-

centre experience including 577 TAVIs, with 54 requiring MCS (ECMO in 3 patients). The bleeding 

and/or vascular complication rate increased to 30%, with in-hospital and 1-year mortality reaching 

24% and 35%, respectively; however, that was lower than reported in the PARTNER trial and the 

parallel registry (29% and 49% at 1 year, respectively).27  

Among the MCS devices employed during TAVI procedures, cardiopulmonary bypass has been 

commonly adopted in some series.13,28 From the technical standpoint, among the MCS devices, 

Impella needs the wire in the left ventricle with the aortic prosthesis already deployed before it can 

be inserted, while TandemHeart requires transeptal puncture and implantation of large cannulas, 

manoeuvres that are time-consuming and challenging in an emergency situation.29 On the other hand, 

V-A ECMO only needs insertion of femoral arterial and venous cannulas over guidewires already 

present in the vessels during most TAVI procedures.   

V-A ECMO use grew exponentially from 2006 to 201130-35 and has emerged as a prevalent 

prophylactic and emergency treatment during TAVI since 2010.18 In this review of more than 5,000 

patients, the use of V-A ECMO in the emergency setting (1.3%) was significantly lower than in 

previous reports.1,2  

Previous reports6,7 similar to our review identified two subsets of patients where V-A ECMO support 

was used and characterised by a remarkable difference in the survival rate. The first group included 

patients placed on V-A-ECMO “pre-emptively” before the procedure, mainly because of 



 
 

105 
 

haemodynamic instability or poor cardiac function, who benefitted from the prophylactic circulatory 

support during the vagaries of the procedure but subsequently improved rapidly after the aortic 

stenosis was relieved. In previous series and in our review, they had 100% survival. On the other 

hand, the second patient group accounted for those who were placed on V-A ECMO on an emergency 

basis due to the occurrence of a severe complication and showing a much lower survival rate 

(approximately 60%). By the time of ECMO institution, these patients had already suffered from 

structural damage (coronary occlusion, annular rupture, aortic dissection, valvular malposition, 

and/or left ventricular disruption after transapical approach) and the increased mortality was probably 

related to the impact of such conditions.36  

Severe intraprocedural complications can occur in up to 7.6% of TAVI procedures.37 In many of these 

circumstances, V-A ECMO can bridge the patients to emergency cardiac operations. In this analysis, 

free wall rupture was the most common cause of emergency V-A ECMO implantation and may be 

related to the complicated transapical procedures, aortic annular rupture, or reoperation with cardiac 

injury during chest re-entry.5,38-40 In our review, conversion to surgical aortic valve replacement was 

necessary in 28% of patients requiring emergency V-A ECMO after TAVI, mainly due to 

embolisation of the valve prosthesis into the left ventricle or migration into the left ventricular outflow 

tract. In cases of femoral V-A ECMO because of severe aortic regurgitation after failed TAVI, careful 

left ventricle drainage is required.29 Despite not specified data and a lack of differentiation in the 

literature between TAVI- and V-A ECMO-related vascular access complications and bleeding41, in 

the current analysis, both complications occurred in a small portion of ECMO patients, highlighting 

the relative safety of this strategy even in emergency scenarios.  

ECMO availability and technology is not always present in hospitals where TAVI is performed and 

is even less frequent in those without cardiac surgery facilities.37 In addition, the institution of V-A 

ECMO and its maintenance are costly and resource-intensive endeavours. We estimated (our own 

unpublished data) that an average short-run V-A ECMO support lasting 1 to 2 hours and in accordance 

with the elective cases collected in our review would cost approximately 5,000 euros. 
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In light of the aforementioned considerations, we believe that this technology should be used 

sparingly and the indications for prophylactic and standby ECMO should be carefully evaluated ahead 

of time by the heart team during the preoperative discussion of the patient and carefully considered 

during the procedure.  

The most common scenarios that have led to the prophylactic institution of ECMO were as follows: 

(1) heart failure requiring hospitalisation and stabilisation pre-TAVI; (2) pre-operative assessment of 

moderate or severe left and/or right ventricular failure; (3) haemodynamic instability during balloon 

aortic valvuloplasty performed to improve heart function pre-TAVI; (4) borderline haemodynamics 

during procedures with central venous pressure/pulmonary capillary wedge pressure>20mmHg, mean 

pulmonary artery pressure>40 mmHg, and cardiac index<2.0 with no improvement in inotropes; (5) 

slow recovery from rapid left ventricular pacing during testing of a pacemaker; (6) high vasopressor 

requirements during general anaesthesia; and (7) concomitant high-risk percutaneous coronary 

intervention. In addition, the heart team should look for unfavourable patient-related features that 

may include some hallmarks of structural complications such as coronary ostia close to the annulus, 

small and calcified annuli, and dilated aortas, in order to have ECMO in a standby mode, especially 

for institutions without on-site cardiac surgery.  

Needless to say, the heart team should be composed by all of the individuals involved in the care of 

the patient: the referring cardiologist, the interventional cardiologist, the cardiac surgeon, the cardiac 

anaesthesiologist, the perfusionist, and the OR and cath lab nurses.36 For centres without an in-house 

cardiac surgery back-up unit, a remote consultation during the case decision-making and a hub-and-

spoke network to manage emergency transport and surgery if appropriate might represent an 

additional asset for patient safety. 

Conversely, for standard non-high-risk patients, ECMO standby could be spared, avoiding the 

inevitable costs of circuit set-up and personnel availability. 

Once a patient has been placed on V-A ECMO, the outcome would most probably depend on the 

original indication. The prophylactic cases are gradually weaned off support after valve implantation 
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and relief of aortic stenosis; the emergency cases are transferred directly to the operating room for 

repair of structural damages. 

In addition, there is currently a wide debate about the anaesthesia management during TAVI, with 

the two main strategies, monitored anaesthesia care and general anaesthesia. Both approaches carry 

comparable short term clinical outcomes, shortening of length of stay and reduction in costs.42 In 

high-risk TAVI the general anaesthesia is probably the preferred strategy since it may assure a more 

efficient cardiorespiratory support in case of ECMO institution.43  

The strategy described can be summarised in an algorithm of indications and patient management 

(Fig. 1). 

 

Finally, the practise of institutions performing TAVI without on-site cardiac surgery is questionable, 

since international guidelines universally recommend cardiac surgery back-up for such procedures. 

Therefore, V-A ECMO support indicated on a prophylactic or standby mode, should be arranged and 

available on site or with another hospital ECMO team acting as back-up for rapid intervention. Initial 
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TAVI series were characterised by patients with advanced age, inoperable, and severe comorbidities. 

Accordingly, the application of V-A ECMO has been limited because of the poor prognosis of MCS 

in these patients. However, increasing experiences and improved technology in temporary 

cardiocirculatory support have led to more frequent employment even in complicated cases. Indeed, 

as shown by Stretch et al.,32 the utilisation of short-term MCS in patients older than 80 increased from 

6.2% in 2004-2007 to 11.9% in 2008-2011. Furthermore, with broadening indications for TAVI for 

low-risk and younger patients, the lack of V-A ECMO capability or organisation at the time of the 

procedure20 might become ethically unjustifiable and legally indefensible. 

The small number of patients, the retrospective nature of the studies included, and the varying 

frequency of ECMO use (from 0.2% to 15%) represent the major limitations of this review; thus, the 

real benefit from V-A ECMO during TAVI should be carefully considered. Indeed, it has to be clearly 

stated that the subject of V-A ECMO during TAVI is still guided by expert opinion alone and will 

remain so until randomised trials are available to address its feasibility and safety. Additionally, 

reports are always slightly behind the current state.  

In conclusion, among mechanical circulatory support systems, V-A ECMO is emerging as the optimal 

temporary cardio-circulatory support with a relative ease of institution in an emergency setting, 

transport simplicity, and lower cost. Indications for prophylactic or standby V-A ECMO should be 

taken into consideration during the heart team evaluation, and it should be promptly instituted when 

major complications occur. 
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Abstract 

Cardiogenic shock, cardiac arrest, acute respiratory failure, or a combination of such events, are all potential 

complications after cardiac surgery which lead to high mortality. Use of extracorporeal temporary cardio-

circulatory and respiratory support for progressive clinical deterioration can facilitate bridging the patient to 

recovery or to more durable support. Over the last decade, extracorporeal membrane oxygenation (ECMO) 

has emerged as the preferred temporary artificial support system in such circumstances. Many factors have 

contributed to widespread ECMO use, including the relative ease of implantation, effectiveness, versatility, 

low cost relative to alternative devices, and potential for full, not just partial circulatory support. While there 

have been numerous publications detailing the short and midterm outcomes of ECMO support, specific reports 

about post-cardiotomy ECMO (PC-ECMO), are limited, single-center experiences. Etiology of 

cardiorespiratory failure leading to ECMO implantation, associated ECMO complications, and overall patient 

outcomes may be unique to the PC-ECMO population. Despite the rise in PC-ECMO use over the past decade, 

short term survival has not improved.  

This report, therefore, aims to present a comprehensive overview of the literature with respect to the prevalence 

of ECMO use, patient characteristics, ECMO management, and in-hospital and early post-discharge patient 

outcomes for those treated for post-cardiotomy heart, lung, or heart-lung failure. 
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Introduction 

Cardiogenic shock following cardiac surgery is a life threatening condition characterized by severe myocardial 

contractile impairment and reduced organ perfusion. In the current era, patient mortality approaches 40%.1 

Acute mechanical support therapies are increasingly utilized in patients with progressive organ dysfunction 

despite optimized management, including mechanical ventilation, blood products and pharmacotherapy.1 

Extracorporeal membrane oxygenation (ECMO) is increasingly used as first line mechanical circulatory 

support in patients refractory to conventional treatment. ECMO facilitates respiratory gas exchange and 

provides cardiac output to end-organs, supporting organ recovery, identification of residual lesions and 

allowing time for “bridge-to-decision” to more durable modes of support.1-6 ECMO is immediately available, 

easy to  apply and reliably supports heart and lung functions – these features have made it an attractive option 

for circulatory support in the post-cardiotomy (PC) setting.1-6 In contrast, implantable or para-corporeal 

ventricular assist devices (VADs) are more complex, costly and do not facilitate respiratory gas exchange. 

These features have hindered widespread adoption in the immediate PC setting.7-12  

PC-ECMO is the most frequent indication for ECMO in the United States.4 The exponential increase in ECMO 

use has not been accompanied by improved early survival, with some reports of increasing mortality in the last 

decade.6,13 Published reports of PC-ECMO are mainly single-center experiences14-37, frequently combining 

adult and pediatric patients in the same series, or including PC-ECMO in reports of institutional ECMO 

experience.38-55 As a result, interpretation of PC-ECMO indications, complications and outcomes can be 

challenging. PC-ECMO is increasing, and uniquely complicated, making an analysis of PC-ECMO prevalence, 

patient selection, in-hospital management, and short- and long-term outcomes relevant to the multi-disciplinary 

team managing these patients.  

PC-ECMO is being increasingly used in both adults and pediatric populations.  There are, however, distinct 

differences between PC-ECMO in these groups and this review will focus on adult cardiac surgery patients 

only. The authors aim to provide a detailed and comprehensive evaluation of the adult PC-ECMO and present 

outcomes for veno-arterial (VA) and veno-venous (VV) ECMO. Trends in PC-ECMO use, educational needs, 

and future perspectives will be addressed to highlight potential applications, required training, and implications 

for future research. An accompanying review will address PC-ECMO in the pediatric population.   
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Characteristics of PC-ECMO 

Trends in use 

The incidence of ECMO implementation in patients after open-heart surgery has been reported between 0.4% 

to 3.7% (Table 1). PC-ECMO has increased considerably over the past 2 decades.2 Indeed, from 2007 to 2011, 

non-percutaneous ECMO cannulation increased 2-fold, while the use of percutaneous ECMO increased by 

more than 15-fold.2 Maxwell and colleagues, evaluating more than 9000 ECMO patients from the Nationwide 

Inpatient Sample database in the United States from 1998 to 2009, identified 4493 patients with approximately 

50%, cannulated for cardiogenic shock in the post-operative period..5 Between 2002 and 2011 in the same 

database, McCarthy and colleagues found that PC-ECMO was the most common indication for ECMO in each 

year of their study.3 Recently, data from the Extracorporeal Life Support Organization (ELSO) Registry also 

confirmed a substantial increase in PC-ECMO use over the last 10 years.6 ECMO use in adult populations has 

also substantially increased in this time, such that the proportion of adults managed on ECMO for PC indication 

has decremented.5,3  

Patient characteristics 

The nature of the PC-ECMO indication is that patients invariably require urgent or emergent ECMO support, 

compared to other indications. Baseline characteristics reveal PC-ECMO patients are older, with higher 

incidence of renal insufficiency, prior myocardial infarction, left main coronary artery disease, and left 

ventricular (LV) dysfunction. They are also more likely to have a prolonged history of coronary artery disease 

and prior open-heart surgery. 17 Age does not appear to be an absolute contraindication as elderly patients are 

routinely considered for PC-ECMO. Indeed, most PC-ECMO series include some patients older than 80 years 

of age (Table 1).56,57 

As expected, PC-ECMO is most frequently associated with coronary artery bypass grafting, valve surgery, and 

combination of valve/coronary surgery (Table 1). In several series, diagnoses previously considered relative 

contraindications to ECMO, such as repair of an acute aortic dissection, have been successfully supported 

(Table 1). In patients post-heart transplantation, primary graft failure was associated with early post-transplant 

mortality. The use of ECMO post-heart transplant has been reported to be as high as 10-15%58-60, possibly 

associated with the increased use of marginal donors. Notably, in a series of 124 heart transplants, Listijono 

and colleagues showed that ECMO was used for 17 (14%) patients with 82% surviving to discharge.62 In 



 
 

119 
 

patients who received a marginal donor heart, defined by a pre-transplant LV ejection fraction <45%, 8 out of 

9 patients were managed with ECMO, and of these 88% survived to hospital discharge with normal graft LV 

function.62 Another indication for ECMO is in patients who develop right ventricular (RV) failure post-LVAD 

implantation.63,64 PC-ECMO may be utilized to support the RV, or to bridge to right ventricular assist device 

(RVAD).64,65  

Indications 

The most common indication for PC-ECMO implementation is intraoperative failure to wean from 

cardiopulmonary bypass (CPB) due to univentricular, biventricular, or respiratory failure. PC-ECMO may also 

be implemented for delayed refractory cardiogenic shock, postoperative cardiac arrest in the intensive care 

unit (ICU), respiratory failure, or intractable post-operative ventricular arrhythmias.14-35 Although not all series 

delineate the specific diagnosis and indication for PC-ECMO, it is evident that the use of ECMO for PC cardiac 

arrest has been more frequently considered during the last 10 years.66 This is reflected in the 2017 Society of 

Thoracic Surgeons Expert Consensus for the Resuscitation of Patients Who Arrest After Cardiac Surgery 

wherein it is recommended that failure to achieve spontaneous circulation is an indication for open cardiac 

massage and institution of either central or peripheral ECMO at the bedside.67 Available information with 

regards to PC-ECMO applied for perioperative cardiac arrest and related outcomes are presented in the 

Supplemental Materials (Table 1 Supplemental Data). 

 

Implementation, Management, and Complications of PC-ECMO  

Cannulation 

Location of ECMO cannulation is influenced by the timing and indication, urgency of deployment, cardio-

circulatory vs. respiratory support required, and institutional factors including staff familiarity and availability 

of ECMO circuits. PC-ECMO is most often utilized for failure to wean from CPB, so operating room 

cannulation occurs most frequently, followed by the ICU, and rarely on the ward (Table 2). While PC-ECMO 

can be initiated any time in the postoperative course, the majority of PC-ECMO placements occur within 24 

to 48 hours of procedure (Table 2). 

Implementation of intra-operative ECMO generally follows a period of escalating vasoactive support and may 

be delayed by the placement of an intra-aortic balloon pump (IABP).  There is limited data to inform optimal 
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timing of ECMO cannulation, either in the fail to wean from CPB population, or in those cannulated later in 

the ICU. Institutional protocols differ with respect to escalation of vasoactive therapies, optimal preload and 

acceptable duration of myocardial and systemic exposure to high dose inotropes. In the ICU, timing of PC-

ECMO cannulation may be even more variable, as indications are not well defined, which may contribute to 

delay in decision making resulting in ECMO deployment. Furthermore, there is institutional variability in  

logistics for ECMO circuit preparation and implementation.30 ECMO deployed in the setting of 

cardiopulmonary resuscitation (ECPR) without return of circulation may present a more straightforward 

decision, but with more complicated logistics and event management.67 Although post-ECMO survival in 

similar for those cannulated to ECMO in the operation room and the ICU, longer ICU duration prior ECMO 

cannulation is associated with poorer survival.22 

Despite the presence of either a median sternotomy or thoracotomy which allows central access, peripheral 

cannulation (Figure 1) is more common than central cannulation for PC-ECMO (Table 2). Interestingly, a 

peripheral approach was the only access employed in 3 series21,26,29, whereas a central approach was 

exclusively used for access in only one center’s experience (Table 2).28 Peripheral cannulation may be preferred 

in order to reduce infection risk, avoid re-sternotomy, and continue uninterrupted chest compressions during 

ECMO cannulation.  

In studies of PC-ECMO describing peripheral cannulation, open cannula placement was chosen over  a 

percutaneous  approach in the majority of cases.18,26,28 There is evidence that this approach is associated with 

fewer complications than percutaneous cannulation.27,29,68  A “pseudo-percutaneous approach” exposes the 

femoral vessels, as with an open approach, but tunnels the cannulas through a more inferior thigh incision 

before inserting them into the vessel, allowing closure of the femoral incision.69-71 This pseudo-percutaneous 

approach reduces the risk of bleeding and infection post-ECMO implantation and facilitates more 

straightforward device removal. Although an open surgical closure is still needed, the surgeon has better 

control of the vascular entry site and can perform embolectomy more easily in patients with distal or proximal 

thromboses. Nevertheless, Rastan and colleagues showed that femoral venous drainage was associated with 

worse prognosis suggesting that suboptimal right-sided decompression had a negative impact on ECMO flow 

and management.22 
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Central PC-ECMO cannulation is associated with higher rates of bleeding and acute renal failure requiring 

continuous VV hemofiltration when compared with peripheral cannulation, but a recent meta-analysis found 

no difference in overall survival when compared to peripheral cannulation.44 Technically, emergent central 

cannulation is associated with risk of air entrainment and embolization. The benefit of central cannulation lies 

in improved cardiac decompression and anterograde flow from the proximal aorta, preventing the potential 

‘Harlequin syndrome’. Alternative cannulation strategies, e.g. arterial inflow via the subclavian artery with 

either peripheral20,21,33,69-71 or central68 cannulation for venous return have also been employed (Figure 2). 

Central cannulation generally requires an open sternum to allow unimpeded exit of atrial and aortic cannulas, 

and to prevent mechanical cardiac compression which may inhibit venous return.22,27 Innovative strategies to 

manage the atrial and aortic cannulas may result sternal closure with tunneled cannula exit in the subxyphoid 

region (Figure 3). These strategies may facilitate patient extubation, mobilization, and decreased risk of 

infection. Such a configuration, however, may impede adequate cardiac filling during weaning because of RV 

compression exerted by cannula course in the mediastinum. In patients who are expected to have an expeditious 

recovery after short-term support, suprasternal exit sites, by mobilizing the sternocleidomastoid muscle 

insertions and extending the upper sternal incision with a Y towards the head, may be contemplated (Figure 

4). This approach allows the aortic and atrial cannulas to lay vertically and exit cranially, preventing cardiac 

compression and tamponade during weaning trials. The use of a right anterior mini-thoracotomy for 

cannulation of the ascending aorta, right atrium and pulmonary vein (for venting) (Figure 5), has also been 

reported and may be also useful in avoiding any cardiac compression.71  

Left ventricular decompression  

VA-ECMO, particularly with central cannulation, usually results in effective right-sided cardiac drainage but 

may not be effective in decompressing the left side of the heart due to incomplete capture of systemic and 

bronchopulmonary venous flow. LV distension occurs due to insufficient ejection, either from impaired LV 

contractility or high afterload, and inevitably raises wall tension. Increased LV and resulting left atrial 

pressures results in increased myocardial oxygen consumption and acute pulmonary edema. Furthermore, 

inadequate LV ejection results in blood stasis in the left cardiac chambers and may lead to clot formation with 

devastating consequences. In these circumstances, the addition of left sided catheter drainage may be warranted 

to fully decompress the left side of the heart.72 In the presence of LV distension and left intra-ventricular or 



 
 

122 
 

intra-atrial stasis, LV decompression can be accomplished by surgically placed catheter in the left atrium or 

ventricle, or use of a trans-aortic valve axial pump device (if no aortic mechanical prosthesis is in place, Table 

2 Supplemental Data). In a recent meta-analysis of 17 observational studies including almost 4.000 VA-ECMO 

patients, 42% of the cohort utilized an LV unloading device - IABP in 91.7% of cases, a percutaneous device 

in 5.5%, and trans-septal cannulation in 2.8%.  There was significantly lower mortality in the combined device 

group (53%) compared to ECMO without LV unloading (65%).73 Patients with a mechanical prosthesis are at 

particularly high risk of valve thrombosis and dysfunction with poor LV ejection, increasing risk of 

intracavitary clot formation. For these at-risk patients, a higher level of blood anticoagulation may be advisable 

when unloading the LV.  

Pulmonary artery cannulation represents an alternative to direct LV unloading, but is not available to all 

patients. The use of a trans-aortic valve axial pump device has been reported to be beneficial in ECMO 

patients.74,75 Patel and associates showed improved in-hospital survival (43% vs. 22%) with the use of a 

transaortic device in combination with VA ECMO.76 Significantly higher than anticipated risk-adjusted 

survival was reported in 106 patients undergoing combined VA ECMO with the use of a  trans-aortic valve 

device (Impella, Abiomed).77 Despite these data, there are no reports of trans-aortic valve axial pump device 

utilization in the PC-ECMO setting. The benefits include LV unloading with theoretically improved LV 

recovery, while complications such as hemolysis with renal failure, and an increase in surgical complexity 

(Table 2 Supplemental Data) warrant further investigation to evaluate the impact of this configuration.72  

Concomitant use of IABP in patients on ECMO support for cardiogenic shock remains controversial. IABP 

remains the first line of support used in the operating room for cardiovascular failure.2,8 Combined with VA-

ECMO, the IABP is used to improve coronary perfusion, support LV ejection and blood flow pulsatility by 

decreasing afterload, decreasing LV wall tension and thereby decreases blood stasis in the left heart.20,21,72,78,79 

In multiple PC-ECMO series that we have reviewed, an IABP was used concomitantly in 12% to 100% of 

patients (Table 2). Although this institutional variability may represent patient heterogeneity, more likely these 

differences in utilization reflect a lack of consensus regarding relative benefit of IABP in ECMO supported 

patients. 32,33,78,79  Consistent with this is the fact that in some PC-ECMO series, IABP use was associated with  

improved survival17,22, while in others, no survival differences were found.19,23,24,26,27,40,47 Reassuringly, 

although the IABP competes for femoral arterial access, conceivably problematic in peripheral ECMO, there 
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does not appear to be an increase in the risk of limb ischemia, as those authors uniformly using an IABP in 

patients on PC-ECMO showed  very low rates of limb-related complications.14,21,25 Despite the physiologically 

justification and early reports of results, the clinical benefits of LV decompression remain unproven.  

Management of patients on PC-ECMO 

The management of patients supported by PC-ECMO differs substantially from the management of patients 

on ECMO support for other indications. Firstly, adult cardiac surgery patients often have significant 

comorbidities which may impact the outcomes of ECMO. Secondly, ECMO may be used as a bridge-to-

recovery and also as bridge-to-advanced mechanical circulatory support. PC- ECMO is only rarely used as a 

bridge-to-decision, as the typical cardiac surgery patient has been well characterized clinically during the 

preoperative work up, and goals of therapy are clear. Optimal ECMO  flow remains unclear, as some argue 

that allowing LV ejection might be superior to full support, taking into account the magnitude of heart damage 

while assessing the need for adequate peripheral perfusion.80 As previously described, facilitating an injured 

LV to eject adds additional myocardial work and energy consumption to an already compromised heart. 

Finally, bleeding and coagulopathy are major issues in this setting. 

In some patients, the need for perioperative ECMO may be predictable, based on severe clinical or 

cardiocirculatory-pulmonary conditions, and assessed preoperatively or intraoperatively, thereby pre-empting 

cardiac failure post-CPB. In these patients, prophylactic ECMO initiation may be of benefit, despite associated 

risk of complications, as it allows a smoother perioperative course with reduced use of vasopressors and 

avoidance of severe hemodynamic compromise.81  

The use of vasoactive medications remains another controversial issue in patients supported with ECMO, 

particularly PC-ECMO. As stated above, support of cardiac contractility may improve LV unloading, prevent 

intracardiac hemostasis, as well as to support ECMO weaning80, at the expense of increasing myocardial work 

which may impede recovery. Recently, it was shown that pre-treatment with levosimendan (Symdax, Abbot), 

a calcium-sensitizing inodilator seems to facilitate weaning from VA ECMO, reducing the use of high-dose 

inotropes.82 Weaning rates were 83.3% with vs. 27.3% without levosimendan infusion.82 However, these data 

are preliminary and require confirmation.82,83 The degree of contractility necessary to protect the unvented 

heart in the setting of ECMO is unclear, and thus, there is no definable goal for inotropic support. This aspect 

of ECMO management requires investigation.  
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Duration of PC-ECMO support 

Duration of ECMO support varies between reports, but patients are rarely supported longer than 15 days for 

PC indication (Table 2). Several investigators advocate short (48-72 hours) support times and, if insufficient 

recovery is observed, implementing more advanced mechanical support.16,21,26 This  reflects two important 

aspects of PC-ECMO in adult patients: 1) if recovery occurs, it is  usually observed early after surgery84, and 

2) severe and irreversible complications are frequent and typically occur shortly after ECMO initiation, 

resulting in high mortality.6,22 

Longer duration of ECMO support may be required and effective in specific patients, such as patients in need 

of circulatory support after heart transplantation, to allow myocardial recovery or resolution of refractory 

pulmonary hypertension.16 However, for those patients post-cardiac surgery, lack of early recovery should 

precipitate transition to more durable forms of support, e.g. LVAD or heart transplant listing. Unfortunately, 

these therapies are not universally available. This speaks to the need for a relationship between all cardiac 

programs and a sophisticated heart failure centre (with VAD and heart transplant expertise) to facilitate patient 

transfers when indicated.  

Complications associated with PC-ECMO 

Complications in ECMO patients are common and frequently determine a patient’s final outcome.85 Table 3 

shows the most common adverse events associated with PC-ECMO. In published reports limited information 

is often provided regarding the specific complications encountered, rather they are categorized in broad terms 

(e.g. clot, hemorrhage, stroke), hampering any in-depth analysis. However, bleeding is the most frequent 

complication encountered, occurring in up to 90% of patients in some series.14,20 PC-ECMO patients are at 

high risk for hemorrhagic events as typical postoperative surgery-related bleeding is magnified by the early 

need for anticoagulation required for the ECMO circuit. Furthermore, coagulopathy and bleeding encountered 

may be exacerbated by a recently highlighted, heparin-like effect induced by ECMO, even when direct 

thrombin inhibitors are employed as alternatives to heparin. Ranucci and colleagues detected a heparin-like 

effect in 23 of 41 patients (56%), most likely due to a release of heparinoids from the glycocalyx or mast cells, 

as the result of the systemic inflammatory response to the ECMO circuit or sepsis.39 To avoid exacerbating the 

coagulopathy that is already present post bypass, many investigators advocate avoiding heparin infusion for 
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the first 12-48 hours, provided that high flows are maintained to prevent clot formation.18,21 Heparin can be 

withheld for even longer periods in patients with continued postoperative bleeding.16,18,21,22,24,30,47 

There are additional adverse events, similar to those seen in other ECMO settings, but exacerbated as a result 

of the preceding CPB run and cardiac surgery. Central nervous system complications have recently been shown 

to occur in 15% of adult patients supported with VA ECMO and 7% of adult patients supported with VV 

ECMO.86,87 In PC-ECMO, these rates may be much higher, occurring in up to 30% of patients.14,16,17,21 The 

caregiver must remain cognizant of the high rate of neuro-complications. A high level of suspicion, appropriate 

neuro-monitoring, and prompt execution of ECMO management modifications, including a low threshold for 

neuroimaging, all play an important role in the care of the PC-ECMO patient.88 Interestingly, it appears that 

elderly patients are not at higher risk for neurologic adverse events when compared with younger patients in 

PC-ECMO setting.30 A study of the ELSO registry showed equal rates of cerebral injury in patients older than 

70 years of age who underwent ECMO for cardiogenic shock.85   

In contrast to the higher rates of neurological adverse events in PC-ECMO, renal failure and limb ischemia 

occur at rates similar to other indications for ECMO. Several investigators have consistently reported reduced 

limb ischemia with routine use of ipsilateral distal perfusion.22 Delay in cannula placement, triggered by signs 

of ischemia, may lead to a reperfusion injury with a poor outcome28 (Table 3 Supplemental Data). Although 

distal femoral artery cannulation placed directly into the vessel is easy and effective, femoral artery access can 

also be achieved by placing a femoral artery chimney graft (a Dacron® or Hemashield® prosthetic graft) of 

6–8 mm diameter, anastomosed end-to-side to the femoral artery, thus maintaining antegrade and retrograde 

arterial flow to the ipsilateral lower limb.21 In PC-ECMO, continuous near-infrared spectroscopy monitoring 

of the adequacy of limb perfusion is no different from the management applied in other ECMO settings with 

peripheral arterial access.71  

Reassuringly, ECMO circuit failure occurs at a very low rate (Table 3). Although circuit failure may be 

underreported, the general consensus is that current ECMO technology is safe with a low incidence of 

catastrophic complications due to component failure or dysfunction. Most of the time, these events are 

foreseeable and involve the pump-head or oxygenator. Even so, further improvements in circuit components, 

including greater biocompatibility, are expected in the coming years. 

Post-cardiotomy ECMO Outcomes  
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Weaning from PC-ECMO and survival to hospital discharge 

As expected, successful weaning from PC-ECMO varies greatly within published series, ranging from 31% to 

76%, with almost half of the published experiences showing a weaning rate at or slightly above 50% (Table 

4). Survival to hospital discharge rates are far less, ranging from 16% to 52%, with fewer than 30% of centers 

reporting survival-to-discharge above 40% (Table 4). Of note, even in the face of considerably improved 

technology and increased experience in managing ECMO care, survival has not improved in the last 20 years.24 

In fact, based on the most recent report from the ELSO Registry, there has been a gradual decline in survival 

after PC-ECMO, as low as 15% survival in a recent analysis.6 This may be due, at least in part, to more 

widespread application of this technology to higher risk patients, but it remains a sobering observation. The 

presence of cardiac arrest as indication for PC-ECMO is understandably a negative predictor of weaning or 

survival to-discharge in all series examined (Table 1 Supplemental File); however , this must be viewed as 

preliminary data, as only two papers specifically address ECPR in this setting.32,33 Survival in patients with 

cardiac arrest  ranged from 0% to 48%, but factors such as quality of cardiopulmonary resuscitation (CPR), 

e.g. open vs closed chest, the location of arrest, e.g. in the operating room or in the ICU, and time to ECMO 

institution, all likely of paramount importance.  An intraoperative onset arrest might have a better prognosis 

due to more rapid ECMO cannulation and limited hypoperfusion-based organ injury, but this hypothesis has 

not been explored.  

Multi-organ system failure, despite recovery from myocardial failure is an important contributor to mortality, 

but granular data to inform this observation are lacking. 20,21 In fact, the actual cause of death may be interpreted 

in a misleading fashion in ECMO patients, as reported by Rastan and associates who showed that in almost 

30% of autopsies an unexpected cause of death was found, and in 80% of the patients, an unrecognized 

concomitant illness was present.90 Overall, that study showed mortality due to a cardiac etiology in >60% of 

patients, multi-organ system failure in 10%, and neurologic complications in 5%.90 

The survival of patients who received PC-ECMO for post-heart transplant graft dysfunction is approximately 

45%,  better than typically seen in PC-ECMO, as post graft dysfunction is frequently reversible.16,18,29,91 Takeda 

and colleagues recently compared patient outcomes after primary graft failure with PC-ECMO support versus 

VAD support, and showed that PC-ECMO had significantly better outcomes including bleeding after post-

implant re-thoracotomy (30% vs. 70%, p<0.01), renal replacement therapy (11% vs. 53%, p<0.01), duration 
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of support (5.2±3.9 days vs. 14±17 days, p=0.011), and weaning rates (89% vs. 59%, p=0.03), with a trend 

towards better survival-to-hospital discharge (41% vs. 19%).92 The favorable impact of ECMO on patients 

post-heart transplant as compared to other settings, has been highlighted by other investigators, showing 

significantly better in-hospital and post-discharge survivals.93,94 

Outcomes in elderly patients 

The effect of patient age on survival requires highlighting in the context of PC-ECMO as many eligible patients 

in this setting are elderly. In an analysis of 131 adult patients (28% ≥ 65 years of age) with refractory 

cardiopulmonary failure supported by ECMO, Narotsky and colleagues observed 48% survival at one year.51 

Age over 65 years was associated with ~2-fold higher risk of death.51 However, when the analysis was adjusted 

for confounders, age was not a statistically significant predictor for in-hospital death, though a trend for 

increased risk remained.51 Saito and colleagues analyzed 91 patients who required emergency ECMO for a 

variety of reasons including PC, and found that age was not a predictor of mortality, concluding that elderly 

patients can benefit from ECMO, although they require more time to recover.41 However, Elshakarwy et al 

found a linear relationship between mortality after PC-ECMO support and age, but there was no identified age 

-specific cut off after which ECMO was futile.23 Consistent with this, a recent large database evaluation 

demonstrated that older patients who require ECMO support for cardiac or respiratory indications have a 

significantly worse prognosis; nevertheless, the data does not appear to support older age as an absolute 

contraindication to PC-ECMO.89 These findings create a conundrum for surgeons and patients’ relatives when 

considering ECMO support for an elderly patient. Survival rates in elderly patients who undergo ECMO for 

cardiogenic shock may range between 25% and 30%.30,89 These survival rates may be influence by selection 

bias, but it is encouraging that well selected elderly patients managed on ECMO may do well. Additional 

investigation is needed to elucidate which older patients have the best survival after PC-ECMO. At this time 

limited information is available on mid- and long-term patient disability after PC-ECMO, and one must 

conclude that further experience is needed to best determine in whom it is contraindicated. 

Bridging to other therapies 

Transitioning to VAD support or heart transplantation listing from PC-ECMO appears to improve in-hospital 

survival, as shown by Smedira and coworkers.17 They found a 75% early survival in ECMO patients bridged 

to a VAD after a short ECMO run.17 Despite this apparent effectiveness, less than 20% of patients supported 
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with PC-ECMO transition to other support, e.g. VAD or heart transplantation (range 0% to 20%) (Table 4), 

totally dependent upon the suitability of the candidate for more durable therapies and the availability of hub-

and-spoke networks allowing patient transfers to centers capable of these advanced heart failure options. 

Predictors of outcomes after PC-ECMO 

Prediction of ECMO weaning and survival after PC-ECMO has been addressed by many investigators.14-35 

Pre- and intra-operative factors, post-ECMO events, and the patient’s physiologic response to circulatory 

support, all play a critical role (Table 4). Among pre-ECMO factors, ECPR was a strong negative predictor of 

survival in several experiences.14,16,30 In 2 series, no post-cardiotomy patient who underwent ECPR and was 

elderly or who had prolonged CPR prior to establishment of ECMO support survived.16,30 However, other 

investigators have found that neither CPR nor the time spent in resuscitation had a significant effect on 

survival.18,32,33 Currently, the following factors negatively influence survival after PC-ECMO support: lactate 

concentration immediately prior to ECMO initiation as well as its highest level 12-48 hours post-ECMO 

initiation19,22,26,29,30,35,37,43,84, renal and liver failure95-97, respiratory failure98,99, and duration of ECMO support. 

16,18,26,27 Regarding pre-ECMO lactates, Fux and collaborators have recently shown that a value above 10 

mmol/L at implant is associated with a 90% in-hospital mortality, with no survival when lactate levels were 

greater than 15 mmol/L.37 Surprisingly, neither ECMO cannulation location (intra-operative, ICU, or ward)27 

nor the duration of ECMO support has been shown to impact survival.19,22,24,30  Other predictors of  success in 

weaning or survival after PC-ECMO are reported in Table 4.  

Long-term outcomes after PC-ECMO 

Despite the complex perioperative course of PC-ECMO patients, long-term survival of patients who survive 

to discharge appears favorable, with the vast majority of patients still alive at 1-year follow-up (Table 4). 

Saxena and colleagues showed that even in a high-risk cohort of patients over 70 years of age survival was 

69% at 3 years, and 51% at 5 years, confirming good post-discharge prognosis of PC-ECMO patients, even 

the elderly.30 

 

Post-Cardiotomy Veno-Venous ECMO for Respiratory Dysfunction 

Respiratory insufficiency is a common complication after cardiac surgery and an independent predictor of in-

hospital mortality.98,99 Despite respiratory complications in 7-30% of patients,98,99 there is a paucity of 
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published reports on ECMO therapy when this complication is severe, treated either with VA- or VV-ECMO. 

VV-ECMO has been increasingly employed as therapy for primary, refractory respiratory failure as a result of 

the outcomes seen in conventional ventilatory support vs ECMO for severe adult respiratory failure in the 

CESAR trial.100 There are very few reports, however, specifically addressing the use of VV-ECMO in PC 

patients. Nakamura and colleagues explored the outcomes of VV-ECMO in 11 PC patients, ranging in age 

from 35 to 83 years, after various cardiac surgery procedures.56 This series showed favorable overall outcomes 

(7 patients were discharged, 64%), and age was the only predictor of a poor outcome.56 The mean age of the 

survivors was 54 years while non-survivors were mean 80 years old.56 Interestingly, Song and co-workers 

recently reported their experience in 13 PC patients supported with VV-ECMO for acute respiratory distress 

syndrome,  and age did not predict survival (overall in-hospital survival 69%).57 In this series, 7 patients 

received VV-ECMO within 24 hours of surgery and  the remainder (6 patients) at a median of 8.5 days from 

surgery.57 They showed that the Respiratory ECMO Survival Prediction score (RESP)101 proved to be a good 

predictor of survival (100% in class III, 50% in class IV, and 20% in Class V).57 Noteworthy, in this experience, 

septic shock was responsible for all deaths during ECMO support.57 Further research is needed to understand 

the indications for VV-PC-ECMO and to systematically minimize pre and intraoperative risk factors for PC 

respiratory failure requiring VV-ECMO, e.g. smoking cessation, avoiding ventilation-induced lung injury, 

decreasing blood exposure, and minimizing CPB times.  

 

Controversial Issues and Future Perspectives on PC-ECMO 

ECMO technology has undergone remarkable progress in the last 20 years. More advanced, user-friendly, 

miniaturized technology has made the wider application of this temporary support possible, in many instances 

for conditions once viewed as contraindications.12,102 Obvious targets to improve effectiveness include 

biocompatible circuitry (e.g. the pump, oxygenator, and tubing design), more reliable anticoagulation, rational 

vasoactive/inotropic support, a better understanding of the most effective ways to achieve temporary 

cardiopulmonary support, more effective monitoring, and increasing provider skill and education. Given the 

technical aspects of ECMO implementation, the peculiarities of ECMO management, and the expense and 

ethical implications of ECMO use, universal provider education is a crucial target if outcomes are to 

improve.103,104 Available ECMO courses, case-presentations and simulation training with a multidisciplinary 
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target audience may mitigate the lack of high volume ECMO use at most centers and improve standardization 

and evidence-based care for all.104,105  

As we witness an exponential increase in ECMO use, we must question in whom is it truly beneficial, 

determining in whom it provides time to recover as opposed to simply prolonging death.104  ECMO enthusiasts 

are particularly vulnerable to criticism.6 Because ECMO is easy to institute, it is being used in patients with 

increasing disease severity, more complex procedures with acute,  post-bypass myocardial dysfunction, and in 

patients who heretofore were viewed as unsalvageable.30,39,40,50,87,102 Reoperations, advanced age, surgical 

urgency, and poor cardiac reserve are being seen more commonly and contribute to cardiopulmonary 

insufficiency post-CPB, with subsequent pressure on the caregiving team to institute PC-ECMO. It is also 

possible that PC-ECMO is being over-utilized to avoid intraoperative deaths, a rarity these days, moving the 

inevitable from the operating room to the ICU.11,103 However, PC-ECMO is still in its infancy and suffers from 

a lack of sufficient evidence to inform optimal use, e.g. patient selection, ECMO configuration, prevention or 

management of complications, and decision making for recovery or exit strategies of more durable therapies. 

To this end, the authors propose concentrating resources to address the following areas  to improve PC-ECMO 

effectiveness: 1) the underlying pathophysiology of PC cardiopulmonary failure and the impact of ECMO on 

those processes, 2) the development of a standardized, evidence-based, structured approach to monitoring 

ECMO delivery and patient outcomes, 3) the identification of both patient- and population-specific predictors 

of outcomes, 4) the education and training of ECMO caregivers, and, finally, 5) the ethical and economic 

implications of ECMO utilization.  For sure, the dilemmas associated with ECMO are all part of a complex 

scenario, but, to a large degree, providers must accept responsibility for shepherding use, despite the lack of 

data to inform them.6,104 Pre-operative discussion with high-risk patients and their families about the use of 

PC-ECMO should be encouraged to minimize ethical issues that may arise postoperatively. The futility of 

ECMO in complex patients with limited or no indication for more advanced treatment should be considered in 

a timely manner.  

 

Limitations of the Review 

This review has some limitations as it encompasses different patient conditions and different ECMO 

approaches in its attempt to be comprehensive. Nevertheless, underlying cardiopulmonary insufficiency and a 
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lack of response to conservative, conventional treatments after cardiac surgery are common to all the included 

studies. The scenarios for PC-ECMO include conditions ranging from failure to wean from CPB, to 

cardiogenic shock hours to days after cardiac surgery, to cardiac arrest in the ICU or on the ward. PC-ECMO 

in heart transplant recipients is usually included in PC-ECMO series, as we have done, but this specific patient 

population tends to have better outcomes as compared with non-transplant patients.47,53 In addition, the studies 

reviewed include a wide range of resuscitation times prior to ECMO initiation, and in some circumstances, 

include patients who need both cardiac and respiratory support postoperatively. This highlights the extreme 

variability in the postcardiotomy patients who received PC- ECMO. Finally, institutional variability in ECMO 

management is high, and may impact results of studies and how the associated data has been interpreted.47,53 

 

Conclusions 

PC-ECMO represents the most frequent indication for temporary mechanical circulatory support with 

increasing use expected in the future. Considerable variability regarding surgical access and cannula placement 

still exists, apparently without major differences in outcomes regardless of the technique used. Although PC-

ECMO can be life-saving and is only employed when there are few alternatives, mortality and morbidity 

remain high, reflecting underlying disease severity and an imperfect solution. When PC-ECMO is determined 

to be the best option for patient care, its deployment should be rapid as delay, with a resultant longer duration 

of circulatory hypoperfusion and hypoxia, is related to increasingly poor outcomes. Survivors of PC-ECMO 

have favorable early outcomes.  Long-term survival has not been as well-studied, although some small series 

show good 1- and 3-year survival. ECMO-specific educational training programs focusing on patient selection, 

cannulation techniques, ECMO management, and ethical considerations, along with industry-driven 

refinements to circuit components, will almost certainly improve the effectiveness of this powerful technology.  
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Figure 1. Post-cardiotomy ECMO approaches for cannulation: peripheral cannulation with femoral artery and 

vein access, associated with distal limb arterial perfusion. 

 

 

Figure 2. Post-cardiotomy ECMO approaches for cannulation: cannulation of the right axillary artery for 

reperfusion. Femoral vein or right atrial access can be used for venous drainage. 
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Figure 3. Post-cardiotomy ECMO approaches for cannulation: central cannulation (right atrium and 

ascending aorta cannulation) with a subxyphoid exit port for the cannulas. 

 

Figure 4. Post-cardiotomy ECMO approaches for cannulation: central cannulation (right atrium and 

ascending aorta cannulation) with jugular exit port for the cannulas. 
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Figure 5. Post-cardiotomy ECMO approaches for cannulation: central cannulation with access through a left 

mini-thoracotomy, avoiding median sternotomy. 
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CHAPTER 7 

 

Structured Review of Post-Cardiotomy Extracorporeal Membrane Oxygenation:  

Part 2 - Pediatric Patients 
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Abstract 

Veno-arterial extracorporeal membrane oxygenation (V-A ECMO) is established therapy for short-

term circulatory support for children with life-treating cardiorespiratory dysfunction. In children with 

congenital heart disease (CHD), ECMO is commonly used to support patients with post-cardiotomy 

shock or complications including intractable arrhythmias, cardiac arrest, and acute respiratory failure. 

Cannulation configurations include central, when the right atrium and aorta are utilized in patients 

with recent sternotomy, or peripheral, when cannulation of the neck or femoral vessels are used in 

nonoperative patients. ECMO can be used to support any form of cardiac disease including 

univentricular palliated circulation. Although V-A ECMO is commonly used to support children with 

CHD, veno-venous ECMO (V-V ECMO) has been used in selected patients with hypoxemia or 

ventilatory failure in the presence of good cardiac function. ECMO use and outcomes in the CHD 

population are mainly informed by single-center studies and reports from collated registry data. 

Significant knowledge gaps remain, including optimal patient selection, timing of ECMO 

deployment, duration of support, anticoagulation, complications, and the impact of these factors on 

short- and long-term outcomes.  This report, therefore, aims to present a comprehensive overview of 

the available literature informing patient selection, ECMO management, and in-hospital and early 

post-discharge outcomes in pediatric patients treated with ECMO for post-cardiotomy 

cardiorespiratory failure. 
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Introduction 

Mechanical circulatory support (MCS) is well-established therapy for children with severe refractory 

pulmonary or cardiac failure.1 In the 1970s, the first use of extracorporeal circulatory support in infants with 

congenital heart disease (CHD) was reported, followed by a longer extracorporeal membrane oxygenation 

(ECMO) run after surgical correction of Tetralogy of Fallot (TOF). 2,3 Despite the availability of other modes 

of support, including ventricular assist devices, ECMO remains the most commonly used form of MCS in the 

pediatric population.4 In January 2019 the Extracorporeal Life Support Organization (ELSO) Registry reported 

19,629 cardiac ECMO cases in neonates and children from 350 international centers between 1990 and 2019 

(https://www.elso.org/Registry/Statistics/International Summary.aspx). According to the ELSO registry, 

hypoplastic left heart syndrome (HLHS) was the most common CHD diagnosis for neonates supported with 

ECMO, and cyanotic CHD with decreased pulmonary flow (e.g. TOF, double outlet right ventricle, and 

Ebstein’s anomaly of the tricuspid valve) were the most common CHD diagnoses associated with cardiac 

ECMO in children.  

Veno-Arterial ECMO (V-A ECMO) is utilized in children with cardiac failure after CHD surgery, in 

order to augment cardiac output and facilitate respiratory gas exchange. Indications for V-A ECMO in this 

population include failure to wean from cardiopulmonary bypass (CPB), thrombosis of systemic-to-pulmonary 

artery shunts in patients with palliated single ventricle circulation, intractable arrhythmias, postoperative low 

cardiac output syndrome, and cardiac arrest.1 Post-cardiotomy ECMO (PC-ECMO) may additionally bridge 

patients to myocardial recovery, or provide temporary MCS support as a bridge to cardiac transplantation or 

durable MCS.8,9, 10 V-A ECMO has also been described as bridge to CHD surgery in the setting of profound 

cyanosis, cardiogenic shock or pre-operative cardiopulmonary arrest (CPA).5,6,7  

The use of ECMO to support children following CHD surgery has increased steadily during the past 3 

decades.11-15 This increased use reflects growing experience with repair or palliation of complex forms of CHD, 

readily available ECMO equipment, point of care ECMO deployment, and the accumulated experience of 

ECMO management. Furthermore, advances in ECMO pump and oxygenator design, reduction of blood-

prosthetic surface interaction with coated ECMO circuit tubing, and improved anticoagulation protocols have 

resulted in increased ECMO use.16 Despite increasing experience and improved ECMO technology, mortality 
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in pediatric patients requiring ECMO support following CHD surgery is high and has remained unchanged 

over the last several decades.12 

We aimed to summarize the current literature regarding PC-ECMO in pediatric patients with CHD. 

We provide a detailed and comprehensive summary of patient characteristics, ECMO management and 

complications, and short- and long-term outcomes of these patients. Future perspectives including novel 

indications, targets for clinical education, ethical considerations and optimal resource use will be highlighted. 

 

Characteristics of PC-ECMO 

Trends in ECMO use 

Utilization of PC-ECMO is variable among institutions performing surgery for CHD. Differences in 

ECMO utilization may reflect variation in technical performance, chosen operative interventions as well as 

ECMO availability, local indications for use, and the cost of ECMO. Prior to 1990, several authors reported 

that 1.5 -13% of children who underwent cardiac surgery for CHD were supported with ECMO (Table 1).13, 

17-19 Using data from the Pediatric Health Information System, which contains administrative data from 42 

children’s hospitals in the United States, Bratton and colleagues reported that from 2003-2014, 0.5% to 6% of 

children who underwent cardiac surgery for CHD were supported with ECMO.20 A recent analysis using the 

Society of Thoracic Surgeons (STS) Congenital Heart Surgery Database identified 2287 children (2.4%) 

supported postoperatively with MCS from the 96,596 operations performed for CHD from 2000-2010.21 Most 

were supported with ECMO (>95%). The report showed ECMO was most commonly used in children 

undergoing the Norwood single ventricle palliation operation for HLHS (17%) or complex biventricular 

repairs (14%). The findings illustrated the wide variability in ECMO utilization across the CHD centers 

reporting to the STS database. 

Patient characteristics  

ECMO has been successfully deployed to support children of all ages, from newborn to adult-sized 

patients with CHD requiring cardiac surgery.16, 18, 22-24 Similarly, PC-ECMO support has been utilized in 

children of all sizes, although the small vessels in premature and low birthweight infants can make the 

placement of appropriately sized ECMO cannula challenging. PC-ECMO has been used to rescue children 
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after surgery for all forms of CHD, although it is more frequently used to support children undergoing more 

complex procedures (Table 1).23, 25-27  

Indications for ECMO 

The indications for and rates of ECMO implantation in pediatric patients vary among different studies; 

however, common indications include failure to wean from CPB, cardiac arrest, low cardiac output syndrome 

or respiratory failure (Table 2). Klein and colleagues reported pathophysiology resulting in ECMO support 

included biventricular failure (36%), right ventricular failure (14%), left ventricular failure (33%), and 

pulmonary hypertensive crisis (17%).17 Some populations are particularly high risk, for example, in a study of 

single ventricle patients palliated with systemic-to-pulmonary artery shunts, nearly half of 27 patients required 

ECMO implantation. 28 And other studies appear to represent different population, for example, in two studies 

of PC-ECMO in children, low cardiac output as an indication for ECMO was present in 17% of 93 patients, 

and 92% of 73 patients.29, 23 Cardiac or cardiopulmonary arrest occurred in 6%, or 28% of the respective 

populations. Pulmonary arterial hypertension, arrythmia and failure to wean from CPB are also represented in 

different proportions (Table 2).   

Cannulation for ECMO 

ECMO cannulation strategy is determined by underlying the anatomy and physiology of CHD. An 

analysis of all pediatric patients (0-18 years old) reported to the ELSO Registry demonstrated carotid 

cannulation in 64% of patients, aortic cannulation in 32%, and femoral cannulation in only 4%.30 In many 

centers, central cannulation of the right atrium for venous drainage and aorta for arterial return is commonly 

used in the presence of a recent sternotomy (Figures 1-3). In many circumstances, peripheral vessel cannulation 

may be the preferred approach to reduce the risk of major bleeding and infections1. Vascular access for 

peripheral V-A ECMO cannulation can be achieved through the neck vessels (internal jugular vein and carotid 

artery) or through the femoral vessels (femoral vein and artery) in children weighing >15 kg. Children with 

single ventricle circulation palliated with cavopulmonary connections (bidirectional Glenn and Fontan 

circulations) frequently need multisite cannulation for venous drainage. In rare instance when patients have 

adequate cardiac function and only require lung support, veno-venous ECMO (V-V ECMO) can be used, and 

the cannulas for drainage and return are both placed in the venous circulation. 
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 Children with complex congenital heart defects are at risk for occlusion of peripheral vessels used for 

ECMO cannulation, because the vessels may have been accessed previously for cardiac catheterization. Thus, 

knowledge of vessel patency is important in children with complex CHD and previous history of multiple 

cardiac catheterization procedures. Chan and colleagues, in a report of 492 children with CHD supported with 

ECMO following cardiac arrest, showed that the use of the right carotid artery for V-A ECMO was associated 

with improved survival to hospital discharge as compared with transthoracic cannulation. The authors 

speculate that the reason for improved survival may be related to fewer cardiopulmonary resuscitation (CPR) 

interruptions during neck cannulation.31  Finally, the American Heart Association recently published a 

statement on cardiopulmonary resuscitation in children with CHD, which includes a table of suggested 

cannulation sites for ECMO based on the underlying circulation.32 
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PC-ECMO Outcomes 

Survival and duration of ECMO support  

After PC-ECMO, survival-to-hospital-discharge ranges from 40-60% in most studies of pediatric 

patients. (Table 3). Many factors influence the duration of PC-ECMO support in children, including the 

underlying cardiac lesion, presence of residual lesion, the family’s wishes, cardiac surgical recovery time, and 

the applicability of bridging to transplant if recovery does not occur. Thus, the number of hours of PC-ECMO 

support varies greatly among different studies, ranging from 17 to more than 200 hours (Table 3).17, 19 Survival 
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to ECMO decannulation and hospital discharge also varies in the reported literature, with between 49 to 58% 

making it home alive.17,19,33 These mainly single center studies report higher survival than typically found in 

ELSO registry reports of the pediatric cardiac population.12 Longer-term survival, for example at 1 year post 

PC-ECMO has been reported as high as 41% (Table 3). 33 

Survival to hospital discharge may also vary by age and weight, with higher risk of death in neonates. 

16, 18, 22-24 Infants weighing <3 kg have been reported to have high risk of death after ECMO support.35-37 In a 

study of 4,471pediatric patients supported with ECMO for cardiac indications reported to the ELSO registry, 

there were no survivors among 9 patients weighing < 1.5 kg, and survival was 25% among those who weighed 

1.5 – 2 kg.36 In premature infants, immaturity of the choroid plexus may result in the higher incidence of 

intracranial hemorrhage. Birthweight < 3 kg has been associated with increased risk of neurological 

complications in PC-ECMO for CHD. 38 Indeed, both prematurity and lower birthweight were associated with 

increased mortality and a higher incidence of neurological complications in a study of 641 neonates supported 

with ECMO following cardiac arrest by McMullan and colleagues.39 Bhat and colleagues also examined PC-

ECMO used in infants weighing 3 kg or less; 52% of the patients were decannulated from ECMO and 28.1% 

survived until discharge.35 This study reported one of the longest durations of ECMO support with median 164 

hours (interquartile range 95-231). (Table 3). Thus, the ability to provide adequate ECMO support is affected 

by size, and neurological complications may limit survival in premature neonates (< 34 weeks gestation or 

birthweight < 2 kg). 

Survival to hospital discharge also varies widely based on the complexity of the underlying cardiac 

surgical procedure.25, 27, 33, 40 Allan and colleagues compared the indications for initiation of ECMO in infants 

with shunted single-ventricle physiology to the survival; 81% of patients cannulated for hypoxemia, but only 

29% of those cannulated for hypotension survived to hospital discharge.41 Patients cannulated for shunt 

obstruction had the highest survival (83%). In an STS Congenital Heart Surgery Database study of 2287 

children supported postoperatively with MCS by Mascio and colleagues21, in-hospital mortality was highest 

among in patients supported after repair of truncus arteriosus, the Norwood single ventricle palliation operation 

for HLHS, or the Ross-Konno operation for repair of left ventricular outflow tract obstruction. In these 

circumstances, poor outcomes may be due to the accidental damage of the coronaries during surgery, serious 

aortic regurgitation after an incomplete repair, or an inherently poor systemic ventricle due to congenital aortic 
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stenosis. Patients undergoing repair of an anomalous coronary artery from the left pulmonary artery had the 

best survival.21  

 

 

Predictors of mortality 
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Many studies have identified similar predictors of in-hospital mortality, summarized by Walters and 

colleagues to include longer CPB time, the inability to separate from CPB, elevated blood nitrogen urea 48 

hours after ECMO cannulation, elevated creatinine 48 hours after ECMO cannulation, the need for red blood 

cells or plasma, and elevated right atrial pressure 8 hours after ECMO decannulation (Table 3).29 Kolovos and 

colleagues18 found that CPR during ECMO cannulation, renal failure/dialysis, single ventricle palliated 

circulation, and a lactate trend within 48 hours of ECMO initiation to be associated with in-hospital mortality. 

Alsoufi and colleagues42, 43 found that duration of ECMO, repeat ECMO, neurological complications, renal 

dysfunction, and mechanical complications were associated with in-hospital mortality. In Bhat’s study of PC-

ECMO neonates, renal replacement therapy on ECMO and duration of ECMO support > 231 hours were 

predictors of poor prognosis.35 Renal failure is commonly associated with poorer prognosis in pediatric patients 

receiving PC-ECMO, which is in line with studies conducted in adults.44 Of note, continuous renal replacement 

therapy (CRRT) before ECMO is associated with worse outcomes than either no CRRT or CRRT started after 

ECMO. The former is indicative of underlying renal disease, while the latter may reflect an attempt to prevent 

fluid overload.45 Additionally, worse outcomes may be expected in patients with palliated single ventricle 

circulation with  Glenn or Fontan operations, due to the ineffectiveness of conventional CPR and the high risk 

of brain injury unless the bidirectional cavopulmonary connection is cannulated along with the inferior vena 

cava (ie. bicaval or central cannulation may be required).36,46 

ECMO for extracorporeal cardiopulmonary resuscitation 

Extracorporeal cardiopulmonary resuscitation (ECPR), or ECMO to support CPA, is an important and 

increasing use of ECMO in children who undergo cardiac surgery. Nonetheless, early institution of ECMO 

support prior to CPA in children with deteriorating hemodynamics in the postoperative period is preferable. In 

a study of 81 children supported with ECMO following cardiac surgery for CHD, Chaturvedi and colleagues 

reported that patients who underwent ECMO deployment in the operating room had improved survival to 

hospital discharge as compared with patients with ECMO was deployed in the intensive care unit (64% vs. 

29%) suggesting that early institution of ECMO prevented exposure to a prolonged period of low cardiac 

output. 33  

The ELSO International Summary, January 2019 shows similar survival to discharge for neonates 

supported with ECMO for ECPR as compared with ECMO support for other cardiac indications (41% vs. 
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42%), but lower survival to discharge for pediatric ECPR (42%) as compared to ECMO for other cardiac 

indications (52%) once the neonatal period is complete. Other studies have reported similar survival for ECPR 

and non-ECPR ECMO.47-49 Notably, the risk of neurological injury may be higher in children supported with 

ECPR.48, 49 Survival-to-discharge for both ECPR and non-ECPR ECMO patients is heavily influenced by the 

ability to reverse the postoperative cardiorespiratory failure that necessitated ECMO support.  

 

Complications of Post-Cardiotomy ECMO in Pediatric Patients 

Important complications of PC-ECMO in children and neonates include bleeding, mechanical 

complications, liver failure, sepsis, central nervous system events, and renal failure which are reported at 

different rates in various studies (Table 4).17, 50, 33 Mechanical complications of ECMO are also common. 33 

Neurological sequalae occur frequently in children supported with ECMO. In a study of 90 patients 

by Chow and colleagues,51 only 15 children survived without neurological sequelae. There were short-term 

neurological events (22%) and long-term neurological sequelae (12%), accounting for 39% of survivors. In a 

study of 1,898 neonates with CHD reported to the ELSO Registry, 14% suffered a neurological injury.38 Risk 

factors for neurological injury included birth weight <3kg, pH <7.15 pre-ECMO, and the need for CPR prior 

to ECMO. Importantly, the patients who suffered neurological injury had higher in-hospital mortality (73%) 

as compared with those without neurological complications (53%). Khan and colleagues52 reported that 17.5% 

of neonates supported on ECMO had intraventricular hemorrhage detected by cranial ultrasound (CUS). The 

investigators performed routine daily CUS on all neonatal patients and found that almost all intracranial 

hemorrhages occurred in the first 5 days after surgery (including pre-ECMO), and any hemorrhage after that 

time was associated with clinical symptoms. In infants with an open fontanelle, CUS is a safe bedside screening 

tool, which can be performed regularly when increased vigilance for neurological complications after ECMO 

cannulation is warranted.  

Although femoral cannulation is less common than carotid cannulation in pediatric patients, when the 

femoral approach is used, limb ischemia may be a serious complication.53 Methods to prevent limb ischemia 

in this setting include the use of contralateral femoral vessels for arterial and venous cannulation, the use of 

the smallest arterial cannula for the desired flow rate, incorporation of a chimney graft, and the use of a distal 

reperfusion cannula in an antegrade manner in the femoral artery or in a retrograde manner in the dorsalis 



 
 

172 
 

pedis artery. In a single-center study of 29 children with femoral cannulation for V-A ECMO, Schad and 

colleagues54 found that 29% of those without routine distal perfusion catheter placement suffered ischemic 

complications, compared with only 12% when distal perfusion catheters were routinely placed. In addition, 

non-invasive limb perfusion monitoring with near infrared spectroscopy has translated to better outcomes.55 

 

 

Post-Cardiotomy Veno-Venous ECMO for Respiratory Dysfunction in Pediatric Patients 

Despite advances in CPB techniques and in preventive measures aimed at decreasing respiratory 

complications after cardiac surgery, postoperative acute respiratory distress syndrome (ARDS) occurs in 

1−20% of patients, depending on inclusion criteria. 56-59 The use of V-A ECMO for refractory cardiovascular 

dysfunction after pediatric cardiac surgery has been described, but there is paucity of data on the use of 
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postcardiotomy V-V ECMO. Respiratory distress and hypoxia are reported as indications for ECMO support 

in 2-30% of pediatric patients.11, 13-15 V-V ECMO is an uncommon mode of support for patients with underlying 

cardiac disease, however in selected patients, it may be the mode of choice to facilitate oxygenation and 

decrease pulmonary vascular resistance.13   

 

Controversial Issues and Future Perspectives 

Cardiac catherization during PC-ECMO 

Diagnostic or therapeutic cardiac catheterization can be safely performed on patients receiving ECMO 

support.60 Early detection and correction of residual cardiac lesions is associated with improved survival.16,61 

Catheter-based diagnostic procedures should be considered when non-invasive diagnostic studies fail to 

identify a reason for failure to wean from ECMO and also, to evaluate decompression of the left side of the 

heart.62 Callahan and colleagues reported the results of cardiac catheterization on 36 pediatric patients 

supported by ECMO. 61 They found that the catheterization investigation excluded a residual lesion in 18% of 

the patients, confirmed a residual lesion in 15%, and identified unexpected residual cardiac lesions in 52%. 

Interventions to manage the residual lesion were performed in 50% of cases, including stenting, device closure, 

or thrombolysis. After the cardiac catheterization procedure, 86% of patients were weaned from ECMO and 

72% survived to discharge. Of note, catheter-based diagnostic procedures performed during the first or second 

day of ECMO support (day 0 or 1) significantly reduced the duration of ECMO without impacting survival. 

Recently, Another single center report of cardiac catheterization on 51 children on ECMO support 

demonstrated a low rate of serious complications (5.6%), and subsequent decannulation/weaning and survival 

rates were 71% and 54%, respectively. 63  These studies demonstrate the benefit of cardiac catheterization in 

evaluating PC-ECMO-supported patient, despite the complexity of interpreting hemodynamic measurements 

with ECMO cannulae in situ, with or without cessation of ECMO flow for the procedure. Transport of the 

ECMO patient for cardiac catheterization was reported as uncomplicated, and overall, the complication rate 

was low.61, 63 

Decompression of the left side of the heart 

Assessment and management of left heart decompression is a common indication for cardiac 

catheterization.61, 63 Left heart hypertension of patients managed on ECMO can be addressed by atrial 
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septostomy, use of an axial trans-aortic valve pump (Impella), direct left ventricular venting via an open 

approach, or with left atrial cannulation, either directly or via catheter crossing the atrial septum. Eastaugh and 

colleagues reported percutaneous left heart decompression in 44 of 419 patients managed on V-A ECMO, via 

atrial septostomy, stenting of the atrial septum or left atrial venting across the atrial septum.64 All techniques 

were equally successful at reducing left atrial pressure and decreasing pulmonary edema. Another single center 

study reported left heart decompression in 49 children managed on central V-A ECMO with left atrial venting, 

atrial septostomy, and left ventricle cannulation.65 Elective left heart decompression was associated with 

reduced duration of ECMO support, but was not associated with improved survival. Recently, an Impella 

device was used to decompress the left ventricle of 4 children on V-A ECMO.66 The device reduced left atrial 

pressure and increased tissue perfusion as observed by near infrared spectroscopy. Institutional preferences for 

assessment, timing, and mechanism of left heart decompression vary. 

Single ventricle physiology 

Despite advances in care, mortality after ECMO support in patients with single ventricle palliated 

circulation remains greater than 50%.18,67,28 The higher mortality in this subset of patients with cardiac 

palliation has been hypothesized as an imbalance between systemic and pulmonary blood flow and associated 

suboptimal coronary perfusion and increased probability of ventricular distension.28, 68 Indications for ECMO 

in pediatric patients with single ventricle palliated circulation are comparable to those in patients with 

biventricular circulation, but additional complications are associated with systemic-to-pulmonary artery 

shunts.62 When the pulmonary circulation is supplied by a systemic-to-pulmonary artery shunt and ECMO 

support is instituted, the shunt is most often left open. Adequate support of this circulation may require an 

augmented circuit blood flow of 150-200 ml/Kg/min to allow for diastolic run-off to the pulmonary circulation. 

In patients with single ventricle palliated circulation, cannulation strategy is an important issue.32, 41, 48 In-

hospital mortality rates with the use of ECMO after the Norwood single ventricle palliation procedure exceed 

50%.69, 70 ECMO support of patients with Glenn and Fontan circulation is associated with additional 

complexity due to the surgical anatomy and resulting physiology. Multiple drainage cannulae may be required 

to optimize support.32 In all stages of single-ventricle palliation, long-duration ECMO, inotropic support, and 

renal failure are associated with higher mortality.48,49 The adequacy of the cannulation strategy should be 
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questioned if the ECMO-supported patient with a single ventricle palliated circulation has evidence of ongoing 

poor end-organ oxygen delivery. 

ECMO costs 

Against the background of high mortality prior to hospital discharge, the cost of ECMO support requires some 

consideration. Mahle and colleagues focused on hospital costs in 32 pediatric patients with CHD who received 

salvage ECMO (18 for cardiopulmonary arrest and 14 PC shock).71 Survival to hospital discharge was 50% 

and 1-year survival was 47%. The quality-of-life of the survivors was determined with the Health Utilities 

Index Mark II, and  median cost for hospital stay after institution of ECMO was $156,324 per patient. The 

calculated cost-utility for salvage ECMO in this population was $24,386 per quality-adjusted life-year saved, 

which would be considered within the range of accepted cost-efficacy (<$50,000 per quality-adjusted life-year 

saved). The authors note, however, that although the hospital costs for salvage cardiac ECMO are similar to 

those for neonatal ECMO for noncardiac indications, the calculated cost-utility is slightly less favorable. 

Salvage cardiac ECMO may be somewhat less cost-effective than noncardiac ECMO since the survival to 

hospital discharge is lower for cardiac patients. In addition, life expectancy for children with complex CHD, 

such as those with single ventricle palliated circulation, is lower than for children with respiratory distress in 

the neonatal period. Other investigators also noted a greater cost was associated with smaller hospitals and 

hospital location.72 

Bridging to heart transplantation 

ECMO support for children with circulatory failure awaiting heart transplantation has been analyzed 

using combined data from the ELSO Registry and the United States Organ Procurement Transplant Network 

(OPTN).10 The authors demonstrated that ECMO was associated with high mortality while on the waiting list, 

and one-third of the patients who received a heart transplant died before hospital discharge. Overall, survival 

to hospital discharge of this population was 47%. In this context, other forms of temporary MCS are often 

considered for children awaiting heart transplantation.73 While bridging to transplantation represents a different 

clinical challenge than PC-ECMO, these studies may lead to innovative techniques for post-cardiotomy 

circulatory support that will advance the field. 

 

Limitations of the Review 
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Pediatric PC-ECMO, particularly in the setting of CHD, is a technically challenging but potentially 

life-saving mode of support. There is limited evidence to inform clinical practice. We acknowledge several 

limitations to the current systematic review that are inherent to retrospective, observational studies. Indeed, 

most of the studies assembled here are single-center case series reports, precluding statistical analyses and 

lacking the power to detect some clinically significant differences in outcome. Secondly, the analyses were 

seldom adjusted for underlying confounders, such as duration of ECMO, cannulation strategy (peripheral vs 

central), cannula types and ECMO weaning protocols. Finally, although studies with large data sets coming 

from clinical registries (STS, ELSO, OPTN and PHIS) are discussed in the text, they were not included in the 

tables. 20, 21, 36, 38, 74   

 

Conclusion 

V-A ECMO is the optimal support technique in children with CHD and post-cardiotomy shock. ECMO 

facilitates augmented cardiac output and respiratory gas exchange to improve the metabolic status of both 

preoperative and post-cardiotomy patients. Although PC-ECMO can improve survival of this vulnerable 

population, mortality and morbidity remain high. Complications related to bleeding, thrombosis, and infections 

increase mortality and are major areas for improvement. Neurological injury and neurodevelopmental 

impairment are common in pediatric patients post PC-ECMO and reflect the severity of critical illness, 

complexity of cardiac surgery and complications of ECMO support. Bridging to cardiac transplantation can 

be successful if PC-ECMO does not lead to cardiac recovery, but the availability of organs and waiting list 

duration are ultimately factors in survival. The paucity of standardized care processes, informed patient 

selection, optimal timing of ECMO deployment, anticoagulation strategies or weaning protocols and the lack 

of long-term follow up of survivors after PC-ECMO demonstrated on systematic review informs the urgent 

need for further studies to inform best management of this high-risk population. 
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Pulmonary Artery Cannulation to Enhance Extracorporeal Membrane Oxygenation 

Management in Acute Cardiac Failure 
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Abstract 

Objective. Pulmonary artery (PA) cannulation during peripheral veno-arterial extracorporeal membrane 

oxygenation (V-A ECMO) has been shown to be effective either for indirect left ventricular (LV) unloading 

or to allow right ventricular (RV) bypass with associated gas-exchange support in case of acute RV with 

respiratory failure. This case-series reports the results of such peculiar ECMO configurations with PA 

cannulation in different clinical conditions.  

Methods. All consecutive patients receiving PA cannulation (direct or percutaneous) from January 2015 to 

September 2018 in 3 Institutions were retrospectively reviewed. Isolated LV unloading or RV support, as well 

as dynamic support including initial drainage followed by perfusion through the PA cannula, were used as part 

of the ECMO configuration according to the type of patient and hemodynamic/functional needs.  

Results. Fifteen patients (8 males, age range 45-73 years, EuroSCORE log range 14.45% – 91.60%) affected 

by acute LV, RV, or bi-ventricular failure due to various etiologies, were supported by this ECMO mode. 

Percutaneous PA cannulation was performed in 10 patients, and direct in 5 cases. Dynamic ECMO 

management (initially draining and then perfusing through the PA cannula) was carried out in 6 patients. Mean 

ECMO duration was 9.1 days (range 6-17 days), one patient had pericardial fluid appearance during PA 

cannula implant (no lesion found at open-chest), and temporary circulatory support weaning was achieved in 

14 patients (one transplanted). Three patients (20%) died in-hospital, and 12 patients were successfully 

discharged without major complications. 

Conclusion. Effective indirect LV unloading in peripheral V-A ECMO as well as isolated RV support can be 

achieved by PA cannulation. Such an ECMO configuration may allow to counteract common V-A ECMO 

shortcomings or allow dynamic/adjustable ECMO management according to peculiar ventricular dysfunction 

and hemodynamic needs. Percutaneous PA cannulation was shown to be safe and feasible without major 

complications.  Additional investigation is needed to confirm the safety and efficacy of such an ECMO 

configuration and management in a larger patient population.  
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Introduction 

Veno-arterial extracorporeal membrane oxygenation (V-A ECMO) is an effective tool for cardio-circulatory 

assistance during acute and refractory cardiogenic shock [1]. This temporary circulatory support is used to 

counteract left ventricular (LV), right ventricular (RV), or bi-ventricular (BiV) dysfunction. However, despite 

well-established advantages related to restored adequate peripheral blood flow and oxygenation, V-A ECMO 

may induce maladaptive hemodynamic changes. Indeed, due to ECMO-related retrograde flow towards the 

aortic valve, LV afterload is increased and this may induce de novo or further LV deterioration, with the worst 

scenario characterized by protracted aortic valve closure and LV blood stasis [2]. Several modalities have been 

proposed and used to address such complications with a wide range of direct or indirect LV unloading 

procedures, including enhanced right-sided drainage by means of an additional cannula positioned in the PA 

[2].  

An additional potential drawback in peripheral V-A ECMO is represented by a low oxygen 

saturation/provision in the upper part of the body due to de-oxygenated blood coming from the lung circulation 

to the LV and, hence, to the supra-aortic vessels, condition known as “Harlequin Syndrome” or “North/South 

Syndrome” [3].  

Another important aspect of V-A ECMO relates to the use of such a temporary circulatory support in the 

presence of RV dysfunction. The prevalence of acute RV failure among acute heart failure-related hospital 

admissions ranges between 3% and 9% with an in-hospital mortality ranging from 5% to 17% [4]. In cardiac 

surgery patients, regardless whether occurring pre-, intra-, or perioperatively, severe RV impairment has a 

prevalence below 10%, but may be higher in patients undergoing heart transplant and left ventricular assist 

device therapy [5]. Complicated intensive care unit courses are commonly observed, and in-hospital mortality 

remains high [5, 6]. Conventional peripheral V-A ECMO is a well-established support in the presence of 

isolated or associated RV failure, but negative impact on lung perfusion and LV performance may also occur 

with such an ECMO configuration [1-3]. 

Severe BiV failure in cardiac surgery patients represents an even more challenging condition. This 

deterioration is most probably due to overload conditions (long-lasting valve dysfunction), pre- or intra-

operative myocardial ischemia (acute coronary stenosis or occlusion, inappropriate myocardial protection) or 

to severe inflammatory/immune response (acute myocarditis) [7, 8]. The use of temporary circulatory support 
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in this circumstance is usually challenging due to the different ventricular hemodynamics/behavior and 

recovery time during the illness course [9-17].  

Based on the above-mentioned limitations and shortcomings with standard V-A ECMO configuration, it is 

clear that peripheral V-A ECMO may provide satisfactory peripheral blood flow and oxygenation, but induce 

maladaptive and untoward effects, either to the LV unloading or upper-body perfusion. It may also represent 

a too aggressive approach in case of isolated RV dysfunction. Furthermore, the application of static V-A 

ECMO configuration may not be ideal to address hemodynamic changes occurring during the illness course, 

or face isolated and individual ventricular response to temporary support. The possibility to design and apply 

modified and adjustable ECMO configurations which might address or avoid such complications, or favor a 

more adequate and hemodynamic-oriented support mode, would represent a more effective way to establish 

temporary support. 

The use of pulmonary artery (PA) catheter or cannula has been previously reported to address LV unloading 

or RV support [2,13]. Nonetheless, this technique has been poorly investigated, besides limited case reports, 

as well as usually described as a fixed perfusion-related modality. We recently designed a modification of 

conventional ECMO modes with PA cannula [18], and applied this in patients with post-cardiotomy and non-

post-cardiotomy cardiogenic shock.  The adopted strategy was meant to provide indirect LV unloading in case 

of V-A ECMO, but also to achieve an isolated RV or dynamic BiV hemodynamic support, taking advantage 

of the presence of a PA cannula in order to adjust the ECMO configuration and action in accordance to the 

ongoing cardiac function and recovery. 

 

Methods 

Patients 

All the consecutive patients supported with V-A ECMO and adjunctive PA cannulation (direct or 

percutaneous) at Maastricht University Medical Center, Civic Hospital Brescia, and Sant’Orsola-Malpighi 

University Hospital Bologna, from January 2015 to September 2018 were retrospectively reviewed. The 

outcome of a modified ECMO configuration with PA cannulation for indirect LV unloading and its 

management in the presence of RV and BiV dysfunction were analyzed.   

Definition of refractory LV, RV, or BiV dysfunction followed established criteria [19] in particular, in relation 
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to acute and refractory RV failure, the presence of a dilated chamber (Figure 1), pre-operative severely 

increased right atrial pressure (>16mm Hg), dilated inferior vena cava (>20mm) without inspiratory variation 

on transesophageal echocardiography, tricuspid annular plane systolic excursion <12 mm, with or without 

need of (intravenous) diuretic or inotropic support, were usual features. Signs of RV stasis (liver and kidney 

dysfunction confirmed by blood samples with increased related parameters) could also be present. Patients 

with ECMO implanted prior to surgery were excluded from this analysis.  

The local ethical committee approved the current study design and waived the need for informed consent due 

to the observational character of the study (METC 2018-0797, November 7th 2018). 

 

 

Figure 1. Preoperative transthoracic echo in a patient showing the marked bi-ventricular dilatation associated 

with severe dysfunction, particularly of the right side (white arrow).  

 

ECMO Configuration and Management 

Briefly, in case of V-A ECMO mode, the modified configuration included semi-percutaneous cannulation 

(cannula introduced in the vessels below the skin incision with Seldinger technique) of the femoral vein in the 

right atrium and femoral artery, with adjunctive PA cannulation. Configuration and different access 

possibilities are schematically presented in the Figure 2. The PA cannula is used, if needed, as an additional 
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draining cannula to enhance LV unloading. The LV unloading was assessed by transesophageal 

echocardiogram, in relation to LV distension/dimension, as well as by looking at the signs of blood stasis and 

left cardiac valve openings (aortic and mitral). The aortic pressure curve pulsatility (presence and index) was 

used to alert attending personnel about the urgent need for echo assessment, besides routine and periodical 

echocardiographic monitoring. Indications for LV venting have been previously presented [2, 17].  

The same PA cannula might provide blood flow into the PA in case of RV bypass mode or hybrid V-A ECMO 

[18]. In one case, the right atrium was cannulated through the femoral vein as inlet arm and the PA cannula as 

outlet arm, enabling isolated RV support. Cannulation of PA was carried out either directly (intra-operatively) 

(Figure 3A) or percutaneously (Figure 3B) according to the timing and clinical situations warranting the 

temporary circulatory support.  

V-A ECMO weaning protocol was performed according to the standard ELSO guidelines 

(https://www.elso.org/Resources/Guidelines.aspx). Right ventricular free wall myocardial recovery and a 

tricuspid annular plane systolic excursion greater than 12 mm at echo and an arterial and venous saturation 

greater than 90% and 65% respectively, were used as indicators for a reasonable weaning off of PA 

cannulation.  

 

Figure 2. Schematic overview of configuration and access possibilities with adjunctive pulmonary artery 

cannulation.  
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Oxy-RVAD: oxygenated right ventricular assist device, mini-RVAD: minimally invasive right ventricular assist 

device, V-AV: veno-arterial venous, VV-A: venovenous-arterial. 

 

Pulmonary artery cannulation technique 

For direct PA cannulation, carried out in operating theater during full or partial sternotomy operations, two 4/0 

polypropylene purse-string sutures reinforced with Teflon pledgets felts are placed on the anterior wall of the 

PA, 2 cm downstream the pulmonary valve and root. A 19 or 21 French (according to the patients’ body size) 

cannula with a multi-hole tip (Byomedicus®, Medtronic, MN) is then introduced in the PA and tunneled at the 

subxyphoid space, and connected to the ECMO circuit. As an alternative method for direct cannulation, a 

vascular prosthesis is anastomosed to the main PA using a two 5/0 polypropylene running suture and tunneled 

at the subxyphoid space, allowing postoperative cannula withdrawal and prosthesis ligation without reopening 

the sternum [20]. The cannula is connected to the outflow or inflow of the ECMO circuits according to the 

required ECMO configuration and modality, including a veno-arterial venous mode, with the PA cannula as 

an additional central perfusion port and connected to the outflow (arterial) circuit, or a venovenous-arterial 

mode, with the PA cannula as an adjunctive central draining cannula and connected to the inflow (venous) 

circuit.  

When PA cannulation is warranted post-operatively or not in surgical candidates, a percutaneous cannulation 

is advocate under fluoroscopy and echocardiographic guidance [18]. A right internal jugular venous access is 

established using direct ultrasound visualization. A soft guidewire is placed in the PA with fluoroscopic 

confirmation or using a Swan-Ganz catheter. Then, along the guidewire, a pig-tail catheter is positioned in the 

same location of the guidewire tip, and, in case of doubtful position, transesophageal echocardiography is used 

or a small dye injection is delivered to confirm the relationship between the pulmonary valve and the guidewire 

tip. After withdrawal of the soft guidewire, a superstiff guidewire (Amplatzer, Boston Scientific, Malborough, 

MA) is advanced within the pig-tail catheter which is finally removed. Through a stepwise dilatation of the 

skin access, a 19- or 21-French (according to the patient’s body size) multi-hole tip cannula (Biomedicus®, 

Medtronic, Minneapolis, MN) as part of a double-cannulation configuration (a venous cannula positioned in 

the right atrium from the right or left femoral vein), or (29 French ProtekDuo® LivaNova, London, UK) a 

double-lumen cannula, in the single-cannula configuration, is finally positioned along the superstiff guidewire 
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in the main pulmonary trunk, after which fluoroscopic and transesophageal assessment can confirm the 

adequate position (Figure 3B). 

 

Figure 3.  A. X-ray showing a cannula positioned in the main pulmonary artery with direct cannulation 

(uninterrupted arrow) and a cannula in the right atrium (dotted arrow), B. Fluoroscopy picture showing the 

percutaneous cannula positioned in the main pulmonary artery from the right internal jugular vein 

 

Results 

Fifteen patients were submitted to PA cannulation during ECMO support for LV, RV or BiV failure. 

Demographics, operative characteristics, ECMO indication and configuration, and additional assist devices are 

presented in Table 1. Age ranged from 45 to 73 years, 8 patients (53%) were male. The etiology of cardiogenic 

shock included post-cardiotomy (9 patients), acute myocardial infarction (3 patients), acute myocarditis (2 

patients) and decompensated dilated cardiomyopathy (1 patient). All patients had severe RV dysfunction 

(tricuspid annular plane systolic excursion ranging from 4 to 9 mm prior to surgery) and dilatation (Figure 1). 

All subjects had associated LV dysfunction (LV ejection fraction ranged from 14% to 35%, mean 20%). 

Twelve patients had concomitant intra-aortic balloon pump (2 already present at the time of surgery). Ten 

patients received percutaneous cannulation of the PA, whereas 5 subjects had direct cannulation of the main 
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trunk of the PA intraoperatively. The duration of ECMO ranged from 5 to 17 days, and length of intensive care 

unit-stay from 15 to 40 days. 

No major complications were observed in relation to PA cannulation, either direct or percutaneous, achieving 

an optimal cannula position and flow characteristics in all cases (Table 2). Pericardial effusion during 

percutaneous cannulation of the PA, requiring an open-chest procedure due to the suspicion of RV or right 

atrial perforation, but no injury was found, with final direct PA cannulation. In one patient, with isolated RV 

failure, the PA cannula was used as a reperfusion cannula from the beginning of temporary support. 

Major in-hospital complications are listed in Table 2. In-hospital mortality rate was 20%, including one death 

on-ECMO due to massive cerebral hemorrhage, one for septic shock following a successful weaning, and one 

due to sepsis secondary to leg ischemia. Eventually, 12 patients were discharged, and are alive as well as in 

good clinical conditions at follow-up (range 6 months to 30 months). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Patient charachteristics.  
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EuroSCORE: European System for Cardiac Operative Risk Evaluation, ECMO: Extracorporeal Membrane Oxygenation, PA: Pulmonary Artery, M: Male, 

F: Female, AMI: Acute Myocardial Infarction, VSD: ventricular septal defect; PCS: post-cardiotomy shock; RV: Right Ventricle, V-V: Veno-Venous, 

oxyRVAD: oxygenated Right Ventricular Assist Device, IABP: Intra-Aortic Balloon Pump, MR: Mitral Regurgitation, MS: Mitral Stenosis, AR: Aortic 

Regurgitation, AA: Ascending Aorta, BiV: Biventricular, VV-A: Veno-Venous Arterial, AS: Aortic Stenosis, CAD: Coronary Artery Disease, PE: 

Pulmonary Embolism, AM: Acute Myocarditis, HTx: Heart transplantation, DCM: Dilative Cardiomyopathy 
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Discussion 

The presence of severe RV or BiV dysfunction, regardless of the timing of onset and duration, is a well-known 

negative determinant of unfavorable in-hospital outcome in cardiac surgery patients [4,7-9]. In case of 

refractory and persistent RV or BiV failure, the use of mechanical circulatory support devices may represent 

a favorable option. This method facilitates hemodynamic stabilization, limits dosages of inotropic or 

vasopressors, and allows sternal closure. The use of temporary circulatory support systems is usually applied 

in these circumstances, as more complex and long-lasting mechanical devices are more expensive, more 

cumbersome to implant, and mostly available in transplant-centres. V-A ECMO is currently the most widely 

adopted system used for temporary assistance in post-cardiotomy and post-acute myocardial infarction adult 

patients, although other types of devices have been used successfully [6, 7, 15, 16]. The conventional ECMO 

configuration is V-A, including right atrial drainage, via direct cannulation or through the femoral vein, and 

reinfusion of oxygenated blood into a peripheral arterial vessel (femoral or axillary artery, peripheral access) 

or directly into the ascending aorta (central approach). The conventional V-A ECMO mode has obvious 

hemodynamic advantages (RV unloading, peripheral oxygenation, temperature control), but carries several 

disadvantages. For example, patients may present with an increased LV afterload leading to insufficient LV 

unloading and upper-body hypoxemia. 

Our series presents the adjunct of a cannula into the PA, acting alternatively as additional drainage or perfusion 

cannula. As demonstrated previously, the addition of a PA cannula as a drainage arm of the ECMO circuit is 
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effective in increasing the venous return and acts as an indirect LV unloading configuration [2]. Indications 

and potential advantages of PA cannulation are reported in Table 3. As a perfusion cannula, the PA approach 

has been used in several ECMO or RV support configurations [15,16]. 

Similar techniques or cannulas  

Pulmonary artery cannulation is not new in ECMO management. Kolobow et al. already described this 

technique for veno-venous ECMO almost 3 decades ago [21]. Avalli and coworkers used percutaneous PA 

cannulation for increasing LV unloading [22]. Recently, Napp and colleagues reported a first-in-man case of 

a fully percutaneous cardiac assistance using the right atrium/PA approach for RV bypass and a transaortic 

device for LV support [23]. The use of PA cannulation to achieve a more effective LV venting is also not new 

in routine cardiac surgery or other ECMO modes [24-25]. Such a venting method may not be as effective as 

direct LV unloading, but provides sufficient adjunctive drainage to right atrial cannula avoiding the need for 

left cardiac chamber-related access or procedures (right superior pulmonary vein cannulation, septostomy or 

intra-septal or cardiac apex cannulation). Indeed, left-sided venting approach is not void of severe or even fatal 

complications [26, 27]. 

In this study, we presented the results of the proposed adoption of a PA-related cannulation with different 

approaches, including a percutaneous implant [23]. Percutaneous approach may take from 20 to 30 minutes, 

but with a Swan-Ganz catheter already in place, implant may take even less [18]. Although percutaneous 

cannulation is usually performed pre- or postoperatively, this method may be applied in the operating room, if 

a hybrid theatre is available [18]. Such a cannulation strategy might be part of the surgical preparation and 

used during cardiopulmonary bypass in high-risk surgical case for perioperative RV dysfunction, and then 

switched to the ECMO circuit once the operation is concluded. This ECMO approach, in combination with 

femoral vein cannulation, facilitates closing of the sternum and may subsequently avoid the need of chest re-

opening at the time of explantation of the cannula, potentially reducing open-chest related complications [28]. 

However, other minimally invasive approach to interrupt the PA perfusion have been recently proposed, like 

the use of PA cannulation through a prosthesis [29]. We used direct cannulation of the PA in cardiac surgery 

patients in order to reduce the operating time and risk of bleeding or injury of the PA, but we acknowledge the 

advantage of the prosthesis-based technique to allow a closed-chest decannulation [28].  
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Finally, based on the intrinsic structural differences between the LV and RV, recovery of the left chamber 

usually occurs more quickly than the right chamber. Therefore, the presence of PA cannulation may be used 

first as a dual-section drainage (right atrium and PA, therefore venovenous-arterial mode). Then, once the LV 

has shown some sign of recovery, or if an upper-body deoxygenation is present (Harlequin Syndrome), a veno-

arterialvenous configuration may be established without adding other cannulas, but only changing flow 

direction in the PA cannula, as presented in our case series. As shown, adverse events might be low. Although 

not observed in our study cohort, PA cannulation could present some peculiar complications, like RV or PA 

injury or perforation with subsequent pericardial effusion and tamponade, as well as it may induce ventricular 

arrhythmias during guidewire or cannula implantation. Although in our experience we observed pericardial 

effusion only in one patient, without any observation of RV or PA perforation after chest opening, these events 

should be taken into consideration. 

 Renal failure is associated with poorer prognosis in patients receiving ECMO [30], and this adverse event was 

the most common complication observed in our patient cohort in accordance to the ELSO International 

Registry data). In our experience, since the percutaneous PA cannulation is mainly performed under 

fluoroscopy and transesophageal echo, no correlation can be found between acute renal failure and contrast 

dye administration. 

This study has the obvious limitations of a retrospective observational study. Although beyond the scope of 

this study, the lack of control group and hemodynamic data to compare and to assess the efficacy of PA 

cannulation in LV unloading during V-A ECMO support with other conventional decompression techniques, 

represent major limitations. Finally, the use of PA cannulation in ECMO and RV support management warrants 

further investigation to fully elucidate implant-related complications and efficacy, either in terms of drainage 

or perfusion mode. 

Although our cohort consists of 15 patients, it is the largest multicenter case series to report on such an ECMO 

configuration until now. Combining PA cannulation with usual inferior or superior vena cava/right atrial 

cannulation provides possibility for both LV unloading as well as RV assist bypassing the right ventricle. The 

initial drainage and then perfusion of the PA in the same patient represents a novel technique. Further 

investigation and research are still required to conclusively confirm the benefits of adjunctive PA cannulation 
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in V-A ECMO patients. However, safety and efficacy of PA cannulation was demonstrated in a very high-risk 

patient, affected by severe RV or BiV dysfunction. 

In conclusion, adjunctive PA cannulation, whenever preoperative or intraoperative BiV or RV dysfunction 

occurs, may allow a better patient management, allowing additional RV drainage and LV unloading, or 

perform RV support, according to the patient hemodynamic needs.  
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ECMO-related technology has witnessed a remarkable progress in the last 20 years. More advanced, 

user friendly, miniaturized technology has made a wider application of such a temporary support 

possible, particularly in several instances once viewed as absolute contraindications.1,2 In the face of 

its recent exponential increase, we must question in which patients is it truly beneficial, giving 

patients time to recover rather than simply prolonging the time of death. ECMO enthusiasts are 

particularly vulnerable to criticism as overall survival for PC-ECMO is not improving.3 Its growth, 

as has been alluded to, is related to easier ECMO institution, more candidates due to increased severity 

of patient disease, more complex procedures with acute, post bypass myocardial dysfunction, and the 

surprising salvage of some patients who otherwise would never have survived.4-12 Reoperations, 

advanced age, surgical urgency, increasingly poor cardiac reserve are increasingly present in cardiac 

surgery candidates, all contributing to higher risk for cardiopulmonary insufficiency after CPB 

weaning, with subsequent pressure on the caregiving team to institute PC-ECMO to avoid ominous 

intra-operative outcome. As a consequence, intraoperative death is nowadays a rare event. These 

circumstances, however, increase the likelihood that ECMO is being over-utilized, in an effort to 

avoid intraoperative mortality, therefore, moving the inevitable event from the operating room to the 

ICU.1,10 ECMO over-utilization needs to be recognized and managed, to maximize survival, 

minimizing its futile use. Obvious targets to accomplish this include, improvements in technological 

aspects of the circuitry, e.g the pump, oxygenator, and tubing design, more reliable anticoagulation, 

rational vasoactive/inotropic support, a better understanding of the most effective ways to achieve 

temporary cardiopulmonary support, more effective monitoring, and improving care-giver education 

and training.  

If PC-ECMO is currently considered a must for any cardiac surgery center in order to provide a life-

rescue tool in case of need, it is also obvious that inexperienced surgeon or surgical- and ICU teams 

may face intra- or perioperative conditions which may require such a temporary support. However, 

even where expertise and advanced ECMO programs exist, PC-ECMO application may still face 

questionable and controversial issues, like proper patient selection, optimal ECMO configuration, 
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adequate prevention or management of complications, and appropriate decision making for recovery 

or switch to more advanced therapies. How could these approaches be achieved allowing the 

attending personnel to appropriately manage PC-ECMO cases? How to avoid futile or useless and 

high resource-consumption procedure to be implemented, either in inexperienced or experienced 

centers?  

The optimal understanding of ECMO application, particularly in the PC setting, remains of paramount 

importance to have a comprehensive overview of the actual impact and advantages/disadvantages of 

such a temporary support. 

The assessment of single-centre experiences in overall PC scenarios, or specific niches, like HTx or 

interventional procedures, may provide additional and relevant information about the potentials and, 

most likely, the future direction of ECMO use and further development. 

Thanks to several individual personal experiences, as presented in the patients series on ECMO in PC 

after HTx or general cardiac surgery, or the appraisal of the further new options/potentials of the new 

ECMO configuration, as demonstrated in our experience with the cannulation of the PA, underline 

once again the real contribution ECMO may provide in these complex situations. Indeed, by thorough 

investigation regarding the use of PC-ECMO in adult and pediatric patients, we could highlight the 

dark and shining aspects of ECMO along the time and, particularly, how variable are the individual 

experiences in such a setting. 

The application of ECMO as a rescue therapy/support, in the presence of perioperative shock like in 

HTx or general cardiac surgery, has shown the potential benefits, but also the high rate of 

complications, somehow apparently strictly related to the extent of maladaptive body reaction, 

secondary to the interaction between the body and a prolonged extracorporeal circulation, but also to 

intrinsic potential shortcoming related to the invasiveness of the technique. 

Our data could once again demonstrate how some complications (like PC bleeding) may affect PC-

ECMO, but they may be related to the type of ECMO configuration and approach. 
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Despite the well-known or still undetermined shortcomings related to the ECMO, or in particular to 

PC-ECMO, it is increasingly clear that such a temporary support allowed the rescue and temporary 

support to bridge the patient to organ recovery or to more advanced care, in situation in which any 

further or different option would have been inapplicable with inevitable patient death. 

The use of ECMO as a transient circulatory or respiratory, or concomitant assistance of both impaired 

systems, has been shown to represent an invaluable opportunity, although characterized by several 

drawbacks. 

The acquisition of new concepts and modalities of support, as we were able to demonstrate through 

the application of cannulas in the pulmonary artery via direct or percutaneous approach, have open 

the way to enhanced modalities and possibilities of further and different type of cardio-circulatory 

support. The availability of this system may enhance the approaches for interventional cardiology 

(like protected coronary angioplasty or transcatheter valve implantation), but also represent a 

currently necessary tool to address refractory compromise of the cardio-circulatory function. 

The advancement of four fields could improve the effectiveness of PC-ECMO: 1) underlying 

pathophysiology of cardiopulmonary failure , 2) the pathophysiologic consequences of ECMO on the 

subject, 3) a standardized, evidence based, structured approach to monitoring, 4) developing better 

biomarkers as predictors, and management guide, 5) ethical and economics implications of ECMO 

utilization, and 6) provider training and education. As medicine approaches these 6 aspects of ECMO, 

assuredly, the current picture of “ECMO” will metamorphose in the years to come.  

Finally, ethics as well as resource allocation are critical factors to be considered when employing 

ECMO as therapy.3 Perhaps as a result of our lack of a sophisticated understanding of its true 

indications, appropriate patient targets, its management, and its exit strategies, the significant 

associated costs and ethical dilemmas seem ever present and at times, unjustifiable. For sure, the 

dilemmas associated with ECMO are all part of a complex scenario, but, to a large degree, providers 

must accept responsibility for shepherding its use, despite the lack of data to inform them.1,3 The 

exponential growth in ECMO use will soon be linked to ethical dilemma related to resource allocation 
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and expenditures. The question already being asked is whether to provide unconditional access to 

ECMO, and particularly to PC-ECMO. Should ECMO program be restricted to centralized hub 

centers, or should hospital case-volumes be subjected to limitations? Limiting access to PC-ECMO 

to only in few expert centers is already untenable, as the need is high, and its initiation is not 

complicated. It has been said recently that great power calls for great responsibility3: PC- ECMO is 

a perfect target for this statement. Therefore, additional efforts aimed at the above 6 target areas is 

mandatory, such that, hopefully, in the near future, the rationale for its use will be understood and 

justifiable in all cases.  
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This thesis highlights the incidence, results, complication and innovative management of patients 

submitted to ECMO because of PC cardiogenic shock. This thesis provides several insights about the 

efficacy of ECMO in several settings of cardiac surgery or related interventions. Indeed, the favorable 

results obtained in complex settings, like HTx and general cardiac surgery confirm the efficacy of 

such a temporary support in case of refractory and life-threatening PC conditions, like graft rejection 

or cardiogenic shock due to variable reasons following cardiac surgery procedures. We could also 

demonstrate the impact of modified and more careful management (particularly in terms of 

anticoagulation and perioperative bleeding control) on the in-hospital results, with a positive trend 

reflecting on satisfactory ultimate outcome of treated patients. 

The importance of the availability of the ECMO support, also as a back-up, has been clearly shown 

by our literature search in the setting of transcatheter valve implantation, particularly in the rescue 

and support of subjects experiencing severe complications, but also the impact of such a support in a 

prophylactic way, that is protecting hemodynamically the patients during high-risk procedure. The 

temporary support with ECMO enabled the performance of difficult and life-threatening procedure 

while guaranteeing cardio-circulatory and respiratory support during procedures which would have 

witness almost certainly complication or highly complex cardiocirculatory dysfunction and failure 

during or just after such procedures. 

Further investigations about ECMO access, either in PC or non-PC settings, have showed that the 

access to implement such a support may also influence the patient outcome, particularly with regards 

to the complication types and rate with the peripheral approach demonstrated as less related to 

bleeding complications, although, the overall survival was not affected comparing the central or 

peripheral access. 

The information available for PC-ECMO has been always rather poor and limited to single-centre 

experiences. A thorough review, with the provision on detailed information about prevalence, in 

relation to the overall cardiac surgery procedural number, conditions, patient profiles, support 
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modalities, complications and outcome at short or long-term, have been also realized for adult and 

pediatric populations, and certainly precious for investigators and people involved in such settings. 

Finally, the presentation of an innovative management in the ECMO scenario, particularly helpful in 

patients experiencing either cardiac arrest or RV dysfunction before or after surgery, has been 

presented by means of a preliminary series of patients. This experience, as a multicenter investigation, 

showed the promising advantages of cannulating the pulmonary artery, also percutaneously. Such a 

technique will certainly be increasingly adopted in the ECMO setting, and particularly in PC subjects, 

allowing the management of complex situation that in the past were characterized by aggressive and 

often unsuccessful approaches. This new procedure and ECMO management will expand the options 

for complex patients, allowing the attending personnel to include minimally invasive and versatile 

configuration for PC-ECMO temporary support, thereby representing a major improvement in these 

patients.   
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SUMMARY 
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Chapter 2. In this chapter we present a single-centre experience of PC-ECMO after heart 

transplantation. The focus on survival after pre- and post-heart transplant mechanical circulatory 

support was described. Excellent results have been reported even in centers with low to moderate 

heart transplant volumes. In our experience, wise application of new mechanical circulatory support 

technologies, both pre- and post-transplant, can improve the results of heart transplantation.  

Chapter 3. This study is a single-centre retrospective analysis of V-A ECMO support for 86 patients 

suffering PC cardiogenic shock after cardiac operations, excluding heart transplantation. 

Postoperative bleeding (overall rate 42%) showed a trend towards a reduced rate over more recent 

years. The survival to discharge was 37%, underlining the complexity of patients and the ECMO 

management.  

Chapter 4. The performance of central versus peripheral cannulation in PC shock is a matter of debate. 

This meta-analysis, including 1.691 patients (980 patients underwent peripheral, and 711 central), is 

the only evidence-based analysis on this topic. The study showed comparable in-hospital survival rate 

between central and peripheral cannulation however, the risk of bleeding, continuous V-V 

hemofiltration and blood product transfusion, was significantly lower with the peripheral cannulation 

strategy.  

Chapter 5. V-A ECMO support should be available at any centre performing TAVI and provides 

effective mechanical circulatory support if hemodynamic instability or cardio-circulatory 

injury/complication occurs. This review includes 102 patients (2%) that required ECMO among 5.115 

TAVI procedures (22 prophylactically, 66 as an emergency and 14 without a reported indication). 

The overall in-hospital survival was 73% (61% in the emergency vs 100% in the prophylactic group) 

showing a good results of this treatment during complicated TAVI.  

Chapter 6 and Chapter 7. State-of-art reviews on PC V-A ECMO after adult and pediatric cardiac 

operations. Indications, management of ECMO, and outcome are extensively reported providing a 
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comprehensive information about all aspects for better understanding and further research on this 

setting.  

Chapter 8. This chapter report an analysis of 15 patients affected by RV or BiV failure and supported 

with ECMO using an innovative management. Through the pulmonary artery cannulation, LV 

unloading in case of signs of blood stasis and pulmonary edema, or also providing isolated RV support 

as patients’ outflow cannula, have been shown feasible and effective by means of the drainage or 

perfusion through such a cannula. Percutaneous implant has been also shown, making such a 

configuration attractive also for patients in whom a more aggressive approach might induce life-

threatening complications. Finally, the presence of a cannula in the pulmonary artery allows the 

performance of versatile ECMO management (so-called “Dynamic ECMO”) changing the flow 

direction, drainage or perfusion, according to the patient needs and hemodynamic conditions. 
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SAMENVATTING 
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Hoofdstuk 2. In dit hoofdstuk presenteren we een single-center ervaring van PC-ECMO na 

harttransplantatie. De focus op overleving na pre- en post-hart transplantatie mechanische 

circulatieondersteuning werd beschreven. Uitstekende resultaten zijn gemeld, zelfs in centra met lage 

tot matige harttransplantatievolumes. Onze ervaring is dat verstandige toepassing van nieuwe 

mechanische ondersteuning van de bloedsomloop, zowel voor als na de transplantatie, de resultaten 

van harttransplantatie kan verbeteren. 

 

Hoofdstuk 3. Deze studie is een single-center retrospectieve analyse van V-A ECMO-ondersteuning 

voor 86 patiënten die lijden aan PC cardiogene shock na hartoperaties, exclusief harttransplantatie. 

Postoperatieve bloedingen (totaalpercentage 42%) vertoonden een trend in de richting van een 

verlaagd percentage over recentere jaren. De overleving na ontslag was 37%, wat de complexiteit van 

patiënten en het ECMO-management onderstreept. 

 

Hoofdstuk 4. De prestaties van centrale versus perifere canulatie bij pc-shock is een kwestie van debat. 

Deze meta-analyse, inclusief 1.691 patiënten (980 patiënten ondergingen perifere en 711 centrale), is 

de enige evidence-based analyse over dit onderwerp. De studie toonde een vergelijkbaar 

overlevingspercentage in het ziekenhuis aan tussen centrale en perifere canulatie, maar het risico op 

bloedingen, continue V-V hemofiltratie en bloedproducttransfusie was significant lager met de 

strategie voor perifere canulatie. 

 

Hoofdstuk 5. V-A ECMO-ondersteuning moet beschikbaar zijn in elk centrum dat TAVI uitvoert en 

biedt effectieve mechanische bloedsomloopondersteuning als hemodynamische instabiliteit of 

cardiovasculaire schade / complicatie optreedt. Deze beoordeling omvat 102 patiënten (2%) die 

ECMO nodig hadden onder 5.115 TAVI-procedures (22 profylactisch, 66 als noodgeval en 14 zonder 

een gerapporteerde indicatie). De totale overleving in het ziekenhuis was 73% (61% in de noodgeval 
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versus 100% in de profylactische groep), wat een goede resultaten van deze behandeling tijdens 

gecompliceerde TAVI laat zien. 

 

Hoofdstuk 6 en Hoofdstuk 7. Geavanceerde beoordelingen van PC V-A ECMO na cardiale operaties 

bij volwassenen en kinderen. Indicaties, beheer van ECMO en resultaten worden uitgebreid 

gerapporteerd met uitgebreide informatie over alle aspecten voor een beter begrip en verder 

onderzoek naar deze instelling. 

 

Hoofdstuk 8. Dit hoofdstuk rapporteert een analyse van 15 patiënten die getroffen zijn door RV of 

BiV falen en ondersteund worden met ECMO met behulp van een innovatief management. Door 

middel van de canule van de longslagader is het lossen van LV in het geval van tekenen van 

bloedstasis en longoedeem, of ook het bieden van geïsoleerde RV-ondersteuning als de 

uitstroomcanule van de patiënt, haalbaar en effectief gebleken door middel van drainage of perfusie 

door een dergelijke canule. Percutaan implantaat is ook aangetoond, waardoor een dergelijke 

configuratie ook aantrekkelijk is voor patiënten bij wie een agressievere aanpak levensbedreigende 

complicaties kan veroorzaken. Ten slotte maakt de aanwezigheid van een canule in de longslagader 

het mogelijk om veelzijdig ECMO-beheer uit te voeren (zogenaamde “Dynamic ECMO”) het 

veranderen van de stroomrichting, drainage of perfusie, afhankelijk van de behoeften van de patiënt 

en hemodynamische omstandigheden).  
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