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ABSTRACT 

Introduction: Extracorporeal Membrane Oxygenation (ECMO) is used in selected patient with cardiogenic and/or re- 
spiratory shock. We report our experience with standardized management protocols and the application of the Qua- 
droxD oxygenator with a centrifugal pump to maximize end-organ recovery and improve survival. Methods: This is an 
Internal Review Board (IRB) approved, single institution retrospective study of end-organ recovery and survival in pa- 
tients who required ECMO for cardiogenic and/or respiratory shock between July 2010 and June 2011. Results: Sixteen 
patients (median age: 46 years) were initiated on either Veno-Arterial (VA) or Veno-Venous (VV) ECMO. Cardiogenic 
shock, acute respiratory distress syndrome (ARDS) and a combined respiratory and cardiogenic compromise were the 
primary indications for ECMO in 8 (50%), 5 (31%) and 3 (19%) patients respectively. The median time on ECMO was 
8 days (range: 4 - 26 days). Twelve patients (75%) were successfully weaned off ECMO, of which four (25%) were 
bridged to a ventricular assist device (VAD) and eight (50%) were weaned to recovery. All eight patients (100%) that 
were weaned to recovery and two patients (50%) that were bridged to a VAD were successfully discharged from the 
hospital, resulting in a discharge rate of 63%. There was an improvement in pre- vs. post-ECMO AST (449 IU/L vs. 63 
IU/L, p < 0.05) in 5 patients (31%) with liver injury; serum lactate (9.1 mmol/L vs. 1.9 mmol/L, p < 0.05) in 8 patients 
(50%); and PaO2/FiO2 ratio (87 to 161, p = 0.01) in 10 patients (62%) with ARDS. Patients with evidence of pulmonary 
edema (n = 8, 50%) and ARDS (n = 8, 50%) on chest X-ray showed radiographic evidence of complete resolution. Renal 
function was preserved in 15 patients (94%). Conclusion: ECMO using the QuadroxD oxygenator and a centrifugal 
pump, coupled with standardized management protocols is beneficial in carefully selected patients. Improvement or main- 
tenance of end-organ function is associated with successful bridge to device therapy and/or increased survival. 
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1. Introduction 

Extracorporeal Membrane Oxygenation (ECMO), a the- 
rapy first described in 1972 by Hill et al. [1], is a well- 
established form of temporary mechanical cardiopulmo- 
nary support for patients in severe life threatening car- 
diac and/or respiratory shock [2,3]. The positive outcomes 
associated with this intervention were historically low 
however major developments in mechanical circulatory 
support technology have been made over the past decade 
[4]. Subsequently, there has been an increase in its use 
and an improved survival-to-discharge rate [5-8]. 

Veno-Arterial (VA) and Veno-Venous (VV) ECMO are  

two basic types of ECMO. The former provides support 
for both the heart and lungs, whereas the latter provides 
support only for the lungs. The primary components of the 
ECMO circuit are the pump and the oxygenator/heat ex- 
changer that assume the role of the heart and the lungs 
respectively [4]. 

A major contribution to ECMO technology over the 
past decade is the development of the polymethylpentene 
(PMP) membrane oxygenator. It combines the best as- 
pects of its predecessors (the silicone membrane and the 
hollow fiber polypropylene membrane oxygenators) and 
when compared to them, has been reported to improve 
gas exchange and efficiency, increase longevity and re- 
sults in less blood trauma [4,7-10]. Another critical deve- 
lopment in ECMO therapy is the evolution of the cen-  *Corresponding author. 
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trifugal pump, driven by a magnetic impeller. This cen- 
trifugal pump is gaining popularity worldwide and has 
been reported to result in reduced hemolysis, blood trans- 
fusions, and circuit complications [11,12]. 

As technology develops, so does our understanding of 
the physiology of patients that are placed on ECMO. A 
concept that is often mentioned in the literature, but rarely 
scientifically analyzed and reported is that of “end-organ 
recovery”. An understanding of this concept is vital for 
successful extracorporeal therapy. Patients who present 
with multi-organ dysfunction secondary to failure of the 
cardiopulmonary systems require not only cardiopulmo- 
nary support through ECMO but also require a resolution 
of the end-organ injury. The restoration of organ function 
is the key to successful wean to recovery, bridge-to-deci- 
sion (heart transplantation) or bridge-to-bridge (ventri- 
cular assist device [VAD] implantation) therapy. We 
sought to examine the evidence for improvement in end- 
organ function on patients on ECMO. 

2. Methods 

2.1. Patients 

Data on all patients who received ECMO from July 2010 
was collected and recorded in an IRB-approved ECMO 
database. Patients were mainly in-hospital referrals/con- 
sultations; however, in some instances, patients were 
cannulated and placed on ECMO at an outside hospital 
and were transported to our unit for further management. 
All patients placed on ECMO with a PMP hollow fiber 
membrane oxygenator and a centrifugal pump between 
June 2010 and July 2011 were included in this study. 
Patients receiving ECMO using a hollow fiber polypro- 
pylene membrane oxygenator were excluded from this 
study. The patients who were placed on ECMO as a form 
of salvage therapy (duration of ECMO <48 hours) and 
patients who required cardiopulmonary resuscitation >1 
hour prior to initiation of ECMO were also excluded 
from this study. 

2.2. Indications and Contraindications 

Indications for VA-ECMO support at our institution are 
age <75 years, post-cardiotomy cardiopulmonary shock 
(failure to wean off cardiopulmonary bypass), cardiogenic 
shock defined as cardiac index <2 L/min, mean arterial 
pressure <60 mmHg, and a lactic acidosis refractory to 
>3 inotropic agents or other conventional circulatory sup- 
port (i.e. intra-aortic balloon pump and/or Impella tem- 
porary cardiac assist device), acute decompensation of 
congestive heart failure refractory to cardiac support, as 
an adjunct to cardiopulmonary resuscitation, and in pa- 
tients who require temporary support/clinical status im- 
provement prior to initiation of a ventricular assist device. 
Indications for VV-ECMO are age <75 years, respiratory  

failure, hypoxia and/or acidosis despite optimal mecha- 
nical ventilator support. Contraindications for placement on 
VA-ECMO are age >75 years, sepsis, severe aortic regur- 
gitation, terminal malignancy, irreversible neurologic in- 
jury, untreated aortic dissection, and severe atherosclerosis. 
Contraindications for VV-ECMO were similar except for 
severe aortic regurgitation and irreversible respiratory 
failure. 

2.3. ECMO Cannulation and Circuitry 

In patients on VA-ECMO, femoral cannulation was pre- 
ferred, whilst those who received VV-ECMO were can- 
nulated via the neck into the right internal jugular vein 
using the Avalon bicaval dual-lumen cannula (Avalon 
Laboratories, LLC, Rancho Dominguez, CA). All patients 
were cannulated peripherally via percutaneous insertion 
using a modified Seldinger technique. The heparin coated 
Heart and Lung cannula (HLS cannula, Maquet Cardio- 
vascular LLC, San Jose, CA) was used for percutaneous 
cannulation and it was connected to the closed crystalloid 
primed circuit (~300 ml). The ECMO circuit consisted of 
the QuadroxD PMP membrane oxygenator (Maquet Car- 
diovascular LLC, San Jose, CA) and the Rota flow cen- 
trifugal pump (Maquet Cardiovascular LLC, San Jose, 
CA) from September 2010 to July 2011. Prior to that, the 
Medtronic Bio-Medicus centrifugal pump (Medtronic, 
Minneapolis, MN) was used instead of the Rotaflow pump 
in two patients. 

2.4. Tissue Perfusion Monitoring 

In patients on VA-ECMO, a distal perfusion catheter was 
placed prophylactically in all patients to avoid distal ex- 
tremity ischemia. All patients were externally monitored 
using near-infrared spectroscopy (NIRS, INVOSTM, So- 
manetics, Troy, MI). NIRS sensor pads were placed bi- 
laterally on patients’ foreheads (cerebral oximetry) and 
on their distal extremities (femoral/extremity oximetry) 
to monitor adequacy of tissue perfusion and to detect 
developing ischemic changes. 

2.5. ECMO Heparin Protocol 

At our institution, regardless of whether a VA or a VV 
circuit was used, a bolus of 5000 - 7500 units of heparin 
was given just after placement of the arterial and/or ve- 
nous guide wires. Heparin was then held for 24 hours after 
ECMO was initiated unless clots were observed in the cir- 
cuit. After 24 hours, a heparin drip is started with a low 
goal therapeutic PTT range of 45 - 55. The PTT goal was 
lowered to a 40 - 45 range if there was a high risk of 
bleeding (i.e. due to an extensive surgical procedure or 
ongoing gastrointestinal/retroperitoneal bleed). The pre- 
sence of small thrombi or fibrin is common in the ECMO 
circuit and their presence in the circuitry and the oxy-  
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genators must be continuously monitored. As long as 
oxygenation and flow are adequate, exchange of the cir- 
cuitry is not necessary. Rapid formation of thrombus or a 
rapid decline in oxygenation should prompt a change of 
the circuit at the bedside. No additional heparin was used 
if a circuit change was necessary at out institution. If 
procedures were performed while patients were on ECMO, 
anticoagulation was held for 6 hours pre- and post ECMO 
for minor procedures. For major procedures, it was held 
for 6 hours pre-procedure and 24 hours post-procedure. 

2.6. End-Organ Data Analysis 

Data regarding hepatic, renal, metabolic and pulmonary 
function on patients included in this study were collected. 
Liver function was evaluated using serum aspartate 
transaminase (AST) and alanine transaminase (ALT), and 
bilirubin; renal function with serum creatinine; metabolic 
parameters with serum lactic acid; and pulmonary func- 
tion by PaO2/FiO2 ratios and imaging via serial chest 
X-rays. Pre-ECMO data was collected up to 12 hours 
prior to the initiation of ECMO. In cases where ECMO 
therapy was required emergently, data was collected im- 
mediately after ECMO initiation. Post-ECMO data was 
collected within 24 hours after the patient was weaned 
off ECMO. The pre-and post-ECMO data was compared. 
Patients were stratified in regards to presence of a par- 
ticular organ dysfunction and comparisons of organ func- 
tion indicators were made pre- and post-ECMO therapy.  

2.7. Definition of Survival and Complications 

Patients were recorded as either being successfully weaned 
off ECMO or died on ECMO. In the group that was suc- 
cessfully weaned, we further stratified them into patient 
who were weaned to a device (e.g. a ventricular assist 
device) or patients who were weaned to medical man- 
agement. As the ability to be weaned off ECMO did not 
automatically confer survival to hospital discharge, we 
also recorded survival-to-discharge data. Major surgical 
site bleeding was defined as bleeding that required sur- 
gical exploration for resolution. Neurologic injury was 
defined as the occurrence of a hemorrhagic or ischemic 
infarct, and/or diffuse anoxic brain injury that was con- 
firmed by neuroimaging such as MRI, CT scan, nuclear 
brain perfusion scan, or EEG), or by serial neurologic 
exams conducted by two independent neurologists 24 
hours apart. 

2.8. Statistical Analysis 

Demographic and clinical characteristics were demon- 
strated using medians, ranges for continuous variables, 
and percentages for categorical variables. Pre- and post- 
ECMO data were compared using paired Wilcoxon analy- 
ses. P value less than 0.05 was considered to be signifi-  

cant. 

3. Results 

3.1. Demographics 

From July 2010 to June 2011, a total of sixteen patients 
met the inclusion criteria. Their demographics are shown 
in Table 1. Twelve (75%) patients were supported with 
VA-ECMO and the remaining four (25%) with VV- 
ECMO. The median duration of ECMO therapy was 8 
days (range: 4 - 26 days). The indications for placement 
on ECMO are as follows; primary cardiogenic shock/ 
cardiac arrest (8 patients, 50%), primary respiratory fail- 
ure/ARDS (5 patients, 31%) and combined cardiac and 
respiratory failure (3 patients, 19%). One patient with 
ARDS was supported using VA- instead of VV-ECMO 
due to an inability to gain access to the necessary blood 
vessels and maintain good flow. 

3.2. Patient Survival and Outcomes 

Figures 1 and 2 describe patient survival and outcomes 
on VA- and VV-ECMO respectively. Twelve (75%) of the  
16 patients placed on ECMO were successfully weaned 
 

Table 1. Patient demographics. 

Total number of patient on ECMO 16 

Age, years, median (range) 46 (17 - 46) 

Race, n (%) 

Caucasian 

African American 

Asian 

 

10 (63) 

4 (25) 

2 (12) 

Smoking, n (%) 3 (19) 

Coronary artery disease, n (%) 6 (38) 

Diabetes, n (%) 5 (31) 

Duration of ECMO, median (range) 8 (4 - 26) 

Primary indications for ECMO, n (%) 

Cardiac failure 

Respiratory failure 

Combined cardiopulmonary failure 

 

8 (50) 

5 (31) 

3 (19) 

Primary diagnosis, n (%) 

Acute respiratory distress syndrome 

Myocardial infarction 

Post-cardiotomy cardiac failure 

Myocarditis 

Primary graft rejection 

Acute decompensation of chronic heart failure 

 

6 (38) 

5 (31) 

2 (13) 

1 (6) 

1 (6) 

1 (6) 
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Figure 1. Survival and outcomes of patients who were placed on veno-arterial ECMO (VA-ECMO). *MM: medical manage- 
ment; VAD: ventricular assist device. 
 

 

Figure 2. Survival and outcomes of patients who were placed 
on veno-venous ECMO (VV-ECMO). *MM: medical man- 
agement. 
 
off extracorporeal therapy. Of these 12, 10 were eventu- 
ally discharged from the hospital resulting in an overall 

discharge rate of 63%. When stratifying based on type of  
ECMO received, of the twelve patients that were placed 
on VA-ECMO support, nine (9/12, 75%) were success- 
fully weaned off ECMO; four (4/12, 33%) to a VAD and 
the remaining five (5/12, 42%) to recovery. Of the four 
patients that were placed on VV-ECMO, three (75%) 
were successfully weaned off extracorporeal therapy. 
There were a total of 6 in-hospital patient deaths; 3 of 
these occurred while patients were on ECMO. The causes 
of death were major stroke (2 patients), diffuse anoxic 
brain injury (2 patients), care withdrawal due to biopsy 
proven active end-stage leukemia (1 patient) and non-can- 
didacy to receive either a VAD or transplant (1 patient). 

3.3. End-Organ Recovery Data 

Five patients had an abnormal AST, ALT and bilirubin 
levels prior to initiation of ECMO. There was an im- 
provement in median AST for these patients (pre- vs. 
post-ECMO median AST: 449 IU/L vs. 63 IU/L, p < 0.05) 
(Figure 3(a)). Similarly, these five patients had elevated 
pre-ECMO ALT levels that improved from 273 IU/L to 
90 IU/L after therapy (Figure 3(b)), although this failed 
to achieve statistical significance (p = 0.07). There was a 
minor deterioration in pre- vs. post-ECMO bilirubin from 
1.6 to 1.7 (Figure 3(c)). However, this too failed to 
achieve statistical significance (p = 0.7). In the remaining 
11 patients without evidence of liver injury prior to 
ECMO, there was only one patient who had a deteriora- 
tion (AST: 58 IU/L to 92 IU/L, ALT: 44 IU/L to 162 
IU/L and bilirubin: 0.8 mg/dL to 1.1 mg/dL) while the 
rest maintained normal liver function. 

Ten patients (62%) had abnormal PaO2/FiO2 ratios that 
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were below 200. There was an improvement in pre- vs.  
post-ECMO PaO2/FiO2 ratios in all these patients from 
87 to 161 (p = 0.01) (Figure 3(d)). Eight patients (50%) 
had varying degrees of pulmonary edema as demon- 
strated by a pre-ECMO chest x-ray. In all these patients, 
there was a resolution of chest X-ray abnormalities upon 
discontinuation of ECMO. ARDS was also diagnosed in 
eight patients (50%), six (75%) showed a resolution of 
the bilateral infiltrates on chest x-ray after ECMO the- 
rapy (Figure 4). 

Metabolic derangement as reflected by abnormally 

elevated serum lactate levels were seen in 8 patients (50%).  
In these patients, the median pre-ECMO serum lactate 

was 9.1 mmol/L, which improved to 1.9 mmol/L post- 
ECMO (p < 0.05) (Figure 3(e)). The remaining eight 
patients (50%) maintained normal metabolic function and 
did not have an increase in lactate levels. 

Only one patient had a significantly elevated creatinine 
level at 3.6 mg/dL prior to the initiation of ECMO sup- 
port, this improved to 0.8 mg/dL post-ECMO. There was 
no kidney injury in the remaining fifteen patients prior to 
starting ECMO. 

 

 
(a)                                      (b)                                     (c) 

 
(d)                                    (e) 

Figure 3. Comparisons between pre- and post-ECMO values. Improvements in median AST (a) (p < 0.05) and ALT (b) (p = 
0.7). Mild elevation in serum bilirubin (c) (p = 0.7). Improvement in PaO2/FiO2 ratios (d) (p = 0.01). Improvement in serum 
lactate levels (e) (p < 0.05). 

 

 
(a)                              (b)                         (c)                            (d) 

Figure 4. Chest X-ray showing pulmonary edema (a) with resolution after ECMO (b) Similarly, pulmonary infiltrates (c) in 
the setting of ARDS also resolved (d) after ECMO. 
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3.4. Complications 

Complications occurred in nine patients (56%) while on 
ECMO. These complications are illustrated in Table 2. 
The most common complication observed was major sur- 
gical site bleeding (31%), bacteremia (19%) and ire- 
versible neurologic injury (13%). Of note, no patients de- 
veloped an ECMO-induced systemic coagulopathy (e.g. 
disseminated intravascular coagulation). Other complica- 
tions include sepsis, acute liver injury and clostridium 
difficile colitis. There were three instances on three dif- 
ferent patients (19%) that required circuitry change. None 
of these changes were due to circuitry malfunction or 
clinical evidence of hemolysis; instead these were all due 
to the formation of clots in the circuitry while off heparin. 

4. Discussion 

ECMO was first described being used in a patient with 
ARDS in 1971 [1]. Since then, its use is increasing in the 
adult population and the indications for initiation of 
ECMO therapy has grown to encompass cardiac failure 
as well [5,6]. Although this is true, much uncertainty still 
remains regarding ECMO technology. Different centers 
across the United States employ varying management 
strategies (i.e. anticoagulation protocols, monitoring sys- 
tems and weaning protocols) and often place patients on 
this form of support for a variety of indications where 
ECMO may not truly benefit the patient. 

The substantial complication risks that are reported in 
patients placed on ECMO also deter many from employ- 
ing ECMO therapy. Bleeding, irreversible neurologic in- 
jury, and infection are the most common complications 
observed in this critically ill population [4-6,13,14], all of 
which may result in death especially in such vulnerable 
patients. Despite all this, clinicians still press on in their 
research for better and more efficient ECMO circuit tech- 
nology, improved tissue perfusion monitoring, and a bet- 
ter understanding of the indications for and management 
of ECMO. 

A definitive advancement in extracorporeal technology 
that has occurred over the past decade is the development 
 

Table 2. Complications. 

Complication n (%) 

Surgical site bleeding 5 (31) 

Neurologic injury 2 (13) 

Bacteremia 3 (19) 

Sepsis 1 (6) 

Acute liver injury 1 (6) 

Clostridium difficile pseudomembranous colitis 1 (6) 

ECMO circuitry change 3 (19) 

of more efficient and less traumatic oxygenators and 
blood pumps. The centrifugal pumps, particularly the 
newer second generation pumps (Rotaflow, Cobe Revolu-
tion) were reported to result in reduced transfusion re- 
quirements, hemolysis and complications when com- 
pared to the roller pumps [11,12]. Benefits of the Qua- 
droxD PMP hollow fiber membrane oxygenator that have 
been reported are improved longevity, efficiency (gas ex- 
change), hemolysis and platelet consumption [7-10]. One 
of the first few reports in the literature regarding the use 
of a PMP hollow fiber membrane oxygenator was in 
2002 by Peek et al. They reported lower platelet transfu- 
sion rates and no oxygenator failure in six patients that 
were placed on ECMO for 151.7 ± 75.6 hours [8]. Too- 
masian et al. in an animal study in 2005 compared the 
PMP membrane oxygenator to its predecessor, the silicone 
membrane oxygenator and found that the PMP oxygena-
tors demonstrated better oxygen and carbon dioxide ex- 
change; lower pressure drops in across the PMP device 
and lower platelet consumption [9]. Lastly, Formica et al. 
in 2008 studied the use of the PMP membrane oxygena- 
tor with a centrifugal pump, in adults with cardiogenic 
shock. The authors reported a survival rate of 27.8%, a 
bleeding complication rate of 61.1% and noted that only 
one patient in his study required a circuit change. They 
further used serum lactate and cardiac enzymes as mar- 
kers of end-organ injury and saw improvements in these 
markers after the intiation of ECMO [10]. 

We found that patients who received the PMP hollow 
fiber membrane oxygenator (QuadroxD) and a centrifu- 
gal pump as part of the ECMO circuit had low complica- 
tion rates and acceptable overall outcomes. Prior to this 
change in circuitry at our institution, there was 100% 
mortality on ECMO couple with high incidences of neu- 
rologic and bleeding complications. 

Major surgical site bleeding occurred in 31% of pa- 
tients and was mainly attributed to the additional surgical 
procedures that were performed on patients while still on 
ECMO. The rates of surgical site bleeding is lower than 
that reported in the literature [4,10,14-16], however, it is 
difficult to compare them as there have been varying 
definitions of “a major bleeding complication” in regards 
to patients on ECMO. Sidebotham et al. in his review of 
ECMO reported a bleeding rate between 5.3% and 79% 
in existing literature [4]. This vast range illustrates that 
there is major variation between institutions when re- 
porting or defining complications. At our institution, we 
believe that our success in terms of low major surgical 
bleeding complications rates is attributed to our estab- 
lished heparin protocol coupled with the lower hemolytic 
properties of our ECMO circuit. 

Circuit complications necessitating an exchange of cir- 
cuitry occurred in only 3 patients (19%) and did not re- 
sult in any patient morbidity. These circuit changes were  
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necessary due to the formation of blood clots in the oxy- 
genator as a result of our holding anticoagulation pro- 
phylactically in anticipation of a surgical procedure being 
performed. In 2005, the Extracorporeal Life Support Or- 
ganization (ELSO) registry reported a 27% oxygenator 
failure and a 36% pump malfunction in patients above 
the age of 16 years [17]. This was in contrast to our ex- 
perience where there was no instance in all sixteen of out 
patients where either the pump and/or the oxygenator 
malfunctioned or failed. Formica et al. reported similar 
findings in their experience with the QuadroxD oxyge- 
nator and centrifugal pump where only one oxygenator 
change was required due to the presence of persistent 
sepsis [10]. 

We report a higher patient survival rate compared to 
existing literature [5,6,10,14,15], with an overall survival 
to discharge of 62%. We attributed these outcomes to 
advancements in ECMO circuitry, clinician experience 
and careful patient selection. More importantly, our data 
suggests that ECMO support does restore and objectively 
improve end-organ function in patients with end-organ 
injury. Patients that are placed on ECMO are often criti- 
cally ill and a large majority of them have some form of 
ischemic injury to their major organs. If the precipitating 
pathology is reversible, these patients are supported until 
their heart and lungs are able to resume perfusion and 
oxygenation of end-organ tissues, and thus weaned from 
ECMO therapy. In the event of irreversibility, patients 
are stabilized and supported to improve their overall 
clinical status to increase the likelihood of successful 
bridge-to-bridge (ECMO-VAD) or bridge-to-transplant 
(ECMO-Heart Transplant) therapy [18-20]. 

Our data showed that all patients with liver injury re- 
covered liver function, all patients with evidence of end- 
organ injury by metabolic parameters (metabolic injury) 
recovered metabolic injury, and all patients except for 
one patient who had acute renal failure prior to initiation 
of ECMO preserved renal function while being supported 
by ECMO. Additionally, all patients without end-organ 
injury pre-ECMO, with the exception of one patient that 
developed liver injury on ECMO, maintained normal end- 
organ function throughout their course on ECMO. 

There are several limitations to this study; firstly, our 
sample size consisted of 16 patients and is relatively 
small. There was a lack of a comparison group thus 
making it difficult to definitively attribute the improve- 
ment in clinical outcomes and reduced complications in 
patients placed on the QuadroxD oxygenator and cen- 
trifugal pump. Lastly, there is a lack of hard definitions 
of complications in patients placed on ECMO. 

Improvement of end-organ injury while on ECMO 
carries importance in two clinical scenarios. Firstly, pa- 
tients who were in multi-organ failure who were not can- 
didates for VAD implantation due to their poor clinical  

status stand to gain much by being supported on ECMO 
as outcomes for VAD implantation in patients with se- 
vere hemodynamic instability and multi-organ dysfunc- 
tion is poor [21]. Therefore an improvement in organ 
function and overall predicted mortality in these patients 
will result in better outcomes after VAD placement. 
Secondly, the overall improvement in organ function in 
patients places in extracorporeal support with the intent 
on weaning off ECMO will increase the survival rates 
after ECMO wean. It is noteworthy that in our experi- 
ence 100% of patients that were successfully weaned off 
ECMO survived to discharge. 

5. Conclusion 

In conclusion, ECMO is an important therapeutic meas- 
ure for patients in severe cardiopulmonary failure. New 
technology and an increased institutional experience has 
vastly improved outcomes and reduced complications in 
patients requiring such support. It is our opinion that a 
combination of the QuadroxD PMP membrane oxygena- 
tor and a centrifugal pump improved clinical outcomes 
and decreased complication rates. 
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