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a b s t r a c t 

Background: Extracorporeal membrane oxygenation is used as a life-sustaining measure in patients with 

acute or end-stage cardiac or respiratory failure. We analyzed national trends in extracorporeal membrane 

oxygenation use and outcomes and assessed the influence of hospital demographics. 

Methods: Adult extracorporeal membrane oxygenation patients in the 2008–2014 National Inpatient Sam- 

ple were evaluated. Patient and hospital characteristics, extracorporeal membrane oxygenation indication, 

mortality, and hospital costs were analyzed. 

Results: A total 17,020 adult extracorporeal membrane oxygenation patients were considered: 47.4% res- 

piratory failure, 38.6% postcardiotomy, 5.5% lung transplantation, 5.5% cardiogenic shock, and 3.2% heart 

transplantation. Admissions rose 361% from 1,026 in 2008 to 4,815 in 2014 ( P < .0 0 01), and the frac- 

tion of respiratory failure increased 40.5%–49.8% ( P < .001). Elixhauser scores rose from 3.1 to 4.1 ( P < 

.0 0 01). Mortality decreased among total admissions from 62.4% to 42.7% ( P < .0 0 01) associated with an 

observed decline in postcardiotomy mortality. Mean hospital costs and length of stay remained stable 

throughout the study period. Although extracorporeal membrane oxygenation occurred most frequently 

at large hospitals, small and medium-sized hospitals showed significant expansion ( P < .001). The North- 

east exhibited a sustained three-fold per capita increase in extracorporeal membrane oxygenation rate ( P 

< .0 0 01). 

Conclusion: The past decade has seen an exponential growth of ECMO extracorporeal membrane oxygena- 

tion in the United States, with the fraction for respiratory failure displaying considerable growth. Overall 

extracorporeal membrane oxygenation patients experienced substantially reduced mortality, driven by 

improved outcomes for postcardiotomy patients, along with a trend toward an increased risk profile. Dis- 

proportionate use of extracorporeal membrane oxygenation in the Northeast warrants investigation of 

access to this technology across the United States. 

© 2018 Elsevier Inc. All rights reserved. 
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Modern advances in technology, surgery, and critical care have

llowed extracorporeal membrane oxygenation (ECMO) to become

he standard of care for selected patients with refractory cardiac

nd respiratory failure. 1–4 ECMO utilization for all clinical indi-

ations has experienced a dramatic surge throughout the past

ecade, and this modality is now commonly applied as a bridge to

eart or lung transplant, organ recovery, or definitive surgery. 1 , 5–12 
✩ Presented at the 2018 Annual Academic Surgical Conference. 
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Increased application of ECMO undoubtedly affects patient care,

reatment algorithms, hospital resource allocation, and provider

ualification and training requirements. However, objective con-

ensus criteria for successful treatment with ECMO are lacking, and

he ultimate decision to implement ECMO remains at the discre-

ion of the care team. Although centers performing a high volume

f ECMO are establishing techniques for maintaining quality in the

ace of increasing demand, there is a paucity of data examining the

nfluence of smaller bed size and geographic location on outcomes

nd economic efficiency. 13 

The intent of the present study was to characterize current na-

ional trends in ECMO utilization and to systematically examine

he impact of hospital-specific characteristics on outcomes with

CMO. With increasing use of ECMO, effective and judicious re-

ource utilization is of paramount importance. Establishing cur-

ent trends is essential to appropriate future resource allocation,

https://doi.org/10.1016/j.surg.2018.08.012
http://www.ScienceDirect.com
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decision-making, and continued improvement of ECMO outcomes

in the United States. 

Methods 

Patient discharge information January 2008–December 2014

was obtained from the National Inpatient Sample (NIS) maintained

by the Healthcare Cost and Utilization Project, Agency for Health-

care Research and Quality. 14 The NIS is the largest collection of all-

payer hospital discharges in the United States and has been val-

idated extensively in the medical literature. Before 2012, the NIS

reported 100% of discharges from 20% of US hospitals. However,

beginning in 2012, the NIS was built on 20% of discharges from

100% of reporting hospitals using a self-weighting design that im-

proved the precision of national estimates by 42%–48%. 14,15 In the

present study, we used the method suggested by Khera et al 16 to

account for this change in sampling methodology. National esti-

mates were calculated across various institutional strata, including

small, medium, or large bed sizes and regions in the Northeast,

the Midwest, the South, or the western United States. Census Bu-

reau data were used to calculate the population density and ECMO

incidence for each year independently to obtain case volumes per

10 0,0 0 0 individuals. 

International Classification of Diseases, Ninth Edition, Clini-

cal Modification (ICD-9-CM) procedural codes were used to iden-

tify discharge records with extracorporeal membrane oxygenation

(39.65) and percutaneous extracorporeal membrane oxygenation

(39.66). All adult patients receiving ECMO were categorized by

ICD-9-CM diagnostic and procedure codes for the following five

clinical indications: (1) postcardiotomy, (2) cardiogenic shock, (3)

respiratory failure, (4) heart transplantation, and (5) lung trans-

plantation. Details of the categorization process to ensure mutu-

ally exclusive groups are described elsewhere. 17,18 Briefly, place-

ment into the cardiogenic shock group required the absence of car-

diac surgery, respiratory failure, and heart and lung transplanta-

tion codes. Heart and lung transplant patients were excluded from

the postcardiotomy group. The lung transplantation code was ex-

cluded from the heart transplant group, and, similarly, heart trans-

plant patients were excluded from the lung transplant group. Pa-

tients who received preoperative ECMO were identified by using

the PRx DAY variable provided by the NIS. Any patients who re-

ceived ECMO before PRx DAY for the operation of interest were ex-

cluded. The Elixhauser Comorbidity Index, measuring 30 categories

of comorbidity based on ICD-9-CM diagnosis codes, was used to

describe patients’ risk profile. 19 The primary outcomes of the study

were temporal trends in utilization of ECMO and discharge survival

with patients stratified by clinical indication. Secondary outcomes

included the impact of region and hospital bed size on gross do-

mestic product–adjusted hospital costs and length of stay (LOS).

Costs were calculated after correction of charges by cost-to-charge

ratio data provided by the NIS for individual hospitals. All mortal-

ity estimates were adjusted for changes in patient age throughout

the study period. 20 Furthermore, mortality rates by region were

adjusted by a factor of each region’s mean Elixhauser index com-

pared with the Northeast annual standard. 

Data extraction and calculation were performed with STATA

14.0 software (StataCorp, College Station, TX). Trend analyses were

conducted with a nonparametric test for continuous variables and

Royston Ptrend for categorical outcomes. 21 Pearson χ2 tests were

used to analyze categorical variables and t tests were used for con-

tinuous variables. One-way ANOVA was used to compare mean dif-

ferences among ECMO indications. Costs and LOS are reported as

mean ± standard deviation of US $ and days, respectively. Statis-

tical significance was defined as α less than 0.05. This study was

deemed exempt by our institutional review board. 
esults 

atient demographics and hospital characteristics 

During the period 2008–2014, ECMO was deployed in a total of

7,020 adult patients (age = 52.8 ± 16.9 years, female = 37.6%). Pa-

ient and hospital characteristics for the overall population and for

ach ECMO indication are presented in the Table 1 . Among those

laced on ECMO, 8,062 (47.4%) were for respiratory failure, 6,583

38.6%) were for postcardiotomy, 930 (5.5%) were for lung trans-

lant, 903 (5.3%) were for cardiogenic shock, and 542 (3.2%) were

or heart transplant. Compared with all indications, patients in the

ostcardiotomy group on average were older and had the highest

lixhauser Comorbidity Score. Among all patients receiving ECMO

herapy, the Elixhauser Comorbidity Score increased from 3.1 to 4.1

 P < .001) during the 7-year study period. As expected, the heart

nd lung transplant cohorts were treated predominantly at large

ed-size institutions. 

rends 

In the overall study, annual ECMO admissions increased 369%

rom 1,026 in 2008 to 4,825 in 2014 ( P < .001). The number of

ampled hospitals performing ECMO also significantly expanded

rom 206 for the 2008–2011 period to 660 institutions 2012–2014.

hen stratified by indication, there was a 477% increase from 415

o 2,400 cases in the respiratory failure group, a 349% increase

rom 420 to 1,885 procedures in postcardiotomy patients, a 402%

ncrease from 28 to 140 procedures in heart transplant patients, a

07% increase from 62 to 190 cases in the cardiogenic shock group,

nd a 100% increase from 100 to 200 cases in the lung transplant

roup ( Fig. 1 ). ECMO for respiratory failure significantly increased

rom 40.5% to 49.8% ( P < .001) of all admissions, and the fractions

or cardiogenic shock and lung transplant decreased from 6.0% to

.0% ( P < .001) and 9.8% to 4.2% ( P < .001), respectively. ECMO use

or the postcardiotomy and heart transplant cohorts as fractions of

otal admissions did not exhibit a significant change ( P = .43 and

 = 0.48, respectively). 

Geographically, the majority of ECMO patients (33.6%) were

reated at hospitals in the southern United States ( Fig. 2 ). In ad-

ition, ECMO use in the South and the Midwest as a fraction of to-

al admissions displayed the largest growth, increasing from 21.3%

o 36.8% ( P < 0.001) and 13.8% to 22.1% ( P < 0.001), respectively.

he proportion of overall ECMO use in the Northeast and Western

nited States decreased from 41.8% to 28.3% ( P < 0.001) and from

3.1% to 12.8% ( P < 0.001), respectively. However, when adjusted

or adult population density based on US census data for each

ear independently, the Northeast displayed the highest ECMO in-

idence and rose from 1.0 to 3.0 cases per 10 0,0 0 0 adults. In com-

arison, the incidence of ECMO per 10 0,0 0 0 adults increased from

.2 to 1.6 in the South and the Midwest, and 0.34 to 0.82 in the

estern United States (all P < 0.0 0 01; Fig. 3 ). 

Fluctuations in ECMO admissions in small, medium, and large

ed-size hospitals are presented in Fig. 4 , with medium-sized fa-

ilities displaying the greatest relative growth since 2008. ECMO

t medium bed-size hospitals as a fraction of all admissions in-

reased from 4.2% to 11.9% ( P < 0.0 0 01) and rose from 43 to 575

ases throughout the study period. In addition, the frequency of

CMO at small hospitals grew from 16 to 170 cases and the frac-

ion of all admissions increased from 1.6% to 3.5% ( P = 0.0 0 03). Al-

hough large bed-size hospitals had an increase from 967 to 4,070

ases, the fraction significantly decreased from 94.2% to 84.5%

 P < 0.0 0 01). 

Given the change in sampling strategy of the NIS database,

e compared the proportion of ECMO cases performed at small,

edium, and large bed-size facilities before and after 2012. Com-
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Table 1 

Patient demographics excluding preprocedure ECMO. 

Postcardiotomy 

(N = 6,583) 

Heart transplant 

(N = 542) 

Lung transplant 

(N = 930) 

Cardiogenic shock 

(N = 903) 

Respiratory failure 

(N = 8,062) 

Total 

(N = 17,020) 

Age (y) 60.94 51.05 53.78 52.88 46.24 52.8 

Female (%) 35.4 30.3 41.5 40.0 39.2 37.6 

Coronary artery disease (%) 19.4 19.1 1.1 13.0 5.9 11.6 

Heart failure (%) 53.8 93.7 11.3 51.9 36.9 44.6 

Hypertension (%) 28.4 13.4 11.5 30.2 13.9 20.2 

Diabetes (%) 16.5 8.0 9.4 19.8 11.2 13.5 

Peripheral vascular disease (%) 16.5 7.2 0.5 5.5 2.6 8.1 

Chronic pulmonary disease (%) 15.7 12.4 37.4 11.7 9.6 13.7 

Renal failure (%) 15.9 19.0 6.1 15.2 9.1 12.2 

Elixhauser score 4.3 4.0 3.6 4.0 3.6 3.9 

Hospital bed size 

Small (%) 4.1 0.0 0.0 2.4 1.9 2.6 

Medium (%) 11.9 2.8 2.7 10.2 10.5 10.4 

Large (%) 84.0 97.2 97.3 87.4 87.6 87.0 

Region 

Northeast (%) 25.5 30.7 42.4 37.1 30.2 29.5 

Midwest (%) 24.2 25.8 20.1 22.4 20.2 22.0 

South (%) 32.7 27.0 28.7 27.8 36.0 33.6 

West (%) 17.6 16.5 8.7 12.8 13.6 14.9 

Fig. 1. Temporal trends by indication for ECMO in the United States, 2008–2014. 
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aring both cohorts (2008-2011 versus 2012-2014), more than 80%

f all ECMO cases were performed at large bed-size institutions

86.9% versus 83.2%, P = 0.28) with only a slight increase in propor-

ion performed at small bed-size hospitals in the 2012–2014 group

2.1% versus 3.7%, P = 0.02). Additional comparisons across teach-

ng status demonstrated that a majority of ECMO is performed at

rban-teaching institutions, with a minor increase in the propor-

ion of urban-teaching institutions in the 2012-2014 era (88.8% ver-

us 94.2%, P = 0.007). 

linical outcomes 

The overall average mortality rate for the study population

as 53.5%, with cardiogenic shock patients incurring the high-

st mortality (65.3%) and lung transplant patients the lowest

36.3%). Despite the dramatic rise in annual ECMO admissions,

nhospital age-adjusted mortality decreased from 62.4% to 42.7%

 P < 0.0 0 01) throughout the study period ( Fig. 5 ). The observed

ecrease in mortality rates was predominantly attributable to sig-
ificant improvements in the postcardiotomy group (60.3%–31.2%,

 < 0.0 0 01). In contrast, mortality among lung transplant (35.7%–

2.4%, P < 0.001), cardiogenic shock (17.5%–45.9%, P < 0.0 0 01),

eart transplant (50.9%–75.3 %, P < 0.0 0 01), and respiratory fail-

re (36.4%–50.9%, P < 0.0 0 01) cohorts increased significantly. 

Given the discrepancies of ECMO utilization by hospital bed

ize and region, mortality analysis by hospital characteristics was

lso performed. Age-adjusted mortality revealed a significantly

igher mortality at large bed-size hospitals compared with small

ed-size institutions (54.6% versus 36.1%, P = 0.002). However,

he difference in mortality between small and medium bed-size

nstitutions was not statistically significant (48.4% versus 36.1%,

 = .05). Although in-hospital mortality was highest in the South,

his difference was not statistically significant across the nation

Northeast 52.8%, Midwest 52.8%, South 55.3%, and the US western

egion 51.6%, P = .75). Despite statistically similar overall mortality,

he Midwest (20.5%–44.8%, P = 0.04) was the only region with

ncreased mortality throughout the study period, and all other

egions exhibited decreased in-hospital ECMO mortality (Northeast
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Fig. 2. Regional variation of ECMO hospitalizations in the United States, 2008–2014. 

Fig. 3. Trend of ECMO incidence per 10 0,0 0 0, by US region. 
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areas. 
63.0%–41.3%, P < 0.0 0 01; South 80.4%–44.8%, P < 0.0 0 01; the US

western region 67.8%–47.8%, P < 0.0 0 01) after adjusting for age

and changes in the Elixhauser Comorbidity Index. 

Hospital costs and LOS per ECMO admission were stable

throughout the study period ( Fig. 6 ). Heart and lung transplant co-

horts incurred the highest index admission costs ($339,917.30 ±
$242,724.20 and $258,111 ± $170,424.40, respectively) and longest

LOS (49.5 days ± 55.6 days and 41 ± 40.0 days). Patients with car-

diogenic shock had the shortest LOS (11.3 days ± 16.4 days) and,

subsequently, the lowest hospital costs ($98,059 ± $101,646). 

Discussion 

With previous studies demonstrating a dramatic increase in

ECMO utilization and mixed outcome trends, the present study
as performed to provide a current perspective on the utiliza-

ion of ECMO. In this study of a nationally representative sample

rom 2008 to 2014, we make four important observations. First,

CMO utilization increased 369% among the entire study popu-

ation, with the fraction of ECMO for respiratory failure exhibit-

ng substantial growth. Second, overall ECMO in-hospital mortal-

ty significantly declined during the 7-year study period, driven by

ignificant decreases in postcardiotomy mortality. Patients receiv-

ng ECMO for all other indications demonstrated increased mor-

ality over time. Third, we describe an expansion in the fraction

f ECMO at small- and medium-size institutions, whereas LOS and

ospital costs remained steady among survivors. Fourth, the use

f ECMO per capita is not uniform across geographic regions and

ikely represents lack of access to suitable care in underserved
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Fig. 4. Growth of ECMO hospitalizations relative to 2008, by hospital bed size. 

Fig. 5. Annual ECMO hospitalizations and inhospital mortality rate. 
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Fig. 6. Total charges per admission and median length of stay for overall ECMO hospitalizations. Charges and length of stay are reported as median US $ and days, respec- 

tively. 
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Multiple explanations have been proposed for the overall in-

crease in ECMO utilization throughout the past decade, including

success of ECMO in management of the 2009 H1N1 respiratory

virus epidemic, recent publication of series in postcardiotomy and

cardiogenic shock circulatory support, and advances in technology

that have allowed increased portability of ECMO circuits. 1,13 , 17 , 22–24 

Although initially described in 1972, interest in use of extracor-

poreal support for respiratory failure waned after a subsequent

randomized controlled trial in 1979 failed to demonstrate survival

benefit. 25,26 Use of ECMO to treat acute respiratory distress syn-

drome (ARDS) has substantially increased in the past decade, pri-

marily supported by the randomized CESAR trial indicating a sur-

vival advantage for patients who were transferred to ECMO cen-

ters. 27 Specific explanations for the profound increase in ECMO uti-

lization for respiratory failure can be attributed to increasing en-

thusiasm for ECMO application in ARDS and technical advances in

cannula and circuit technology described elsewhere. 28 

The observed reduction in overall in-hospital mortality after ad-

ministration of ECMO for postcardiotomy syndrome likely reflects

the increased availability of competing interventional technologies

and improved perioperative care. Public reporting of hospital and

surgeon outcomes also have likely driven improved patient selec-

tion. Furthermore, these findings may simply be attributed to more

widespread adoption of ECMO in postcardiotomy failure. Increased

mortality for all other ECMO indications, including heart and lung

transplantation, cardiogenic shock, and respiratory failure are likely

related to increased availability of this technology. Because ECMO

is increasingly utilized across the nation at various community

hospitals, refinement of criteria for initiation is warranted to op-

timize patient outcomes and resource utilization. 

The significant increase in mortality in the lung transplant

group is in contrast to recent evidence for the success of ECMO

as a salvage therapy for end-stage lung disease and as a bridge

to lung transplantation. 5,29 , 30 Age-adjusted analyses of mortality

across cohorts receiving ECMO for respiratory failure, cardiogenic

shock, and postcardiotomy suggests that ECMO is utilized in in-

creasingly morbid clinical scenarios that cannot be accounted for

using administrative and nonphysiologic parameters. As ECMO re-
ains the standard in the management of primary graft dysfunc-

ion after heart and lung transplantation, improved selection crite-

ia to realize the maximal survival benefit is warranted. 2,3 

Of note, the present study highlights national disparities in

he utilization of ECMO. Throughout this study period, large

ed-size institutions appear to have paved the way for smaller

acilities to initiate ECMO, likely attributable to the intensity

f care and required resources. With the increasing volume of

iterature supporting successful, short-term use of ECMO in ARDS,

ung transplant, and, more recently, cardiogenic shock, more

eliable criteria for predicting response are emerging. 31,32 These

ublished successes may be leading more medium and small

ed-size centers to offer ECMO as a real option for selected

atients. Geographically, ECMO utilization continues to increase

verall but remains the highest per capita in the Northeast. These

ifferences in ECMO utilization are likely not solely related to

ational discrepancies of population age or morbidity. In contrast,

he geographic burden of congestive heart disease has been shown

o be particularly heavy in the South, and, in fact, has moved away

rom the Northeast. 33 A greater concentration of ECMO-capable

enters in metropolitan areas in the Northeast may be partially re-

ponsible for this finding. The mortality trend of ARDS also weighs

ore heavily on the South than all other regions of the United

tates. 34 The notable geographic differences in ECMO utilization,

hich do not parallel the disease patterns that most commonly

ead to need for ECMO, suggest significant disparities in access to

are outside the Northeast. The greatest discrepancy appeared to

e within the Midwest, which was the only region with increased

ortality after ECMO despite correction for population age and

omorbidity. With the promising mortality benefit of ECMO for

ultiple indications, additional provider training and initiation

f ECMO programs in all regions of the United States will be

mportant in the current era of mechanical circulatory support. 

Hospital costs per admission along with LOS among ECMO

urvivors remained steady throughout the study period. With

ncreased utilization of ECMO nationally, guidelines for imple-

entation and management require rigorous validation. Increasing

omplexity of cardiac surgery patients, not completely reflected by
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dministrative measures, significantly adds to the societal burden

or this technology. Contemporary literature quantifying the cost of

mplementation of ECMO in small and large populations notes dra-

atically increased charges. For example, median charges for pa-

ients undergoing lung transplantation with ECMO increased by up

o 50% as compared with charges for patients who did not require

CMO. 35 In patients placed on ECMO for cardiogenic shock, Chiu 

t al 36 reported an incremental increase of $10 0,0 0 0. The present

tudy was unable to delineate the hospitalization costs directly at-

ributed to ECMO, possibly explaining the stable trend of costs and

OS over time. With increasing societal demands for financially

ustainable ECMO, programs with more stringent outcome-based

mplementation and transfer criteria are increasingly crucial. 

The present study has several important limitations. The NIS

odified its methodology beginning in 2012 such that 20% of dis-

harges were sampled, and we used best practices for national

stimates to mitigate this factor. Trends weighting has been sub-

tantiated in earlier published works for patient-level analyses and

as used to evaluate national trends over throughout this 7-year

tudy period. 15,16 Our inclusion of all data spanning 2008–2014 al-

owed for a broader representation of patient outcomes among the

ontemporary ECMO scene. Of all ECMO cases, urban-teaching and

arge bed size were the most common institutional characteristics

or both the 2008–2011 and 2012–2014 data. Consistent with pre-

iously published guidelines for use of this database, we did not

erform hospital-level quality designations. Furthermore, we con-

rmed the ICD-9 coding for ECMO and the five clinical indications

emained consistent across the years. With regard to billing data,

he potential influence of inflation was minimized by adjustment

hrough the Bureau of Labor Statistics Consumer Price Index. In

ddition, given that ECMO is a relatively rare and new therapy, an

xclusion of an institution performing a large volume of ECMO in

he sample may overrepresent or underrepresent the real number

f ECMO patients. However, our data trends regarding utilization

gree with previous publications using this data set and the ELSO

atabase. 1,17 , 35,37 , 38 

Another limitation of the present study is that current admin-

strative ICD-9 coding does not specify the various ECMO cannu-

ation strategies, such as veno-venous and veno-arterial. Although

e cannot identify the mode of ECMO implemented, the use of the

IS procedure-day variable allowed us to exclude patients receiv-

ng preprocedural ECMO, increasing the homogeneity of our find-

ngs. Absence of physiologic data is another significant limitation

f this database. However, because the NIS is the largest nation-

lly representative database, we performed this analysis to assess

he global landscape of ECMO utilization. Finally, the NIS does not

ifferentiate between patients who may have had more than one

ndication for ECMO, such as patients with respiratory failure sec-

ndary to idiopathic pulmonary fibrosis with pulmonary hyperten-

ion and subsequent cardiogenic shock. These distinctions may sig-

ificantly affect the predicted mortality, and, in this relatively small

ample, a single indication for ECMO may not adequately capture

he true nature of the studied patient population. In light of these

onstraints, precedent for reliable use of the NIS has been widely

stablished 

16,33 , 35,36 and earlier works have supported its particu- 

ar use for the study of trends on the national level. 17,35 , 37–40 

In conclusion, our study of the NIS throughout a 7-year pe-

iod shows a growth in ECMO utilization across the United States,

ith improved postcardiotomy mortality. The reported observa-

ions are likely influenced by recent technologic advancements

nd a greater enthusiasm for ECMO implementation in selected

igh-risk patients with cardiac and respiratory failure. Nonethe-

ess, our mortality analysis is limited by a lack of granular data to

ppropriately risk-adjust the included study cohort. Prominent ge-

graphic disparities in access to ECMO outside of the Northeast

uggest the importance of broader initiation strategy for ECMO
rograms throughout the United States to maximize the full bene-

t of this technology. Initiation of ECMO and treatment of patients

upported by this complex modality require financial, personnel,

nd equipment resource exploitation and thus have a significant

conomic impact. To extract the greatest benefit with the least

arm, future effort s to develop clear, objective ECMO deployment

riteria based on indication and predicted success will be crucial. 

eferences 

1. Sauer CM , Yuh DD , Bonde P . Extracorporeal membrane oxygenation use has
increased by 433% in adults in the United States from 2006 to 2011. ASAIO J .

2015;61:31–36 . 
2. Takeda K , Li B , Garan AR , Topkara VK , Han J , Colombo PC , et al. Improved out-

comes from extracorporeal membrane oxygenation versus ventricular assist de-
vice temporary support of primary graft dysfunction in heart transplant. J Hear

Lung Transplant . 2017;36:650–656 . 

3. Bermudez CA , McMullan DM . Extracorporeal life support in preoperative and
postoperative heart transplant management. Ann Transl Med . 2017;5:398 . 

4. Bartlett RH , Gazzaniga AB , Fong SW , Jefferies MR , Roohk HV , Haiduc N . Extra-
corporeal membrane oxygenator support for cardiopulmonary failure. Experi-

ence in 28 cases. J Thorac Cardiovasc Surg . 1977;73:375–386 . 
5. Biscotti M , Sonett J , Bacchetta M . ECMO as bridge to lung transplant. Thorac

Surg Clin . 2015;25:17–25 . 

6. Biscotti M , Gannon WD , Agerstrand C , et al. Awake extracorporeal membrane
oxygenation as bridge to lung transplantation: A 9-year experience. Ann Thorac

Surg . 2017;104:412–419 . 
7. Todd EM , Biswas Roy S , Hashimi AS , Serrone R , Panchanathan R , Kang P ,

et al. Extracorporeal membrane oxygenation as a bridge to lung transplanta-
tion: A single-center experience in the present era. J Thorac Cardiovasc Surg .

2017;154:1798–1809 . 
8. Salam S , Kotloff R , Garcha P , Krishnan S , Joshi D , Grady P , et al. Lung transplan-

tation after 125 days on ECMO for severe refractory hypoxemia with no prior

lung disease. ASAIO J . 2017;63:e66–e68 . 
9. Loor G , Simpson L , Parulekar A . Bridging to lung transplantation with extracor-

poreal circulatory support: when or when not? J Thorac Dis . 2017;9:3352–3361 .
10. Dobrilovic N, Lateef O, Michalak L, Delibasic M, Raman J. Extracorporeal mem-

brane oxygenation bridges inoperable patients to definitive cardiac operation.
ASAIO J . 2017. doi: 10.1097/MAT.0 0 0 0 0 0 0 0 0 0 0 0 0741 . 

11. Yoshioka D , Li B , Takayama H , Garan RA , Topkara VK , Han J , et al. Out-

come of heart transplantation after bridge-to-transplant strategy using var-
ious mechanical circulatory support devices. Interact Cardiovasc Thorac Surg .

2017;25:918–924 . 
12. Tran BG , De La Cruz K , Grant S , Meltzer J , Benharash P , Dave R , et al. Tempo-

rary venoarterial extracorporeal membrane oxygenation: Ten-year experience at
a cardiac transplant center. J Intensive Care Med . 2018;33:288–295 . 

13. Salna M , Chicotka S , Biscotti M , Agerstrand C , Liou P , Ginsburg M , et al. Man-

agement of surge in extracorporeal membrane oxygenation transport. Ann Tho-
rac Surg . 2018;105:528–534 . 

14. HCUP Databases, 20 06–20 09. Healthcare Cost and Utilization Project (HCUP)
Web site. www.hcup-us.ahrq.gov/databases.jsp . Accessed August 01, 2017. 

15. Khera R , Krumholz HM . With great power comes great responsibility: Big data
research from the National Inpatient Sample. Circ Cardiovasc Qual Outcomes .

2017;10 . 

16. Khera R , Angraal S , Couch T , Welsh JW , Nallamothu BK , Girotra S , et al. Ad-
herence to methodological standards in research using the National Inpatient

Sample. JAMA . 2017;318:2011–2018 . 
17. McCarthy FH , McDermott KM , Kini V , Gutsche JT , Wald JW , Xie D . Trends in U.S.

extracorporeal membrane oxygenation use and outcomes: 2002–2012. Semin
Thorac Cardiovasc Surg . 2015;27:81–88 . 

18. Maxwell BG, Powers AJ, Sheikh AY, Lee PHU, Lobato RL, Wong JK. Resource

use trends in extracorporeal membrane oxygenation in adults: An analysis of
the Nationwide Inpatient Sample 1998–2009. J Thorac Cardiovasc Surg . 2014;148

416-21.e1. doi: 10.1016/j.jtcvs.2013.09.033 . 
19. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use

with administrative data : Medical Care Web site. http://journals.lww.com/
lww-medicalcare/Abstract/1998/010 0 0/Comorbidity _ Measures _ for _ Use _ with _ 

Administrative.4.aspx . Accessed December 21, 2017. 

0. Klein RJ, Schoenborn CA. Age adjustment using the 20 0 0 Projected U.S. Pop-
ulation. Centers for Disease Control Web site. https://www.cdc.gov/nchs/data/

statnt/statnt20.pdf . Accessed January 5, 2018. 
21. Royston P. PTREND: Stata module for trend analysis for proportions. Stat Softw

Components Web site 2014. https://ideas.repec.org/c/boc/bocode/s426101.html . 
Accessed January 15, 2018. 

2. Davies A , Jones D , Jones D , Bailey M , Beca J , Bellomo R , et al. Australia and
New Zealand Extracorporeal Membrane Oxygenation (ANZ ECMO) Influenza In-

vestigators, Extracorporeal membrane oxygenation for 2009 influenza A(H1N1)

acute respiratory distress syndrome. JAMA . 2009;302:1888–1895 . 
3. Gutsche JT , Miano TA , Vernick W , Raiten J , Bermudez C , Vallabjoysula P ,

et al. Does a mobile ECLS program reduce mortality for patients transported
for ECLS therapy for severe acute respiratory failure? J Cardiothorac Vasc Anesth .

2018;32:1137–1141 . 

http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0004
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0009
https://doi.org/10.1097/MAT.0000000000000741
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0013
http://www.hcup-us.ahrq.gov/databases.jsp
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0016
https://doi.org/10.1016/j.jtcvs.2013.09.033
http://journals.lww.com/lww-medicalcare/Abstract/1998/01000/Comorbidity_Measures_for_Use_with_Administrative.4.aspx
https://www.cdc.gov/nchs/data/statnt/statnt20.pdf
https://ideas.repec.org/c/boc/bocode/s426101.html
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0019


388 Y. Sanaiha et al. / Surgery 165 (2019) 381–388 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3  

 

 

 

 

 

3  

 

 

 

 

24. Biscotti M , Agerstrand C , Abrams D , Ginsburg M , Sonett J , Mongero L , et al. One
hundred transports on extracorporeal support to an extracorporeal membrane

oxygenation center. Ann Thorac Surg . 2015;100:34–39 discussion 39–40 . 
25. Hill JD , O’Brien TG , Murray JJ , Dontigny L , Bramson ML , Osborn JJ , et al. Pro-

longed extracorporeal oxygenation for acute post-traumatic respiratory failure
(shock-lung syndrome). N Engl J Med . 1972;286:629–634 . 

26. Zapol WM , Snider MT , Hill JD , Fallat RJ , Bartlett RH , Edmunds LH , et al. Extra-
corporeal membrane oxygenation in severe acute respiratory failure. A random-

ized prospective study. JAMA . 1979;242:2193–2196 . 

27. Peek G , Elbourne D , Mugford M , Tiruvoipati R , Wilson A , Allen E , et al. Ran-
domised controlled trial and parallel economic evaluation of conventional ven-

tilatory support versus extracorporeal membrane oxygenation for severe adult
respiratory failure (CESAR). Health Technol Assess . 2010;14:1–46 . 

28. Javidfar J , Brodie D , Wang D , Tiruvoipati R , Wilson A , Allen E , et al. Use of bi-
caval dual-lumen catheter for adult venovenous extracorporeal membrane oxy-

genation. Ann Thorac Surg . 2011;91:1763–1769 . 

29. Tsiouris A , Budev MM , Yun JJ . Extracorporeal membrane oxygenation as a bridge
to lung transplantation in the United States. ASAIO J . 2018;64:689–693 . 

30. Hoetzenecker K , Donahoe L , Yeung JC , Azad S , Fan E , Ferguson ND , et al. Ex-
tracorporeal life support as a bridge to lung transplantation–experience

of a high-volume transplant center. J Thorac Cardiovasc Surg . 2018;155 
1316–28.e1 . 

31. Ghodsizad A , Singbartl K , Loebe M , Zeriouh M , Ruhparwar A , Grant A , et al. Ex-

tracorporeal membrane oxygenation (ECMO): An option for cardiac reccovery
from advanced cardiogenic shock. Heart Surg Forum . 2017;20:E274–E277 . 

32. Dernberger D, Fiser R, Harvey C, Lunz D, Bacchetta M, Frenckner B, et al. Extra-
corporeal life support organization (ELSO) guidelines for ECMO transport.
http://www.elso.org/portals/0/files/elso guidelines for ecmo trans-
port_may2015.pdf. Accessed April 9, 2018. 

33. Chabre O . Syndromes de Cushing: Physiopathologie, étiologie et principes
thérapeutiques. Presse Med . 2014;43:376–392 . 

34. Cochi SE , Kempker JA , Annangi S , Kramer MR , Martin GS . Mortality trends of
acute respiratory distress syndrome in the United States from 1999 to 2013.

Ann Am Thorac Soc . 2016;13(10):1742–1751 . 
35. Hayanga JWA , Shigemura N , Aboagye JK , Ensor C , Dew MA , Hayanga HK ,

et al. ECMO support in lung transplantation: A contemporary analysis of hospi-

tal charges in the United States. Ann Thorac Surg . 2017;104:1033–1039 . 
6. Chiu R , Pillado E , Sareh S , De La Cruz K , Shemin RJ , Benharash P . Finan-

cial and clinical outcomes of extracorporeal mechanical support. J Card Surg .
2017;32:215–221 . 

37. Rush B , Wiskar K , Berger L , Griesdale D . Trends in extracorporeal membrane
oxygenation for the treatment of acute respiratory distress syndrome in the

United States. J Intensive Care Med . 2017;32:535–539 . 

38. McCarthy FH , McDermott KM , Spragan D , Hoedt A , Kini V , Atluri P , et al. Un-
conventional volume-outcome associations in adult extracorporeal membrane

oxygenation in the United States. Ann Thorac Surg . 2016;102:4 89–4 95 . 
9. Khera R , Cram P , Lu X , Vyas A , Gerke A , Rosenthal GE , et al. Trends in the use

of percutaneous ventricular assist devices: analysis of national inpatient sample
data, 2007 through 2012. JAMA Intern Med . 2015;175:941–950 . 

40. Baaj AA , Uribe JS , Nichols TA , Theodore N , Crawford NR , Sonntag VK ,

et al. Health care burden of cervical spine fractures in the United States:
Analysis of a nationwide database over a 10-year period. J Neurosurg Spine .

2010;13:61–66 . 

http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0027
http://www.elso.org/portals/0/files/elso
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0028
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0028
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0033
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0034
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0035
http://refhub.elsevier.com/S0039-6060(18)30522-1/sbref0035

	Trends in mortality and resource utilization for extracorporeal membrane oxygenation in the United States: 2008-2014
	 Introduction
	 Methods
	 Results
	 Patient demographics and hospital characteristics
	 Trends
	 Clinical outcomes

	 Discussion
	 References


