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a b s t r a c t
Introduction: Extracorporeal membrane oxygenation (ECMO) maintains end-organ perfusion in critically
ill patients with cardiac or respiratory failure; however, ECMO cannulation in the extremities has been
associated with signiﬁcant limb ischemia and risk of compartment syndrome. Current literature on ECMO
and fasciotomies is limited to small single-center retrospective studies. This study aimed to (1) compare
the incidence of postoperative outcomes and mortality in patients undergoing fasciotomy while on ECMO
to those of non-fasciotomy ECMO patients, and (2) assess the difference in adjusted mortality risk between
the two groups.
Hypothesis: We hypothesized that patients undergoing fasciotomy while on ECMO would have significantly higher odds of in-hospital mortality than non-fasciotomy ECMO patients after adjustment for
perioperative variables.
Methods: We conducted a retrospective review of NIS from January 1st, 2012-September 30, 2015 for
all hospitalizations involving ECMO and stratiﬁed them into two cohorts based on whether they underwent fasciotomy after ECMO. Patient baseline characteristics, in-hospital procedures, and postoperative
outcomes were compared between the two cohorts. Logistic regression was used to assess in-hospital
mortality risk between the two cohorts adjusting for age, sex, Elixhauser score, and perioperative procedures and non-fasciotomy perioperative morbidity.
Results: There were 7,085 estimated eligible discharges between 2012 and 2015 identiﬁed, 149 (2.1%)
of which underwent fasciotomy following ECMO. One hundred and thirteen of the 149 hospitalizations
(77%) in the fasciotomy cohort resulted in in-hospital mortality, compared to 3,805 of the 6,936 (55%) in
the non-fasciotomy cohort. There were no differences in rates of transfusion (p = 0.290), length of stay
(p = 0.282), or discharge disposition (p = 0.126) between the two cohorts. In the logistic regression model,
the fasciotomy cohort had a higher odds of in-hospital mortality than non-fasciotomy cohort (OR, 2.5;
95% CI, 1.1–5.6).
Discussion: Operative treatment of acute compartment syndrome for patients on ECMO therapy is associated with signiﬁcantly increased mortality and morbidity. Whether fasciotomy is a marker of sickness
or represents a cause-and-effect relationship is unknown and future should investigate the role of nonoperative treatment of compartment syndrome on mortality in this population.
Level of evidence: III; Prognostic.
© 2021 Published by Elsevier Masson SAS.

1. Introduction
Extracorporeal membrane oxygenation (ECMO) is a lifesaving
method of facilitating end-organ perfusion and oxygenation during
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reversible cardiopulmonary failure [1,2]. Despite its potential value,
there is considerable morbidity associated with ECMO reﬂecting
the inherent complexity of ECMO therapy and host compromise
[3]. Adult patients who are cannulated peripherally (as opposed to
centrally) on ECMO are generally cannulated in their lower extremities (femoral vein and/or artery) [4]. Whether venovenous (VV) or
venoarterial (VA), the use of peripheral ECMO often places patients
at considerable risk of limb ischemia and/or compartment syndrome which may require fasciotomy [5].
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Due to ﬂow diversion and subsequent limb ischemia (VA) or
elevated venous pressure leading to congestion (VV), compartment syndrome manifests in 7–14% of patients requiring peripheral
ECMO cannulation [6]. Fasciotomy for treatment is seen in 0–6%
of all ECMO patients [7–15]. Inherent host factors increasing the
incidence of compartment syndrome in ECMO patients include
a relatively high incidence of critical peripheral vessel stenosis
and concurrent vasopressor use [4]. Compartment syndrome in
patients receiving VA or VV ECMO therapy is a challenging diagnosis as concurrent intubation and sedation limits clinical exam
[16]. Thus, the recognition of compartment syndrome may come at
a late, and terminal, stage. In patients not on ECMO, fasciotomy performed 8 hours after the inciting insult is associated with increased
surgical site infection [17]. Additionally, surgical management of
compartment syndrome after 12 hours is associated with a signiﬁcant loss of limb function, about 8% of normal limb functionality
[18]. Given the frail status of patients on ECMO the infection
risk associated with fasciotomy may contribute to blood stream
infection and organ failure [19]. Further potentially complicating
fasciotomy in these patients is the risk of hemorrhage with extensive surgical incisions and continued systemic anticoagulation for
the ECMO patient [20,21]. In critically ill patients where surgery
poses a life-threatening situation, the management of acute systemic side effects (e.g. acute renal failure) and delayed limb salvage
or amputation is a viable solution. Given the risks of fasciotomy in
this population, understanding the overall impact of acute surgical treatment of extremity compartment syndrome in patients on
ECMO is imperative.
The goal of this study was to:

discharges involving patients under the age of 18 or those involving
cardiotomy to remove those patients likely to be on central ECMO.
2.2. Methods of Assessment
NIS was queried for patient demographics (age, sex, race,
payer status), comorbidity burden (summed Elixhauser index
consisting of 30 comorbidity indices previously validated for predictive use in adult inpatient and intensive care patients [22,23]),
and perioperative procedures and complications (cardiac, respiratory, or vascular procedures, dialysis, organ transplant, and
enteral/parenteral nutrition, transfusion requirement, acute kidney failure, and cardiac shock), length of stay, discharge disposition,
and in-hospital mortality. Elixhauser comorbidities were identiﬁed
using ICD-9-CM diagnosis codes and a summed Elixhauser comorbidity index score was calculated based on previously described
methodology [24]. The Elixhauser comorbidity index is a validated
scale that has demonstrated high accuracy in determining mortality
risk in NIS data [25].
2.3. Statistical Analysis
The two cohorts, fasciotomy and non-fasciotomy, were compared with regards to patient demographics, comorbidity burden,
and postoperative course. Descriptive statistics were reported as
unweighted counts and weighted percentages for categorical variables and weighted mean with standard deviation for continuous
variables. Differences between the two cohorts were assessed using
Chi2 for categorical variables and t-tests for continuous variables.
A logistic regression model controlling for age, sex, Elixhauser
comorbidity index, perioperative procedures and non-fasciotomy
peri-operative morbidity was used to compare adjusted mortality
risk between the two cohorts. Covariate inclusion was based on
clinical relevance. Results of the regression model were reported
as odds ratios (OR) with 95% conﬁdence intervals (CI). Statistical
signiﬁcance was accepted at p < 0.05. All statistical analyses were
conducted using STATA Version 15 (StataCorp, College Station, TX).

• compare the incidence of mortality in patients undergoing fasciotomy on ECMO to the general ECMO population;
• to assess the difference in adjusted mortality risk between these
two populations.
We hypothesize that performing a fasciotomy on a patient supported on ECMO is associated with increased inpatient mortality,
even after adjustment for perioperative variables.

3. Results
We identiﬁed 7,085 estimated discharges (95% conﬁdence interval, 6,239-7,931) between 2012 and 2015 that met our criteria, 149
(2.1%) of which underwent fasciotomy following ECMO. The mean
patient age of all included discharges was 49 ± 16 years, and 40%
of hospitalizations involved female patients (Table 1). The mean
Elixhauser index was 4.7 ± 2.1. The mean number of days between
ECMO and fasciotomy in the fasciotomy cohort was 3.3 ± 4.6 days.
Overall mortality rate was 55%.

2. Methods
This study was determined to be exempt from review by our
institutional review board.
2.1. Patients
The National Inpatient Sample (NIS) is a publicly available
database consisting of a stratiﬁed sample of all hospital admissions
in the United States. Diagnosis and procedure codes are coded
using the International Classiﬁcation of Diseases, Ninth Revision,
Clinical Modiﬁcation (ICD-9-CM) (Supplemental Table 1). A retrospective review of NIS between 2012 and 2015 was conducted
for discharges requiring the need for ECMO during hospitalization. Discharges were stratiﬁed into two cohorts, fasciotomy and
non-fasciotomy, based on whether patients underwent fasciotomy
while on ECMO (identiﬁed by ICD-9-CM procedure codes 83.14
or 83.44 that occurred on the same day or after ECMO). NIS data
encodes a maximum of 15 procedure codes per hospitalization.
Therefore, discharges with 15 or more procedures were excluded
from this study to eliminate potential bias from patients who
may have had fasciotomy procedure codes truncated from their
associated NIS discharge record. Discharges from the fourth
quarter of 2015 were excluded as this represented the transition
point from ICD-9-CM to ICD-10-CM coding. Finally, we excluded

3.1. Preoperative Characteristics
Regarding preoperative characteristics, the two cohorts were
similar in age (fasciotomy, 45 ± 15; no fasciotomy, 49 ± 16;
p = 0.125), sex (p = 0.715), race/ethnicity (p = 0.756), payer status
(p = 0.400), and summed Elixhauser index (fasciotomy, 4.7 ± 2.1;
non-fasciotomy 4.7 ± 2.1; p = 0.944). The non-fasciotomy group
underwent a higher proportion of respiratory procedures (fasciotomy, 27%; non-fasciotomy, 51%; p = 0.009), but there was no
signiﬁcant difference in rates of cardiac procedures (p = 0.440), vascular procedures (p = 0.256), dialysis (p = 0.741), or organ transplant
(p = 0.064).
3.2. Postoperative Outcomes
Regarding postoperative course, the fasciotomy group had a
signiﬁcantly higher rate of in-patient mortality (fasciotomy, 77%;
2
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Table 1
Patient demographics, comorbidity burden, and postoperative course by post-extracorporeal membrane oxygenation (ECMO) fasciotomy requirement in 7,085 hospitalizations requiring ECMO. National Inpatient Sample, 2012-2015q3.
n (%)a

Variables

All Discharges
(n = 7,085)
Patient Preoperative Characteristics
Age (years)b
49 ± 16
Sex: Female
2,848 (40)
Race/Ethnicity
White
4,223 (60)
1,105 (16)
Black
1,757 (25)
Other/Unknown
Payer Status
Medicare
1,899 (27)
1,247 (18)
Medicaid
3,394 (48)
Private
546 (7.7)
Other/Unknown
4.7 ± 2.1
Summed Elixhauser
Indexb
Perioperative Procedures and Clinical Course
2,820 (40)
Cardiac Procedures
3,543 (50)
Respiratory Procedures
Vascular Procedures
4,747 (67)
1,027 (15)
Dialysis
808 (11)
Organ Transplant
Enteral/Parenteral
758 (11)
Nutrition
2,026 (29)
Transfusion
4,648 (66)
Acute Kidney Failure
Cardiac Shock
298 (4.2)
21 ± 27
Length of Stay (days)b
Discharge Disposition
Home
1,360 (19)
1,793 (25)
Care Facility
Died
3,918 (55)
14 (0.2)
Other/Unknown
3,918 (55)
In-Hospital Mortality
a
b

p-value
Fasciotomy
(n = 149)

No Fasciotomy
(n = 6,936)

45 ± 15
64 (43)

49 ± 16
2,777 (40)

78 (53)
28 (17)
43 (30)

4,138 (60)
1,077 (16)
1,715 (25)

25 (17)
30 (20)
78 (52)
14 (10)
4.7 ± 2.1

1,878 (27)
1,212 (18)
3,316 (48)
531 (7.6)
4.7 ± 2.1

0.944

71 (47)
43 (27)
113 (77)
28 (17)
0 (0)
10 (6.7)

2,749 (40)
3,500 (51)
4,627 (67)
1,006 (15)
808 (12)
744 (11)

0.440
0.009
0.256
0.741
0.064
0.478

28 (20)
120 (80)
21 (13)
16 ± 25

1,998 (29)
4,527 (65)
276 (4.0)
21 ± 27

0.290
0.086
0.013
0.282
0.126

14 (10)
21 (13)
113 (77)
0 (0)
113 (77)

1,346 (19)
1,771 (26)
3,805 (55)
14 (0.2)
3,805 (55)

0.125
0.715
0.756

0.648

0.017

Percentages may not add up to total cell counts due to sampling weight application and rounding.
Reported as weighted mean ± standard deviation.

non-fasciotomy, 55%; p = 0.017) as well as cardiac shock (fasciotomy, 13%; non-fasciotomy, 4.0%; p = 0.013). There was no
difference in rates of transfusion (p = 0.290), acute kidney failure (p = 0.086), length of stay (p = 0.282), or discharge disposition
(p = 0.126).

Previous studies regarding ECMO associated fasciotomy have
been performed in small single center populations. In a study of 5
patients with thigh compartment syndrome, Kreibich et al. report a
20% inpatient mortality rate [26]. In a meta-analysis conducted by
Cheng et al., they report on the combined results of 335 patients in
studies evaluating fasciotomy or compartment. In this population
there was a 10% incidence (n = 33) of fasciotomy or compartment
syndrome [6]. The 2% incidence of fasciotomy in our study likely
reﬂects the difference in deﬁnition of our population (fasciotomy
only as opposed to a compartment syndrome diagnosis to assess
the effect of this procedure in a critically ill population) versus the
Cheng et al. meta-analysis (fasciotomy [procedure] and compartment syndrome [diagnosis]). Their study reported a heterogenous
population consisting of both diagnosis and procedure with differing morbidity and mortality proﬁles. Other studies report an
incidence of fasciotomy in the ECMO population of 0-6%. [7–15].
Conﬂicting evidence exists regarding limb ischemia and mortality in this population. Foley et al. did not ﬁnd that limb ischemia
was associated with mortality in their study of 43 patients with 4
patients experience limb ischemia requiring fasciotomy [27]. Lunz
et al. found a 10% inpatient mortality difference in ECMO patients
with ischemic complications compared to those without, however
this was nonsigniﬁcant [28]. This data is limited by lack of data
regarding treatment for limb ischemia. Tanaka et al. report the
results of 84 patients requiring VA ECMO with a 20% rate of vascular complications, 12% rate of fasciotomy (n = 10), and signiﬁcant
mortality hazard ratio of 3 in this population [29]. They also report
an 80% mortality rate in a population with vascular complications

3.3. Inpatient Mortality
After adjusting for age, sex, Elixhauser comorbidity index, inpatient procedures and complications during hospitalization, patients
undergoing fasciotomy after ECMO had a signiﬁcantly higher odds
of in-hospital mortality than ECMO patients not undergoing fasciotomy (OR, 2.5; 95% CI, 1.1-5.6).
4. Discussion
ECMO is a lifesaving machine used in the intensive care units as a
last resort to support critically ill patients suffering from cardiopulmonary failure [1]. One such morbidity in this population is lower
extremity acute compartment syndrome that needs fasciotomy
release [4]. In the setting of ECMO-associated compartment syndrome, limb preservation and function is one of many factors to
consider when deciding treatment options with systemic effects.
Our data demonstrate that when fasciotomy is performed in the
setting of ECMO, it is associated with an 80% inpatient mortality,
22% absolute difference compared to ECMO patients not receiving fasciotomy, and an adjusted 2.5-times greater risk of inpatient
mortality.

3

Downloaded for Anonymous User (n/a) at JOHNS HOPKINS UNIVERSITY from ClinicalKey.com by Elsevier on August
26, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.

R.M. Amin, Y.P. Chaudhry, S.S. Rao et al.

Orthopaedics & Traumatology: Surgery & Research 108 (2022) 103144

(ischemic and hemorrhagic complications requiring surgical treatment) and a median survival of 11 days in this population. Given
the multitude of procedures encompassed under Tanaka et al., deﬁnition of vascular complications, our data expands on their ﬁndings
with a larger, fasciotomy only, population. To our knowledge, the
only report of the outcomes of ECMO patients receiving fasciotomy
is in abstract form. Robins et. al. reported on 23 patients (4.5% of
total ECMO population) who received fasciotomy following ECMO
with a 70% inpatient mortality rate. Results of covariate-controlled
analysis and fasciotomy indication are not available [30].
While our data demonstrates an association between performance of fasciotomy and mortality after adjustment, there are
several potential confounding etiologies of this increase in mortality. The large incisions associated with fasciotomy have a signiﬁcant
infection and bleeding risk in this vulnerable and systemically anticoagulated population [19]. Both of these potential morbidities
may be iatrogenic contributions to mortality. Fasciotomy, however,
may not be the ultimate causative factor of mortality in this population. The development of compartment syndrome treated with
fasciotomy may be a clinical marker of severe critical illness which
drives the difference in mortality rather than the fasciotomy procedure itself. Nevertheless, regardless of potential etiology, this data
is critical to informing multi-disciplinary and family discussions
when deciding the management of acute compartment syndrome
in this population.
The strength of our data is that to our knowledge this the ﬁrst
study to describe an independent association between fasciotomy
and mortality in patients on ECMO, and the largest report of outcomes in this speciﬁc population. Still there are limitations to our
data. Our study is a large national database study and therefore
is reliant on coding accuracy. Additionally, the NIS codes for only
15 inpatient procedures. We excluded discharges involving 15 or
more procedures as these observations could have involved truncated data; therefore, a small number of patients who received an
extremity fasciotomy after their ﬁrst 15 procedures may have been
excluded. However, the ICD-9-CM administrative coding system
used by NIS has previously been used in ECMO patients [31,32].
Our data also lack some of the granular detail of the small, retrospective studies, precluding our analysis from including certain
variables such as VA versus VV ECMO treatment or time under
ECMO. It is possible that this data would have strengthened our
regression model and inﬂuenced the difference in odds of mortality between these two groups. Additionally, we cannot account for
recognized compartment syndrome treated non-operatively, and
duration of acute compartment syndrome prior to treatment. However, the intent of our study was to describe the systemic effect of
a surgical procedure on a population with signiﬁcant comorbidity
rather than to understand the etiology of compartment syndrome
in this population.
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Appendix A. Supplemental Table 1: Diagnosis and
procedure codes used in the current study. ECMO,
extracorporeal membrane oxygenation; ICD-9-CM,
International Classiﬁcation of Diseases, 9th Revision,
Clinical Modiﬁcation; PR-CCS, procedure clinical
classiﬁcation software; OR, operating room
Diagnosis/Procedure
Code

Description

ECMO

Extracorporeal membrane
oxygenation
Fasciotomy

Fasciotomy

Cardiotomy

Cardiac
Procedures

ICD-9-CM Procedure
Code 39.65
ICD-9-CM Procedure
Code 83.14
ICD-9-CM Procedure
Code 83.44
ICD-9-CM Procedure
Code 35.x
ICD-9-CM Procedure
Code 36.x
ICD-9-CM Procedure
Code 37.1
ICD-9-CM Procedure
Code 37.3x
ICD-9-CM Procedure
Code 441.x
PR-CCS 43
PR-CCS 44
PR-CCS 45
PR-CCS 46
PR-CCS 47

5. Conclusion

PR-CCS 48

Surgical treatment of acute compartment syndrome in patients
undergoing ECMO treatment is associated with signiﬁcantly elevated mortality and morbidity. On multivariate analysis our study
demonstrates a 2.5-fold increase in inpatient mortality when a fasciotomy is performed on patients undergoing ECMO treatment. Our
data may help guide multidisciplinary medical and surgical teams
regarding expected outcomes when deciding on compartment syndrome treatment method in this critically ill population. Further
study regarding the non-operative treatment of compartment syndrome in this population is warranted.

Respiratory
Procedures

PR-CCS 49
PR-CCS 225
PR-CCS 34
PR-CCS 37
PR-CCS 39
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Other fasciectomy
Operations on valves and septa of
heart
Operations on vessels of heart
Cardiotomy and pericardiotomy
Pericardiectomy and excision of
lesion of heart
Major aortic dissection or
aneurysm repair
Heart Valve Procedures
Coronary Artery Bypass Graft
Percutaneous Transluminal
Coronary Angioplasty
Coronary Thrombolysis
Diagnostic Cardiac Catheterization;
Coronary Arteriography
Insertion; Revision; Replacement;
Removal of Cardiac Pacemaker or
Cardioverter/Deﬁbrillator
Other OR Heart Procedures
Conversion of Cardiac Rhythm
Tracheostomy; Temporary and
Permanent
Diagnostic Bronchoscopy and
Biopsy of Bronchus
Incision of Pleura; Thoracentesis;
Chest Drainage

R.M. Amin, Y.P. Chaudhry, S.S. Rao et al.
PR-CCS 41

Other Vascular
Procedures
Dialysis

PR-CCS 58
PR-CCS 54
PR-CCS 56
PR-CCS 60
PR-CCS 61

Organ
Transplant
Enteral/
Parenteral
Nutrition
Transfusion
Acute Kidney
Failure
Cardiac Shock

PR-CCS 176
PR-CCS 223

PR-CCS 222
ICD-9-CM Diagnosis
Code 584.x
ICD-9-CM Diagnosis
Code 998.01
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Other Non-OR Therapeutic
Procedures on Respiratory System
Hemodialysis
Other Vascular Catheterization;
Not Heart
Other Vascular Bypass and Shunt;
Not Heart
Embolectomy and Endarterectomy
of Lower Limbs
Other OR Procedures on Vessels
Other Than Head and Neck
Organ Transplantation (other than
bone marrow, corneal, or kidney)
Enteral and Parenteral Nutrition

[12] Elmously A, Bobka T, Khin S, et al. Distal perfusion cannulation and limb complications in venoarterial extracorporeal membrane oxygenation. The journal
of extra-corporeal technology 2018;50:155–60.
[13] Kim DJ, Cho YJ, Park SH, et al. Near-infrared spectroscopy monitoring for early
detection of limb ischemia in patients on veno-arterial extracorporeal membrane oxygenation. Asaio J 2017;63:613–7.
[14] Gander JW, Fisher JC, Reichstein AR, et al. Limb ischemia after common femoral
artery cannulation for venoarterial extracorporeal membrane oxygenation: An
unresolved problem. Journal of Pediatric Surgery 2010;45:2136–40.
[15] Wilhelm MJ, Inderbitzin DT, Reser D, et al. Outcome of inter-hospital transfer
of patients on extracorporeal membrane oxygenation in switzerland. Swiss
Medical Weekly 2019.
[16] Langer T, Santini A, Bottino N, et al. “Awake” extracorporeal membrane
oxygenation (ecmo): Pathophysiology, technical considerations, and clinical
pioneering. Critical Care 2016:20.
[17] Velmahos GC, Theodorou D, Demetriades D, et al. Complications and nonclosure
rates of fasciotomy for trauma and related risk factors 1997;21:247–53.
[18] Glass GE, Staruch RM, Simmons J, et al. Managing missed lower extremity
compartment syndrome in the physiologically stable patient: A systematic
review and lessons from a level i trauma center. J Trauma Acute Care Surg
2016;81:380–7.
[19] Menaker J, Galvagno S, Rabinowitz R, et al. Epidemiology of blood stream infection in adult extracorporeal membrane oxygenation patients: A cohort study.
Heart & Lung 2019;48:236–9.
[20] Hoyler MM, Flynn B, Iannacone EM, et al. Clinical management of venoarterial
extracorporeal membrane oxygenation. Journal of Cardiothoracic and Vascular
Anesthesia 2020.
[21] Sy E, Sklar MC, Lequier L, et al. Anticoagulation practices and the prevalence of
major bleeding, thromboembolic events, and mortality in venoarterial extracorporeal membrane oxygenation: A systematic review and meta-analysis.
Journal of Critical Care 2017;39:87–96.
[22] Elixhauser A, Steiner C, Harris DR, et al. Comorbidity measures for use with
administrative data. Medical Care 1998;36:8–27.
[23] Hsu Y-T, He Y-T, Ting C-K, et al. Administrative and claims data help predict
patient mortality in intensive care units by logistic regression: A nationwide
database study. BioMed research international 2020;2020:9076739.
[24] Stagg V. Elixhauser: Stata module to calculate elixhauser index of comorbidity;
2015.
[25] Grendar J. Predicting in-hospital mortality in patients undergoing complex
gastrointestinal surgery 2012;147:126.
[26] Kreibich M, Czerny M, Benk C, et al. Thigh compartment syndrome during
extracorporeal life support. J Vasc Surg Venous Lymphat Disord 2017;5:859–63.
[27] Foley PJ, Morris RJ, Woo EY, et al. Limb ischemia during femoral cannulation
for cardiopulmonary support. Journal of Vascular Surgery 2010;52:850–3.
[28] Lunz D, Philipp A, Müller T, et al. Ischemia-related vascular complications of
percutaneously initiated venoarterial extracorporeal membrane oxygenation:
Indication setting, risk factors, manifestation and outcome. Journal of Critical
Care 2019;52:58–62.
[29] Tanaka D, Hirose H, Cavarocchi N, et al. The impact of vascular complications
on survival of patients on venoarterial extracorporeal membrane oxygenation.
The Annals of Thoracic Surgery 2016;101:1729–34.
[30] Robins JE, Zhao P, Balceniuk MD, et al. Ip153. Patients undergoing fasciotomy
in the setting of extracorporeal membrane oxygenation have a high rate of
amputation with poor overall survival and functional status. Journal of Vascular
Surgery 2019;69:e151.
[31] Vallabhajosyula S, Prasad A, Bell MR, et al. Extracorporeal membrane oxygenation use in acute myocardial infarction in the united states, 2000 to 2014.
Circulation: Heart Failure 2019:12.
[32] McCarthy FH, McDermott KM, Kini V, et al. Trends in U.S. Extracorporeal membrane oxygenation use and outcomes: 2002-2012 2015;27:81–8.

Blood Transfusion
Acute kidney failure
Postoperative cardiogenic shock
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