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a  b  s  t  r  a  c  t

Aim:  Extracorporeal  cardiopulmonary  resuscitation  (ECPR)  is  an emerging  therapy  for refractory  cardiac
arrest. The purpose  of  this  study  was  to analyze  and report  characteristics  and  outcomes  of  adult  patients
treated  with  ECPR  after  out-of-hospital  cardiac  arrest  (OHCA)  in a large  international  registry.
Methods:  The  Extracorporeal  Life  Support  Organization’s  Extracorporeal  Life  Support  Registry  was  queried
for adult  cardiac  arrests  with  arrest  location  of “EMT  Transport”  or “Outside  Hospital.”
Results: From  2010–2016,  217  cases  of  ECPR  following  OHCA  were  reported  in  Europe  (47%),  Asia-Pacific
(29%),  and  North  America  (24%).  The  median  age  was  52 years  (IQR 45–62,  range  18–87);  73%  were male.
The  median  duration  of  ECPR  was  47  h (IQR 17–94, range  0–711).  Reported  complications  included  hem-
orrhage  (31.3%),  limb  complications  (11.1%),  circuit  complications  (8.8%),  infection  (7.4%),  and  seizures
(5.5%).  The  rate  of percutaneous  coronary  intervention  (PCI)  was  higher  in Europe  (35.6%)  and  Asia-Pacific
(25.8%)  than  North  America  (9.4%;  p < 0.01).  Survival  to  hospital  discharge  was  27.6%  (95%  CI 22.1–34.0%),
and  male  gender  was  independently  associated  with  mortality  (adjusted  odds  ratio  2.1  [95%  CI  1.1–4.2],
p  <  0.05).  Survival  did  not  differ  by region,  race,  age,  or  year.  Brain  death  was  reported  in 16.6%  [95%  CI

12.2–22.1%];  organ  donation  rate  was  not  reported.
Conclusion: This  international  analysis  of ECPR  for refractory  OHCA  reveals  a  survival  rate of  27.6%,  demon-
strates  association  of  male gender  with  mortality,  and  highlights  regional  differences  in PCI  utilization.
These  results  will help  inform  implementation  and  research  of this  potentially  life-saving  strategy  for
refractory  OHCA.

© 2017  Elsevier  B.V.  All  rights  reserved.
ntroduction

Extracorporeal cardiopulmonary resuscitation (ECPR) for refrac-
ory cardiac arrest involves the addition of percutaneous

eno-arterial extracorporeal membrane oxygenation (ECMO) to
tandard resuscitative efforts. This technique provides temporary
irculatory support and maintains vital organ perfusion while

� A Spanish translated version of the abstract of this article appears as Appendix
n  the final online version at http://dx.doi.org/10.1016/j.resuscitation.2017.08.003.
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clinicians identify and reverse the underlying cause of arrest. ECPR
is emerging as a feasible and effective resuscitation strategy for
patients who  fail standard resuscitative efforts. The overall survival
to hospital discharge rate for EMS  treated out-of-hospital cardiac
arrest (OHCA) in the United States is 11.4% [1], while utilization
of ECPR for OHCA refractory to standard therapy has reported sur-
vival rates ranging from 4 to 55% in select populations from single
institutions, local regions, or single countries [2–15].

The utilization of ECPR for refractory OHCA has increased in

recent years [16]. As more centers begin to perform ECPR follow-
ing OHCA, accurate reporting of techniques, equipment, process
variables, outcomes, and complications is essential in guiding clin-
ical implementation and future research. However, the majority
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f published ECPR data involves in-hospital cardiac arrest (IHCA),
hich is a different patient population than those with refrac-

ory OHCA. Therefore, reporting ECPR data specific to OHCA is
ssential, as patient demographics, pathology, arrest etiology, and
utcomes differ significantly from IHCA. Furthermore, generaliza-
ion of results from single centers or regions can be limited, as
atient demographics and process variables may  vary based on
ountry or region.

The Extracorporeal Life Support Organization (ELSO) is an inter-
ational consortium of health care institutions dedicated to the
evelopment and evaluation of novel therapies for support of fail-

ng organ systems, and maintains the largest international registry
f patients receiving ECMO, including ECPR. By collecting data
rom self-reporting centers in six continents and over 50 countries,
egional commonalities and differences can be identified. Our aim
as to perform a descriptive analysis of patient demographics, pro-

ess variables, outcomes, and complications of ECPR for refractory
HCA from the ELSO database. We  hypothesized that survival to
ospital discharge, complications, and process variables related to
CPR for OHCA differed across geographic regions.

ethods

tudy design

This was a retrospective review of data from the ELSO Registry
hat was approved by ELSO and the Institutional Review Board at
he University of Michigan.

tudy population and inclusion criteria

The ELSO registry contains data on patients from self-reporting
enters in six continents and over 50 countries. We  queried the
LSO Extracorporeal Life Support Registry for all adult (≥18 years
f age) OHCA cases defined as a documented arrest location of
EMT Transport” or “Outside Hospital.” Patient demographics (age,
ender, weight, race, geographic region, year), process variables
duration of ECPR, diameter and location of cannulas, pump used,

embrane lung used, heat exchanger used), and patient outcome
ata (survival to hospital discharge, complications) were extracted
nd analyzed.

tatistical analysis

We  performed bivariate comparisons between survivors and
on-survivors. The 95% confidence intervals for survival rates
cross levels of different variables were estimated [17]. Indepen-
ent samples t-tests were used to analyze continuous variables, and
hi-squared and z-tests for comparison of independent proportions
ere used to analyze categorical variables. Multiple logistic regres-

ion analysis was used to test for associations between predictor
ariables (i.e., gender and ECPR duration) and the odds of mortality
18]. A relatively large subsample of patients (n = 19) had missing
ata on the weight variable, and this subsample consisted of mostly
ale non-survivors with lower than average duration of ECPR. We

herefore excluded the weight variable from the multiple logistic
egression analysis. All analyses were conducted with SAS software
ersion 9.4 (SAS Institute, 2013).

esults
atient demographics

From 2010–2016, 217 cases of adult ECPR following OHCA were
eported in Europe (47%), Asia-Pacific (29%), and North America
on 119 (2017) 56–62 57

(24%) (Table 1). The location of one case was  unknown. The median
age was 52 years (IQR 45–62, range 18–87). Seventy-three per-
cent of patients were male, 25% were female, and the gender of
five patients (2%) was unknown. The majority of patients were
White (69%), followed by Asian (19%), Black (5%), Hispanic (1%),
and the race of 13 patients (6%) was listed as other or unknown. The
median weight was 80 kg (IQR 70–90, range 50–182); the weight
of 19 patients (8.8%) was  unknown. Of the patients with unknown
weight (n = 19), 84% were male, compared to 74% of those with
complete data on weight (n = 198) (p > 0.05). The median weight
of males was significantly greater than that of females (80.5 kg vs
70 g, p < 0.01). Survival for those with unknown weight (n = 19) was
11%, as compared to 29% for those with complete data on weight
(n = 198, p > 0.05).

Temporal trends

The reported number of cases of ECPR for OHCA increased each
year from 2010 (2) to 2015 (83), while data is not yet available
for the entirety of 2016. No significant difference was observed in
survival between years, with minimum of 0% [95% CI 0–63.1%] in
2010 and maximum of 40.0% [95% CI 24.6–57.7%] in 2013 (Table 1).

Process variables

Most patients (88.9%) had two cannulas placed, while 10.1% of
patients had three cannulas placed (Table 1). Most were placed
percutaneously (71.0%), and the most common locations were the
femoral artery (98.6%) and femoral vein (95.7%). Additional can-
nula locations reported included the aorta, common carotid artery,
right atrium, and internal jugular vein. The most common arterial
cannula diameters were 17 Fr (22.3%) and 19 Fr (14.9%), and the
most common venous cannula diameters were 21 Fr (21.7%) and 25
Fr (14.0%) (Supplemental Table 1). The most commonly used can-
nula diameters (17 Fr arterial and 21 Fr venous) did not differ by
gender. The most commonly used pumps were the Jostra Rotaflow
(35.0%) and Cardiohelp (29.0%) (Supplemental Table 2). The Jostra
Quadrox (47.0%) and Cardiohelp (25.8%) were the most commonly
used membrane lungs. The most commonly used heat exchangers
were the Quadrox Integrated (34.1%) and Jostra (10.1%).

ECPR duration

The overall median duration of ECPR was 47 h (IQR 17–94, range
0–711) (Table 2). The duration of ECPR for survivors was signif-
icantly longer than that of non-survivors (78 vs 37 h, p < 0.05).
ECPR was  discontinued due to patient recovery (34.6%), organ fail-
ure (35.5%), diagnoses incompatible with life (24%), family request
(2.3%), hemorrhage (1.4%), and unknown reason (2.3%). All cases
of hemorrhage requiring discontinuation of ECPR occurred within
72 h of initiation. Among non-survivors, ECPR was  discontinued
within 24 h of initiation in greater than one third of patients. ECPR
was discontinued due to family request less frequently in Europe
(0%) than Asia-Pacific (3.2%) or North America (5.8%; p < 0.05),
although the sample sizes were small (Table 3). ECPR was dis-
continued due to diagnoses incompatible with life less frequently
in Europe (13.9%) than in Asia-Pacific (33.9%) or North America
(32.7%, p < 0.05). ECPR was  discontinued due to organ failure more
frequently in Europe (47.5%) than Asia-Pacific (24.2%) or North
America (26.9%, p < 0.05).

Survival
Overall survival to hospital discharge was  27.6% [95% CI
22.1–34.0%] (Table 4). Brain death was reported in 16.6% [95%
CI 12.2–22.1%] of cases; organ donation rate was  not available.
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Table  1
Patient demographics, temporal trends, and process variables.

Overall n = 217 Survivors n = 60 Non-survivors n = 157 Survival Rate, % (95% CI) p

Gender, n <0.05
Male  158 38 120 24.1 (18.0–31.3)
Female  54 21 33 38.9 (27.0–52.2)
Unknown 5 1 4 20.0 (2.0–64.0)

Median age, years (IQR) 52 (45–62) 51 (45–60) 53 (45–62)
Median weight, kg (IQR) 80 (70–90) 75 (67–90) 80 (70–91)

Unknown weight, n (%) 19 (8.8) 2 (3.3) 17 (10.8)
Race, n >0.05

White 150 44 106 29.3 (22.6–37.1)
Asian  42 12 30 28.6 (17.1–43.7)
Black  10 3 7 30.0 (10.3–60.8)
Unknown 8 0 8 0.0 (0.0–29.3)
Other  5 1 4 20.0 (2.0–64.0)
Hispanic 2 0 2 0.0 (0.0–63.1)

Region, n >0.05
Europe 101 31 70 30.7 (22.5–40.3)
Asia-Pacific 62 16 46 25.8 (16.5–38.0)
North  America 53 13 40 24.5 (14.8–37.7)
Unknown 1 0 1 0.0 (0.0–77.7)

Year,  n >0.05
2010  2 0 2 0.0 (0.0–63.1)
2011  11 2 9 18.2 (4.0–48.9)
2012  23 7 16 30.4 (15.4–51.1)
2013  30 12 18 40.0 (24.6–57.7)
2014  43 14 29 32.6 (20.4–47.6)
2015  83 17 66 20.5 (13.1–30.5)
2016  (Jan–July) 25 8 17 32.0 (17.1–51.7)

Total  number of cannulas placed, n (%) 428 118 310 >0.05
Patients with 2 cannulas placed 193 (88.9) 54 (90) 139 (88.5) 28.0 (22.1–34.7)
Patients with 3 cannulas placed 22 (10.1) 6 (10) 16 (10.2) 27.3 (12.9–48.4)
Other  2 (0.9) 0 2 (1.3)

Cannulation Technique, n (%) <0.05
Percutaneous 304 (71.0) 74 (62.7) 230 (74.2) 24.3 (19.8–29.5)
Other/Unknown 124 (29.0) 44 (37.3) 80 (25.8) 35.5 (27.6–44.2)

Arterial  Cannula Location, n (%) 215 60 155 >0.05
Femoral Artery 212 (98.6) 59 (98.3) 153 (98.7)

Right  124 (57.7) 36 (60) 88 (56.8) 29.0 (21.7–37.6)
Left  88 (40.9) 23 (38.3) 65 (41.9) 26.1 (18.0–36.2)

Aorta  2 (0.9) 1 (1.7) 1 (0.6) 50.0 (9.4–90.6)
Common Carotid Artery 1 (0.5) 0 1 (0.6) 0.0 (0.0–83.2)

Venous Cannula Location, n (%) 207 56 151 >0.05
Femoral Vein 198 (95.7) 52 (92.9) 146 (96.7)

Right  136 (65.7) 32 (57.1) 104 (68.9) 23.5 (17.1–31.4)
Left  62 (30) 20 (35.7) 42 (27.8) 32.3 (21.9–44.7)

Right  Atrium 3 (1.4) 2 (3.6) 1 (0.7) 66.7 (20.2–94.4)
Internal Jugular Vein 6 (2.9) 2 (3.6) 4 (2.6) 33.3 (9.2–70.4)

Cannula Site Listed as “Other,n̈ 6 2 4

CI = confidence interval, IQR = interquartile range, kg = kilograms.

Table 2
ECPR duration and discontinuation.

Overall n = 217 Survivors n = 60 Non-survivors n = 157 p

Duration of ECPR
Median duration of ECPR, hours (IQR) 47 (17–94) 78 (45–122) 37 (11–78) <0.05
Duration of ECPR, n (%) <0.01

<12 h 43 (19.8) 3 (5) 40 (25.5)
12–24  h 20 (9.2) 3 (5) 17 (10.8)
25–72  h 77 (35.5) 21 (35) 56 (35.7)
3–7  days 51 (23.5) 23 (38.3) 28 (17.8)
>7  days 20 (9.2) 7 (11.7) 13 (8.3)
Unknown 6 (2.8) 3 (5) 3 (1.9)

Reason for discontinuation of ECPR, n (%) <0.001
Recovery 75 (34.6) 58 (96.7) 17 (10.8)
Family Request 5 (2.3) 0 5 (3.2)
Hemorrhage 3 (1.4) 0 3 (1.9)
Diagnoses incompatible with life 52 (24) 0 52 (33.1)
Organ  failure 77 (35.5) 0 77 (49)
Other/unknown 5 (2.3) 2 (3.3) 3 (1.9)

ECPR = extracorporeal cardiopulmonary resuscitation, IQR = interquartile range.
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Table  3
Regional trends.

Asia-Pacific (n = 62) Europe (n = 101) North America (n = 53) p

Reason for discontinuation of ECPR, n (%) <0.05
Recovery 22 (35.5) 37 (36.6) 16 (30.8)
Family Request 2 (3.2) 0 3 (5.8)
Hemorrhage 1 (1.6) 1 (1.0) 1 (1.9)
Diagnoses incompatible with life 21 (33.9) 14 (13.9) 17 (32.7)
Organ failure 15 (24.2) 48 (47.5) 14 (26.9)
Other/unknown 1 (1.6) 1 (1.0) 1 (1.9)

Survival to hospital discharge, % (95% CI) 25.8 (16.5–38.0) 30.7 (22.5–40.3) 24.5 (14.8–37.7) >0.05
Rate  of percutaneous coronary intervention, % (95% CI) 25.8 (16.5–38.0) 35.6 (27.0–45.4) 9.4 (3.7–20.7) <0.01

ECPR = extracorporeal cardiopulmonary resuscitation, CI = confidence interval.

Table 4
Survival and ancillary interventions.

Overall n = 217 Survivors n = 60 Non-survivors n = 157 Survival Rate, % (95% CI) p

Survival to hospital discharge, n 217 60 157 27.6 (22.1–34.0)
Discharge location, n (%)

Home 14 (23.3)
Referring hospital 20 (33.3)
Other service/other facility 24 (40)
Unknown 2 (3.3)

Survival to hospital discharge by age (years), n >0.05
18–29  25 6 19 24.0 (11.2–43.8)
30–39  15 5 10 33.3 (15.0–58.5)
40–49 45 13 32 28.9 (17.6–43.5)
50–59 65 21 44 32.3 (22.2–44.4)
60–69 49 10 39 20.4 (11.3–33.8)
≥70  18 5 13 27.8 (12.2–51.2)

Survival to hospital discharge by weight (kg), n >0.05
≤60  12 4 8 33.3 (13.6–61.2)
61–70 53 21 32 39.6 (27.6–53.1)
71–80 47 14 33 29.8 (18.6–44.1)
81–90 37 5 32 13.5 (5.4–28.5)
91–100 24 10 14 41.7 (24.4–61.2)
101–110 13 2 11 15.4 (3.1–43.5)
>110 12 2 10 16.7 (3.5–46.0)
Unknown 19 2 17 10.5 (1.7–32.6)

Ancillary interventions performed, n (%) >0.05
Percutaneous coronary intervention 57 (26.3) 16 (26.7) 41 (26.1) 28.1 (18.0–40.9)
Coronary artery bypass graft 5 (2.3) 3 (5) 2 (1.3) 60.0 (22.8–88.4)
Intra-aortic balloon pump 16 (7.4) 6 (10) 10 (6.4) 37.5 (18.4–61.5)
Aortic valvuloplasty or replacement 3 (1.4) 1 (1.7) 2 (1.3) 33.3 (5.6–79.8)
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Ventricular assist device 1 (0.5) 1 (1

I = confidence interval, kg = kilograms.

urvival was significantly greater for females compared to males
38.9% [95% CI 27.0–52.2%] vs 24.1% [95% CI 18.0–31.3%], p < 0.05).
esults from bivariate and multiple logistic regression analyses
Table 5) demonstrated that male gender was individually pre-
ictive of mortality (odds ratio [OR] 2.0 [95%CI 1.0-3.9], p < 0.05;
djusted odds ratio [AOR] 2.1 [95% CI 1.1–4.2], p < 0.05). Longer
uration of ECPR was statistically significantly associated with

ower odds of mortality (OR 0.95 [95%CI 0.91-0.99], p < 0.05; AOR

.95 [95% CI 0.91–0.99], p < 0.05). The weight of survivors was  sig-
ificantly less than that of non-survivors (median 75 kg vs 80 kg,

 < 0.05), although the weight of 17 (10.8%) non-survivors was

able 5
ivariate and Multiple Logistic Regression Analysis of Predictors of Mortality.

Odds Ratio (95% CI) Adjusted Odds Ratio (95% CI)

Gender
Male 2.0* (1.0–3.9) 2.1* (1.1–4.2)
Female – –

Weight 1.02* (1.01–1.04) NA

Duration of ECPR 0.95* (0.91–0.99) 0.95* (0.91–0.99)

I = confidence interval, ECPR = extracorporeal cardiopulmonary resuscitation
* p < 0.05.
0 100.0 (16.8–100.0)

unknown. Bivariate logistic regression demonstrated that weight
was significantly associated with higher odds of mortality (OR
1.02 [95% CI 1.01–1.04], p < 0.05). No regional difference in survival
existed between Europe, Asia-Pacific, or North America (p > 0.05,
Table 1), and survival did not differ by race (p > 0.05, Table 1). Sur-
vival did not significantly differ by year (p > 0.05, Table 1) or age
(p > 0.05, Table 4). The age of the oldest survivor was 87 years, for
whom duration of ECPR was 16 h.

Ancillary interventions

Additional interventions (Table 4) included percutaneous coro-
nary intervention (PCI) (26.3%), intra-aortic balloon pump (7.4%),
and coronary artery bypass graft (2.3%). Rates of ancillary proce-
dures performed did not differ significantly between survivors and
non-survivors. The rate of PCI was  lower in North America (9.4%)
than Asia-Pacific (25.8%) and Europe (35.6%, p < 0.01) (Table 3).

Complications
Cardiovascular complications were the most frequent com-
plications, occurring in 53% of patients (Table 6). The most
common cardiovascular complications were inotrope use (48.8%),
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Table  6
Complications: number of patients with ≥1 (%).

Overall n = 217 Survivors n = 60 Non-survivors n = 157 p

Cardiovascular complications 115 (53.0) 35 (58.3) 80 (51) >0.05
Inotropes required 106 (48.8) 33 (55) 73 (46.5)
Myocardial stunning 22 (10.1) 7 (11.7) 15 (9.6)
Arrhythmia 20 (9.2) 4 (6.7) 16 (10.2)
CPR  required 11 (5.1) 2 (3.3) 9 (5.7)
Hypertension requiring vasodilators 2 (0.9) 2 (3.3) 0
Tamponade 2 (0.9) 1 (1.7) 1 (0.6)

Renal  complications 60 (27.7) 16 (26.7) 57 (36.3) >0.05
Hemofiltration required 34 (15.7) 6 (10) 28 (17.8)
CAVHD required 15 (6.9) 6 (10) 9 (5.7)
Dialysis required 11 (5.1) 4 (6.7) 7 (4.5)

Neurologic complications 52 (24.0) 6 (10) 46 (29.3) <0.01
Brain  death 36 (16.6) 0 36 (22.9)
Seizures 12 (5.5) 5 (8.3) 7 (4.5)
Central nervous system infarction 6 (2.8) 1 (1.7) 5 (3.2)

Hemorrhagic complications 68 (31.3) 21 (35) 47 (29.9) >0.05
Canulation site bleeding 40 (18.4) 15 (25) 25 (15.9)
Gastrointestinal hemorrhage 21 (9.7) 6 (10) 15 (9.6)
Disseminated intravascular coagulation 8 (3.7) 0 8 (5.1)
Surgical site bleeding 8 (3.7) 3 (5) 5 (3.2)
Central nervous system hemorrhage 5 (2.3) 1 (1.7) 4 (2.5)
Pulmonary hemorrhage 5 (2.3) 1 (1.7) 4 (2.5)

Pulmonary complications 6 (2.8) 2 (3.3) 4 (2.5) >0.05
Pneumothorax requiring treatment 6 (2.8) 2 (3.3) 4 (2.5)

Mechanical/ECMO circuit complications 19 (8.8) 6 (10) 13 (8.3) >0.05
Clots  in oxygenator 7 (3.2) 0 7 (4.5)
Cannula problems 7 (3.2) 2 (3.3) 5 (3.2)
Oxygenator failure 5 (2.3) 2 (3.3) 3 (1.9)
Hemolysis 4 (1.8) 1 (1.7) 3 (1.9)
Air  in circuit 4 (1.8) 2 (3.3) 2 (1.3)
Clots  in hemofilter 3 (1.4) 2 (3.3) 1 (0.6)
Clots  in other location 2 (0.9) 2 (3.3) 0
Tubing rupture 1 (0.5) 1 (1.7) 0
Cracks in pigtail connectors 1 (0.5) 0 1 (0.6)

Limb  complications 24 (11.1) 7 (11.7) 17 (10.8) >0.05
Ischemia 20 (9.2) 6 (10) 14 (8.9)
Fasciotomy required 4 (1.8) 1 (1.7) 3 (1.9)
Compartment syndrome 2 (0.9) 2 (3.3) 0

Infectious complications 33 (15.2) 18 (30) 16 (10) <0.01
Culture location:

Respiratory 28 (12.9) 14 (23.3) 14 (8.9)
Blood 15 (6.9) 6 (10) 9 (5.7)
Surgical wound 6 (2.8) 3 (5) 3 (1.9)
Urine  4 (1.8) 1 (1.7) 3 (1.9)
Other  3 (1.4) 3 (5) 0
Stool  1 (0.5) 1 (1.7) 0
Skin  and soft tissue 1 (0.5) 1 (1.7) 0

Timing of infection:
On ECPR 16 (7.4) 7 (11.7) 9 (5.7)
Other  23 (10.6) 12 (20) 9 (5.7)

Organism:
Gram  negative 25 (11.5) 12 (20) 13 (8.3)
Gram positive 16 (7.4) 9 (15) 7 (4.5)
Fungus 7 (3.2) 5 (8.3) 2 (1.3)

C alysis,
m

m
c
s
o
c
r
i
p
a
p
o
s
t
(

Virus  2 (0.9) 

PR = cardiopulmonary resuscitation, CAVHD = continuous arterio-venous hemodi
onary resuscitation.

yocardial stunning (10.1%), and arrhythmia (9.2%). Hemorrhagic
omplications occurred in 31.3% of patients, including cannulation
ite bleeding (18.4%) and gastrointestinal hemorrhage (9.7%). Rates
f neurologic complications observed included seizures (5.5%),
entral nervous system (CNS) infarction (2.8%), and CNS hemor-
hage (2.3%). Neurologic complications occurred more frequently
n non-survivors than survivors (29.3% vs 10%, p < 0.01). Limb com-
lications occurred in 11.1% of patients, including ischemia (9.2%)
nd need for fasciotomy (1.8%). ECMO circuit and mechanical com-
lications occurred in 8.8% of patients. Culture proven infection was
bserved in 7.4% of patients while on ECPR, and the most common

ources were respiratory and bloodstream. Infectious complica-
ions occurred more frequently in survivors than non-survivors
30% vs 10%, p < 0.01).
0 2 (1.3)

 ECMO = extracorporeal membrane oxygenation, ECPR = extracorporeal cardiopul-

Discussion

This retrospective analysis of 217 ECPR cases for refractory
OHCA from the ELSO registry revealed an overall survival to hos-
pital discharge rate of 27.6% (95% CI 22.1–34.0%). Male gender was
independently associated with mortality (AOR 2.1 [95% CI 1.1–4.2],
p < 0.05), while age was not, despite an age range of 18–87 years.
Increasing weight was associated with mortality (OR 1.02 [95% CI
1.01–1.04], p < 0.05). ECMO circuit and mechanical complications
occurred in 8.8% of patients. Regional differences in the rate of PCI
(lower in North America than Asia-Pacific and Europe) and reasons

for discontinuation of ECPR were observed.

The observed survival to hospital discharge rate of 27.6% (95%CI
22.1-34.0%) is consistent with previously published case series of
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CPR for OHCA (4–55% [2–15]), and significantly higher than the
verall survival to hospital discharge rate for EMS  treated OHCA
n the United States (11.4% [1]). Inclusion and exclusion criteria
or this potentially life-saving therapy continue to be an area of
ncertainty and active research. While ECPR may  provide survival
enefits to select patient populations, it is a resource intensive
herapy, and inappropriate patient selection may  lead to signifi-
ant increases in resource utilization without change in outcome.

e observed male gender (AOR 2.1 [95% CI 1.1–4.2], p < 0.05) and
eight (OR 1.02 [95% CI 1.01–1.04], p < 0.05) to be associated with
ortality, with a trend towards lower survival in patients weighing

reater than 100 kg. Contrarily, no associations between mortality
nd age, race, or region were observed. These findings are similar
o a recent meta-analysis [26] of ECPR for refractory OHCA that also
bserved no significant association between age and mortality, but
bserved a trend towards female gender with increased odds of
urvival. While prior exclusion criteria for ECPR have included age
reater than 70 or 75 [2,8,13,15,20], this study observed a simi-
ar survival rate in patients greater than and less than 70 years old,
nd the oldest reported survivor was 87 years old. This result brings
nto question rigid exclusion criteria based on age alone. As inclu-
ion and exclusion criteria continue to differ by center and evolve
ith time, these findings may  aid in patient selection for both future

esearch and clinical implementation of ECPR for OHCA.
To our knowledge, this is the largest analysis of an interna-

ional population undergoing ECPR for OHCA to date. While similar
escriptive analyses of ECPR process variables and complication
ates exist for cardiac arrests of all locations (being comprised of
ostly IHCA patients) [16], this is the first ELSO registry-based

escriptive analysis of ECPR for strictly OHCA. The vessels can-
ulated and cannula diameter used from this large international
egistry-based study are similar to prior reports of such process
ariables from smaller case series or single regions [8–15,21]. The
bserved overall median duration of ECPR of 47 h, with a signifi-
antly longer duration in survivors than non-survivors (78 vs 37 h,

 < 0.05), is within range of prior widely varying reports of ECPR
uration following OHCA (10–156 h [2,3,8,9,12,14,15,19]). Accurate
eporting of duration of ECPR may  help avoid both premature with-
rawal of therapy and unnecessary prolonged resource utilization.
eporting of process variables associated with ECPR for OHCA can
otentially influence practice patterns at sites currently performing
his rescue therapy and guide decision making for those developing
ew ECPR programs.

For patients undergoing ECPR following OHCA, the observed
verall rate of PCI (26.3%) was lower than that previously reported
y Kagawa [22] (88%), Yannopoulos [15] (67%), Avalli [2] (61%),
akamoto [13] (54.8%), Stub [14] (42%), Bellezzo [3] (40%), Maekawa
11] (39.6%), Kagawa [9] (38%), and Choi [4] (31%). While the retro-
pective nature of this study cannot assess causation, there was no
ignificant difference in survival between patients who underwent
CI (28.1%) and those who did not (27.5%). Regional differences in
he rate of PCI were observed, with a lower rate in North America
han Asia-Pacific or Europe. The underlying reasons for this appar-
nt discrepancy cannot be determined based on the available data,
ut is an important topic for further investigation.

Regional differences also existed in reasons for discontinuing
CPR, including a lower rate of discontinuation due to family
equest in Europe than North America or Asia-Pacific. This may  be
eflective of cultural beliefs and values dictated by region, but may
lso reflect regional differences in prognostication and physician-
amily communication. Additional regional differences existed in
ates of discontinuation due to organ failure and diagnoses incom-

atible with life, although these terms were not defined and thus
verlap may  have existed.

Extensive reporting of complication rates for ECPR following
HCA is essential to ensure appropriate evaluations of risks and
on 119 (2017) 56–62 61

benefits as this therapy continues to expand in use. While robust
reporting of similar complication rates exists for ECPR used for IHCA
or IHCA and OHCA combined [7,14,16,23–25], less is available for
comparison for strictly OHCA [6,8,9,11,12,15]. This robust reporting
of international complication rates associated with ECPR follow-
ing OHCA can provide centers wishing to monitor institutional
complication rates a benchmark for comparison, and can guide
decision making around risk-benefit decisions associated with this
relatively complex and resource-intensive therapy.

Limitations

This study has several important limitations. Data was  collected
from a volunteer registry, and thus the compliance and accuracy of
reporting are unknown. The retrospective data utilized in this anal-
ysis precludes assessment of causation. No short-term or long-term
functional outcomes (ie, Modified Rankin, Cerebral Performance
Category) were available for review, and thus patient outcome data
is limited to survival to hospital discharge. Specific data around
circumstances of the arrest, resuscitation, and post-arrest care pre-
viously associated with outcomes, including the majority of Utstein
data, were not available. These include presence of witnessed
arrest, presence of bystander CPR, total anoxic time, initial arrest
rhythm, duration of CPR, intra-arrest medications/management,
time from arrest to on ECMO, and utilization of targeted tempera-
ture management. The location of cannulation and specialty of the
cannulator were unknown, and no data on neuroprognostication
was provided. Since only OHCA patients who had received ECPR
were included, the impact of ECPR on survival cannot be evalu-
ated in the absence of a control group. Finally, while this is the
largest international cohort of ECPR for refractory OHCA reported to
date, the sample size remained too small to detect outcome differ-
ences based on cannulation technique, ECMO devices, or ancillary
procedures.

Conclusions

This international analysis of ECPR for refractory OHCA, which
is the largest such international report to date, revealed an over-
all survival to hospital discharge rate of 27.6% (95%CI 22.1-34.0%).
It demonstrated association of male gender and weight with
increased mortality but observed no detectable association of
age with mortality. Procedural preferences, common complica-
tions, and adjunctive therapies utilized were highlighted, and
regional differences in reasons for ECPR discontinuation and the
rate of PCI were observed. The generalizability of these results will
help inform clinical implementation and future research to opti-
mize this potentially life-saving strategy for refractory OHCA, and
regional commonalities observed support a standardized approach
to implementation.
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