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Aim: Although favourable outcomes in patients receiving extracorporeal cardiopulmonary resuscitation
(ECPR) for out-of-hospital cardiac arrest have been frequently reported in Japanese journals since the late
1980s, there has been no meta-analysis of ECPR in Japan. This study reviewed and analysed all previous
studies in Japan to clarify the survival rate of patients receiving ECPR.

Material and methods: Case reports, case series and abstracts of scientific meetings of ECPR for out-of-
hospital cardiac arrest written in Japanese between 1983 and 2008 were collected. The characteristics and
outcomes of patients were investigated, and the influence of publication bias of the case-series studies
was examined by the funnel-plot method.

Results: There were 1282 out-of-hospital cardiac arrest patients, who received ECPR in 105 reports during
the period. The survival rate at discharge given for 516 cases was 26.7 & 1.4%. The funnel plot presented
the relationship between the number of cases of each report and the survival rate at discharge as the
reverse-funnel type that centred on the average survival rate. In-depth review of 139 cases found that
the rates of good recovery, mild disability, severe disability, vegetative state, death at hospital discharge
and non-recorded in all cases were 48.2%, 2.9%, 2.2%, 2.9%, 37.4% and 6.4%, respectively.

Conclusions: Based on the results of previous reports with low publication bias in Japan, ECPR appears
to provide a higher survival rate with excellent neurological outcome in patients with out-of-hospital

Keywords:

Cardiac arrest

Outcome assessment
Extracorporeal circulation
Cardiopulmonary resuscitation

cardiac arrest.

© 2010 Elsevier Ireland Ltd. All rights reserved.

Recent guidelines, based on the accumulation of scientific evi-
dence, are the consensus of many issues relating to skill and
experience in cardiopulmonary resuscitation (CPR). Above all,
avoidance of interruption of chest compression has been strongly
recommended to maintain blood flow during CPR, but chest com-
pression is not adequate to supply sufficient cerebral blood flow in
a cardiac arrest.! Extracorporeal CPR (ECPR) was introduced in the
1960s,? with the intention of improving the neurological outcome.
Several recent studies reported better neurological preservation
after cardiac arrest in patients receiving ECPR.>-® However, there
are few reports regarding its effectiveness on neurological out-
comes in out-of-hospital cardiac arrest patients. The international
consensus (International Consensus on Cardiopulmonary Resusci-

* A Spanish translated version of the summary of this article appears as Appendix
in the final online version at doi: 10.1016/j.resuscitation.2010.08.032.
* Corresponding author at: Department of Emergency Medicine, Teikyo University
School of Medicine, 2-11-1 Kaga, Itabashi-ku, Tokyo 173-8606, Japan.
Tel.: +81 3964 1211x3310; fax: +81 5375 0854.
E-mail address: molimula@r6.dion.ne.jp (N. Morimura).

0300-9572/$ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.resuscitation.2010.08.032

tation and Emergency Cardiovascular Care Science with Treatment
Recommendations in 2005; CoSTR 2005) by the International Liai-
son Committee on Resuscitation has stated that ECPR may improve
outcomes after cardiac arrest, when compared with standard CPR,
in cases of cardiogenic shock and witnessed arrest, where there is
an underlying circulatory disease amenable to immediate correc-
tive intervention.” The American Heart Association (AHA) proposed
that ECPR should be considered for in-hospital patients in cardiac
arrest when the duration of the no-flow arrest is brief and the
condition leading to the cardiac arrest is reversible (e.g., hypother-
mia or drug intoxication) or amenable to heart transplantation or
revascularisation.®

Although cases with a favourable outcome after ECPR in out-of-
hospital cardiac arrest have been frequently reported to Japanese
journals since the late 1980s, there has no meta-analysis of ECPR
in Japan. Thus, this study aimed to collect and review all previously
reported cases in Japan to clarify the survival rate of patients receiv-
ing ECPR. In preparing inclusion criteria for a future prospective
trial, we also conducted an in-depth review to determine possible
beneficial factors for neurological outcome in patients receiving
ECPR.
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Potentially relevant papers identified and
screened for retrieval by the thesaurus search

(821 papers)

' Excluded (716 papers)

v Case report (43 papers)
v Case-series (62 papers)

Papers retrieved for detailed evaluation
(105 papers, including 1282 cases)

v’ in-hospital arrest
¥ no episode of CPA*

(Cases excluded (1143 cases)

(139 cases)

Cases included in the in-depth review

v 43 cases from “case report”
v'96 cases from “case-series”

v lack of detailed
description

/

Fig. 1. Analysis trial flow. * CPA: cardiopulmonary arrest.

1. Materials and methods
1.1. Study design

This study encompassed a review of the Japanese medical liter-
ature. The primary end point of this study was the survival rate at
discharge of patients receiving ECPR. The secondary end point was
neurological outcome at discharge as determined by the Glasgow
Outcome Scale (GOS).

1.2. Methods of collection of previous reports

1.2.1. Data source and search strategy

Potentially relevant papers were identified and screened for
retrieval by a thesaurus search. The search engine was the
major Japanese databanks of ‘Igaku Chuou Zasshi (Japana Centra
Revuo Medicina). The combined searching filters were (JINKO-
SHINPAI (‘cardiopulmonary bypass’ in Japanese) or percutaneous
cardiopulmonary support system (PCPS)) and (SHIN-TEISHI (‘car-
diac arrest’ in Japanese) or SHINPAI-TEISHI (‘cardiopulmonary
arrest’ in Japanese)) or {SOSEI (‘resuscitation’ in Japanese)).

1.2.2. Study selection

Inclusion criteria were case reports, case series and abstracts
of scientific meetings describing ECPR for out-of-hospital car-
diac arrest, and published in Japanese journals between January
1983 and August 2008. Case reports/series including in-hospital
or non-cardiac arrest patients, intentional intra-operative cardiac
arrest (e.g., in open heart surgery), introduction of PCPS especially
for therapeutic hypothermia in the post-resuscitation phase, data
from abstracts in supplements of journals which were included
in original published case reports/series, experimental studies and
narrative reviews were excluded in the expert review carried out
by seven emergency care physicians.

1.2.3. Study quality assessment

The influence of publication bias on the reported survival rate
was examined by the funnel plot. Prior to the use of this method,
case reports presenting only one case were excluded because of
expected publication bias.

1.2.4. Data-extraction strategy and the analysis of extracted data
The characteristics and outcomes of the patients were investi-
gated. The data collected were age, sex, witnessed or not, bystander

39

CPR or not, initial cardiac rhythm on the scene or on admission
to the emergency department (ED) or just before the introduction
of ECPR (ventricular fibrillation (VF), pulseless ventricular tachy-
cardia (VT), pulseless electrical activity (PEA) or asystole), time
course (collapse to ECPR interval (min), admission on ED to ECPR
interval (min) and duration of ECPR (h)), aetiology, survival rate
and GOS at discharge and hospital length of stay. Survival rates
at discharge, excluding cases of accidental hypothermia, were also
clarified. Additional examinations or therapies of coronary angiog-
raphy, percutaneous coronary intervention, intra-aortic balloon
pumping and therapeutic hypothermia were identified. Complica-
tions related to ECPR, such as bleeding at insertion site, ischaemia of
the lower extremity if the cannula was replaced in a femoral vessel
and malposition of the cannula, were clarified.

An in-depth review was also conducted on all case reports and
those cases in the case series with a detailed description of the
clinical course, to clarify the patient characteristics and outcome.
Excluding cases of accidental hypothermia and cases with no record
of cardiac rhythm/aetiology, comparison of the outcome was per-
formed between cases with cardiac and non-cardiac aetiology, and
also between cases with shockable (VF and pulseless VT) and non-
shockable rhythm (asystole and PEA).

1.3. Statistical analysis

Continuous variables were compared between groups using
Student’s t-test. Categorical variables were compared by the chi-
square test. In groups with low numbers, Fisher's exact test was
used instead of the chi-square test. Analyses of data were per-
formed using statistical software (Statistical Package for Social
Sciences (SPSS) version 11.0; SPSS Japan Inc., Tokyo, Japan). For all
analyses, significance was defined as p < 0.05.

2. Results
2.1. Study population

According to the thesaurus search, 821 potentially relevant
papers were identified and screened for retrieval. There were 1282
out-of-hospital cardiac arrest patients, who received ECPR as dis-
cussed in 105 articles (including 62 case series and 43 case reports)
during the study period. A total of 139 cases were included in the
in-depth analysis (Fig. 1).
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Table 1
Baseline characteristics and survival rate at discharge of total 1282 cases.
Characteristic n
Age—year 51(4-88) 722
Males—no. (%) 419(75.9) 552
Witnessed arrest—no. (%) 333(90.7) 367
Bystander CPR—no. (%) 234(71.8) 326
Cardiac aetiology—no. (%) 621(48.4) 930
Survival rate at discharge—no. (%)
Simple average (%) 429415 991
Overall rate (=total survival 29.1+14 991
cases/total cases) (%)
Overall rate (=total survival 267+14 516

cases/total cases) (%) excluding
hypothermia cases

90 /\

wl P&

ol [\
i
ol \
ol e
ol o\
wlle *° N\

10 / "090 z”’ . \ ’

0 T T T T
0 0.2 0.4 0.6 0.8 1

Survival rate X100 (%)

Number of cases

Fig. 2. The number of cases and the survival rate at discharge in each of 44 case
series (Funnel plot method).

3. Results

The baseline characteristics of cases, which included descrip-
tions of specific elements, were as follows: the average age was 51
years (range, 4-88 years) in 722 cases; 419 patients (75.9%) were
male and 133 (24.1%) were female in 552 cases; witnessed arrest
was 90.7% (333 cases) of 367 cases; bystander CPR was performed
in 234 (71.8%) of 326 cases; and cardiac aetiology was verified in
621 (48.4%) of 930 cases (Table 1).

As many as 54 papers, with the exception of 43 case reports pre-
senting only one case, provided 991 cases with clearly described
outcomes. The simple average survival rate at discharge was
42.941.5%. Overall survival rate at discharge (=total survival
cases/total cases) was 29.1 £ 1.4%. Excluding accidental hypother-
mia cases, overall survival rate at discharge of 516 cases was
26.7 +1.4%. When the relationship between the number of cases
and the survival rate at discharge in each of 44 case series was
subjected to the funnel plot, the data presented the reverse-

Table 3

Table 2
Baseline characteristics and survival rate at discharge in the in-depth review and
additional pre-/in-hospital data.

Characteristic n
Age—average year (min-max) 45 (4-88) 130
Males—no. (%) 94 (67.6)
Females—no. (%) 38(27.3)

Not recorded—no. (%) 7 (5.0)
Witnessed arrest—no. (%) 72(51.8)
Non-wittnessed arrest—no.(%) 7(5.0)

Not recorded—no. (%) 60 (43.2)
Bystander CPR—no. (%) 44 (31.7)

20(14.4)
Not recorded—no. (%) 75 (54.0)

Initial rhythm
Shockable rhythm (VF, pulseless VT)—no. (%) 23(16.5)
Non-shockable rhythm (asystole/PEA)—no. (%) 11(7.9)
Not recorded—no. (%) 105 (75.5)
Rhythm on admission of ED
Shockable rhythm (VF, pulseless VT)—no. (%) 25(18.0)
Non-shockable rhythm (asystole, PEA)—no. (%) ~ 21(15.1)
Not recorded—no. (%) 93 (66.9)
Rhythm before introduction of ECPR
Shockable rhythm (VF, pulseless VT)—no. (%) 44 (31.6)
Non-shockable rhythm (asystole, PEA)—no. (%) 22(15.8)

Not recorded—no. (%) 73(52.5)
Aetiology

Cardiac aetiology—no. (%) 88(63.3)

Non-cardiac aetiology—no. (%) 46 (33.1)

Not recorded—no. (%) 5(3.6)
Collapse—ECPR interval (min) 52.0[33.3,70] 37
Admission on ER—ECPR interval (min) 32.0[20.0,60.0} 30
Duration of ECPR (h) 48.0(20.3, 48.0] 57
Hospitalization (day) 16.5[3.0,47.0] 38
CAG-yes/no/not recorded 31/12/96
PCl—yes/no/not recorded 22/19/98
[ABP—yes/no/not recorded 37/11/91

Therapeutic hypothermia—yes/no/not recorded 20/8/111
Complication related to ECPR
Bleeding
Ischemia of lower extremity
Malposition
No complications
Not recorded

" Median value [25% tile, 75% tile].

- NN D

funnel type that centred on the average survival rate of all cases
(Fig. 2).

3.1. In-depth review

Anin-depth review of 139 cases demonstrated that the cause of
arrest was cardiac in 88 cases (63.3%). The average age was 45 years
(range, 4-88) in 130 cases, with 67.6% male (94/132). Witnessed
arrest was 91.1% (72/79). Bystander CPR was performed in 68.8%
(44/64) (Table 2). There were 60 cases of shockable rhythm on the
electrocardiogram (ECG) either at the scene or on arrival at the ED
or just before introduction of ECPR.

There was no significant difference in survival rate at dis-
charge between the cases with cardiac aetiology and those with
non-cardiac aetiology (59.1% vs. 79.2%, odds ratio=0.73, 95%

Comparison of survival-to-hospital discharge between cases with cardiac and non-cardiac aetiology, and comparison between cases with shockable and non-shockable

rhythm in the in-depth review.

Survival n OR [lower 95%, higher 95%] p
Cardiac aetiology—no. (%) 43(59.1) 76 0.73[0.29, 1.87] 0.51
Non-cardiac aetiology—no. (%) 16(79.2) 25
Total 59(58.4) 101
Shokable rhythm (VF, pulseless VT) 33(70.2) 47 4,02 [1.32,12.41] 0.01
Non-shockable rhythm (asystole, PEA) 7(36.8) 19
Total 40(60.6) 66
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Table 4
Aetiology and neurological outcome in the in-depth review.

Etiology n (%) Outcome at discharge (Glasgow Outcome Scale) GR of GOS (%) Favourable outcome of
GOS (GR or MD) (%)
GR MD SD VS D Not recorded* Exclude* Include* Exclude*® Include®
ACS 43 30.9 18 1 2 19 3 419 45.0 419 45.0
Arrythmia 22 15.8 13 1 8 59.1 59.1 63.6 63.6
Hypothremia 19 13.7 12 1 5 1 63.2 66.7 63.2 66.7
Overdose 10 7.2 9 1 90.0 90.0 90.0 90.0
Myopathy 8 5.8 3 1 3 1 375 429 50.0 57.1
Trauma 3 2.2 1 2 333 333 333 333
Myocarditis 7 5.0 2 1 1 3 286 286 42.9 429
PE 4 2.9 1 2 1 25.0 333 25.0 333
Asthma 2 1.4 1 1 50.0 50.0 50.0 50.0
Renal failure 2 14 1 1 50.0 50.0 50.0 50.0
Drowning 2 14 1 1 50.0 50.0 50.0 50.0
Neck hanging 1 0.7 1 100.0 100.0 100.0 100.0
AAD 1 0.7 1 0.0 0.0 0.0 0.0
SAH 1 0.7 1 0.0 0.0 0.0 0.0
Unknown 2 1.4 1 1 0.0 0.0 0.0 0.0
No description 12 8.6 4 1 4 3 333 44.4 41.7 55.6
Total 139 100 67 4 3 4 52 9 48.2 51.5 51.1 54.6

* “Exclude” means “% calculated by excluding the number of not-recorded cases from a population”. “Include” means “% calculated by including the total number of cases in

a population”.

confidence interval (CI): 0.29-1.87, p=0.51). Excluding cases of
accidental hypothermia and cases with no records of cardiac
rhythm/aetiology, survival rate at discharge of the cases with
shockable rhythm on the initial ECG or during transport or after
admission was statistically higher than that of non-shockable
rhythm in this population (70.8% vs. 36.8%, odds ratio=4.02, 95%
Cl: 1.32-12.4, p=0.01) (Table 3).

The rates of good recovery, moderate disability, severe disabil-
ity, vegetative state, death at hospital discharge and non-recorded
cases were 48.2%, 2.9%, 2.2%, 2.9%, 37.4% and 6.4%, respectively. The
main outcomes of patients receiving ECPR were good recovery or
death (Table 4).

4. Discussion

In our study, the survival rate at discharge was higher than
that presented in the annual data in the official report of the
Ambulance Service of the Fire Department in 2006 in Japan. The
survival rate at 1 month was 8.5% of 18,320 cases of witnessed and
cardiac-verified out-of-hospital cardiac arrest. Of these cases, the
survival rate of patients of VF/pulseless VT was 20.5% (1049/5113).
Although there might be different characteristics in each case
included in the analysis, results from the funnel plot demon-
strated low publication bias in this population. Therefore, these
results suggest that ECPR may provide a higher survival rate than
conventional CPR. However, patient selection bias, for example,
a tendency to use ECPR in younger patients, remains a limita-
tion. Recently, several reports described the efficacy of ECPR on
the outcome of cases of in-hospital cardiac arrest,®'? cardiogenic
shock!® or paediatric cases.!' Chen and his colleagues reported
in their prospective cohort study that ECPR provided better out-
comes for in-hospital cardiac arrest patients than conventional
CPR.? Nichol et al. systematically reviewed a large number of case
series studies of cardiogenic shock and cardiac arrest. The survival-
to-hospital discharge rate was 44.9+6.7% of 1494 cases in 84
reports.'? Another meta-analysis of 288 paediatric cases reported
the rate as 39.6%.'!

Most neurological outcomes in the GOS at discharge were good
recovery or death, and there were very few cases of mild disabil-
ity, severe disability and vegetative state in this in-depth review
of cases, regardless of the cause of cardiac arrest. The princi-
pal component of the ECPR was a heparin-bonded surface circuit
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including a centrifugal pump and hollow-fibre oxygenator. In gen-
eral, the pump can immediately generate sufficient blood flow in
adult patients after the introduction of the artificial circulation.
On the other hand, closed chest compression results in a car-
diac output of 25-30% of normal when performed under optimal
conditions.! Thus, cerebral blood flow may be adequately main-
tained during ECPR, and may be one of the reasons for a good
neurological outcome in patients receiving ECPR. In addition, the
circuit of the ECPR can be easily connected to a temperature con-
troller, which is able to perform therapeutic hypothermia. In our
few cases with documentation, therapeutic hypothermia was actu-
ally combined with ECPR in 71.4% (20/28) of the patients. In the
metabolic phase of a three-phase time-sensitive model after car-
diac arrest, a possible protective mechanism against reperfusion
cellular injury may involve hypothermia-mediated attenuation
of the rapid oxidant burst.'? Nagao et al. described that ECPR
for induction of hypothermia has been shown to improve sur-
vival rates in a small study of patients, who arrived at the ED
in cardiac arrest and failed to respond to standard advanced car-
diac life-support techniques.'> A previous report described that
more rapid introduction of hypothermia can contribute to a bet-
ter neurological outcome.® Unfortunately, we could not collect
detailed data on the association with therapeutic hypothermia,
but a rapid induction of hypothermia could also explain the bet-
ter neurological outcome of patients receiving ECPR where it was
applied.

The establishment of a technique for immediate corrective
intervention with the ECPR circuit is one of the future problems
to be resolved. It is very difficult to access the large vessels dur-
ing CPR. The CoSTR 2005 stated that ECPR is a difficult technique
because experienced staff is required to perform it safely and
quickly. Rapid placement of arterial and venous cannulae in the cir-
cuit is a key intervention for successful ECPR. Delayed placement
prevents patients from obtaining the full performance capability of
ECPR. Although an echo-guide technique or surgical approach has
been introduced, a standard method has not yet been established.
Further study will determine a standard procedure for its rapid and
safe replacement. Other problems are lack of a standard method
of weaning, complications related to haemorrhage with the use of
anticoagulants and the cost.

In this study, there were a number of causes of cardiac arrest and
no significant differences in the outcomes between cases with car-
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diac and non-cardiac aetiology. Many of the cases in this population
were witnessed and received bystander CPR. Comparing survival
rates at discharge between the cases with shockable and non-
shockable rhythm, a statistically significant higher survival rate was
found in the cases with shockable rhythm. Based on these findings,
inclusion criteria for a multicentre, prospective non-randomised
cohort study were established. The ‘SAVE-J: Study of advanced
life support for ventricular fibrillation with extracorporeal circu-
lation in Japan’ was launched and has been ongoing since October
2008 to compare the proportion of patients with a favourable neu-
rological outcome by intention-to-treat in an ECPR group with a
non-ECPR group. The key inclusion criteria were as follows: (1)
shockable rhythm on the initial ECG; (2) cardiac arrest on arrival
at hospital regardless of the presence of recovery of spontaneous
circulation before arrival; (3) arrival at hospital within 45 min of
the call for an ambulance or cardiac arrest; and (4) cardiac arrest
remaining for more than 15 min after arrival at hospital. The result
of SAVE-] will determine the efficacy of ECPR and the indication
criteria.

5. Conclusion

The study found that the influence of publication bias in pub-
lished case series of ECPR in Japan was relatively low. The analysis
indicated that ECPR could provide a higher survival rate with
favourable neurological outcome in cases of out-of-hospital cardiac
arrest.
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Abstract

Complications of Percutaneous Cardiopulmonary Support

Yoshio Tahara™" * Naoto Morimura®" %, Tetsuyva Sakamoto ™
2

Ken Nagao™, Hiroyuki Yokota™ Yasufumi Asai*®

*'Advanced Critical Care and Emergency Center, Yokohama City University Medical Center
4-57 Urafune-cho, Minami-ku. Yokohama, Kanagawa 232-0024, Japan
“*SAVE-] study group

Recently. percutaneous cardiopulmonary support (PCPS) has been increasingly used for cardiopulmonary arrest
in Japan. The survival rate of patients with PCPS has remarkably improved because of early induction and pro-
gression of the treatment using the PCPS devices. However, the complications associated with PCPS have not re-
duced because PCPS has also been indicated for use in elderly people and the emergency use of PCPS has in-
creased. The frequency of complications of PCPS may increase, particularly with combination therapies (e.g.,
intraaortic balloon pumping, primary percutaneous coronary intervention, and therapeutic hypothermia) that re-
quire several vessel puncture. PCPS complications include vascular injury. including aortic dissection. bleeding,
thromboembolism, ischemia of lower extremity. infection. and hemolysis. In addition. during PCPS maintenance,
faulty maintenance of the PCPS circuit becomes fatal. Therefore, close observation and immediate treatment of
patients on PCPS by the team including physicians, nurses, and clinical engineers are essential.
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