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Initial pH and shockable rhythm are associated with favorable
neurological outcome in cardiac arrest patients resuscitated with
extracorporeal cardiopulmonary resuscitation
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Background: There is uncertainty about best selection criteria for extracorporeal cardiopulmonary
resuscitation (¢CPR) in the setting of refractory cardiac arrest. We aimed to identify factors associated with
a favorable neurological outcome, and to build a score calculable at the time of ECMO insertion predicting
the prognosis.

Methods: Retrospective analysis of all patients who underwent eCPR between 2010 and 2017 in a single
university hospital. Primary end point was survival with favorable neurological outcome at intensive care unit
(ICU) discharge defined as a Cerebral Performance Category of 1 or 2.

Results: Overall low-flow time of the 113 included patients was 84 [55-122] minutes. Eighteen patients
(16%) survived with a favorable neurological outcome. By multivariate logistic regression analysis, initial
shockable rhythm, and arterial blood pH at the time of eCPR implantation >7.0, were independent
predictors of survival with favorable neurological outcome. All of the patients presenting with both non-
shockable rhythm and pH <7.0 at the time of eCPR implantation died in the ICU.

Conclusions: At the time of eCPR start, only initial shockable rhythm and arterial pH >7.0 predicted
neurological outcome. A selection of the patients who might benefit from eCPR, based upon initial rhythm

and arterial pH rather than on low flow time, should be further evaluated.
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Introduction CPR. In this setting, extracorporeal CPR with veno-

Refractory cardiac arrest, usually defined as persistent arterial extracorporeal membrane oxygenation (ECMO)

cardiac arrest despite 30 minutes of medical cardio- has been found to be associated with better neurological
pulmonary resuscitation (CPR) (1), is associated with an outcome compared to conventional CPR (2-4). A recent

extremely low probability of survival with conventional analysis of the Extracorporeal Life Support Organization
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(ELSO) database showed that the use of extracorporeal
CPR (eCPR) has increased during the last decade (5).
Because no prospective randomized trial is available, there
is currently no strong recommendation that precisely details
the exact indications for eCPR. Indeed, the guidelines
of the European Research Council of 2015 only stated
that eCPR should be considered as a rescue therapy for
patients in whom initial advanced life support measures are
unsuccessful (6). Because eCPR is associated with a very
high mortality rate, identification of early prognostic factors
is needed for avoiding futile care. In the setting of out of
hospital cardiac arrest (OHCA), a recent metanalysis has
identified initial shockable rhythm, low flow duration, pH
and lactate values as prognostic factors (7). In the setting of
in-hospital cardiac arrest (IHCA), initial shockable rhythm,
low flow duration, lactate, creatinine and Sequential
Organ Failure Assessment (SOFA) have been found to be
associated with outcome (8). While such factors obviously
reflect severity, data regarding to critical thresholds are
lacking.

Objectives of this retrospective chart review were first,
to identify factors associated with a favorable neurological
outcome, and second, to build a score calculable at the time
of ECMO insertion predicting the prognosis of patients
benefiting from eCPR.

Methods
Population

We performed a retrospective chart review of all patients
admitted to our tertiary regional intensive care unit (ICU)
who underwent eCPR implantation for refractory cardiac
arrest between February 2010 and March 2017. Cases were
identified through a prospectively maintained electronic
database. Refractory cardiac arrest was defined as persistent
cardiac arrest after 15 minutes of medical CPR (9). Because
of a potentially different prognosis (10,11), patients
suffering from post-cardiac arrest cardiogenic shock were
excluded. After initial resuscitation, for persistent comatose
patients, decision of withdrawing life-support was based
upon multimodal evaluation indicating a poor neurological
outcome. This decision was made in the ICU during a
collegial meeting associating experienced medical doctors
and nurses (12,13).

This was a retrospective observational study reporting
data of a large cohort and not about an individual patient.
Therefore, according to French legislation, neither
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informed consent nor approval of the ethics committee
was required. However, general information of the
families was made in the ICU by a poster explaining that
data concerning their next of kin might be used later for
scientific analyses and could be published with anonymized
data unless they express their opposition. No opposition
was expressed.

Local procedure for eCPR patient’s selection

Between 2010 and 2015, decision to perform eCPR was
based upon the French recommendations of 2009 (1).
Then, a protocol has been implemented at our institution
in 2015. In the setting of refractory OHCA, the patient was
transferred to our hospital under automatized mechanical
chest compressions (Lucas®, Chest Compression System,
Physio-Control Inc., Redmond, WA, USA) by helicopter
when available. At the same time, the emergency medical
dispatcher reached the on call cardiac surgeon for eCPR
if five pre-specified criterions were both present: (I)
suspected cardiac origin, (II) age younger than 65-year-
old, (III) witnessed collapse and immediate efficient CPR,
(IV) expected time between collapse and eCPR start below
150 minutes, (V) EtCO, at any time <5 mmHg no longer
than 5 minutes.

eCPR management

After cut-down cannulation performed at the femoral
site, targeted ECMO blood flow was set at 2.4 L/min/m’.
A canula was inserted in the superficial femoral artery to
prevent limb ischemia. Targeted temperature management
(T'TM) was let at the discretion of the clinician in charge
but usually followed the TTM recommendation during the
first 24 hours. When intra-abdominal pressure was rising
leading to insufficient ECMO blood flow, the patient was
sedated and paralyzed. Patients were weaned from ECMO
if they had a left ventricular ejection fraction >25%, and
maintained an aortic time-velocity integral >10 cm and
a lateral mitral annulus peak systolic velocity >6 cm/s at
ECMO minimal flow, with low dose of vasopressors (14).

Variables assessment

Demographic data collected included age, gender, cause
of cardiac arrest, and any known comorbidities. Cardiac
arrest related data included the out-of-hospital or in-
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hospital setting, witnessed, duration of no flow and low
flow, and initial rhythm. Low flow duration was defined as
time between collapse and effective eCPR start. In hospital
treatments included percutaneous coronary intervention,
use of vasopressors and inotropes, left ventricle unloading,
renal replacement therapy, mechanical ventilation and
transfusion. Severity related data included blood lactates
and pH at the time of admission to the operating room and
just before eCPR start, or just after initiation of ECMO,
and 24 hours later, SOFA and SAPS2 scores. ICU length
of stay were also recorded. ECMO related data included
duration of ECMO and successful weaning. ECMO related
complications included bleeding, and lower limb ischemia.
Bleedings were defined as type 3 of the Bleeding Academic
Research Consortium (BARC) (15). Occurrence of abdominal
compartment syndrome (ACS) was also recorded. Because
of the particular setting of ECMO, ACS was defined as the
association of intra-abdominal pressure above 15 mmHg and
insufficient ECMO blood flow. Intra-abdominal pressure
was assessed by the validated trans-bladder technic (16).

Endpoints

Primary objective was to identify factors associated with
survival with favorable neurological outcome at ICU
discharge, defined by a Cerebral Performance Category
scale (CPC) score of 1 or 2 (12).

Statistical analysis

Qualitative variables were expressed as number and
percentage and compared using the Fisher’s exact test.
Quantitative variables were expressed as median and
interquartile range and compared using the Wilcoxon
test. After description of the study population, a univariate
analysis comparing patients with favorable neurological
outcome (CPC 1 or 2) and patients with poor neurological
outcome (CPC 3 to 5) was performed. Factors associated
with CPC 1 or 2 by univariate analysis were dichotomized
using the median value of the overall population. Finally,
two logistic regression models with multivariable backward
analysis were performed in order to identify variables
independently associated with favorable neurological
outcome. First, a complete model, using all factors
associated with CPC 1 or 2 identified by univariate analysis.
Second, and an “admission” model including only data
available at the time of operating room admission and
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before eCPR start. The variables of the second model were
secondly chosen in order to build a predictive score. All
analyses were performed using SAS 9.4 (SAS Institute Inc,
Cary, NC, USA).

Results
Population characteristics

Between February 2010 and March 2017, 113 adult
patients benefited from eCPR in the University Hospital
of Besancon, including 53 OHCA (47%). Two patients
died in the operating room because of cannulation failure.
Sixteen out of 60 IHCA patients were already in the ICU
at the time of cardiac arrest. Baseline characteristics of the
population and differences between IHCA and OHCA
patients are reported in Table 1.

eCPR

The cannulas were surgically inserted in all cases. All except
two were inserted through femoral vessels. In the whole
cohort, median fluid intake during the first 24 hours was
7.0 [4.0-8.5] L. Median extracorporeal life support duration
was 39 [11-96] hours in the whole cohort, and 82 [64-120]
hours in long term survivors. Forty-four patients (39%)
died before 24 hours of eCPR. Among the 69 patients alive
at 24 hours, data on ECMO blood flow was available for
67, and its median value was 3.7 [3.1-4.2] L/min. Twenty-
one patients (19%) have benefited from left ventricle
unloading technic. Among them, 15 patients (13%) were
assisted by intra-aortic balloon pump. Nine patients (8%)
needed another left ventricle venting technic, including
surgical apical venting (n=5), atrioseptotomy (n=3), and
PulseCath™ LV21 catheter (Intra-Vasc NL, Groningen,
The Netherlands) (n=1).

Prognosis

At ICU discharge, 19 patients were alive (17%), of whom
18 had a CPC 1 or 2 (16%). At day 90, all of the 18 alive
patients were CPC 1 or 2 (16%). Three out of 11 OHCA
patients (27%) with a low flow duration longer than
150 minutes were discharged alive from ICU with CPC
1 or 2. Median ICU length of stay was 2 [0-7] days in the
whole cohort, and 12 [10-18] days in patients with CPC
1or2.
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Table 1 Characteristics of the 113 patients requiring extracorporeal cardiopulmonary resuscitation, and differences between IHCA and OHCA

patients
Characteristics Overall population, n=113 IHCA, n=60 OHCA, n=53 P
General characteristics
Age (years) 55 [46-63] 59 [53-66] 50 [43-56] 0.00003
SOFA at ICU entrance 15 [12-16] 14 [12-16] 15 [12-16] 0.93
SAPS2 at ICU entrance 86 [78-94] 86 [79-94] 86 [76-93] 0.73
Cardiac arrest characteristics
Shockable initial rhythm 42 [37] 11[18] 31 [58] 0.00001
No flow duration (min) 0[0-3] 0 [0-1] 2 [0-5] 0.00002
Low flow duration (min) 84 [55-122] 60 [40-87] 115 [84-140] 0.0000001
Coronarography 87 [77] 41 [68] 46 [87] 0.02
Percutaneous coronary intervention 53 [47] 26 [43] 27 [51] 0.38
First arterial blood gas
pH 7.00 [6.82-7.15] 7.00 [6.82-7.14] 6.99 [6.81-7.15] 0.75
Serum lactate (mmol/L) 13 [10-15] 13 [10-15] 13 [10-15] 0.93
Cause of cardiac arrest
Acute coronary syndrome 61 [54] 29 [48] 32 [60] 0.13
Ventricular arrhythmia 81[7] 3[5] 519]
Pulmonary embolism 9 [8] 8[13] 11[2]
Drug poisoning 3[3] 2[3] 11[2]
Other 32 [28] 18 [30] 14 [26]
Outcome
ICU discharge with CPC 1 or 2 18 [16] 7[12] 11 [21] 0.18

Data are n (%); median [interquartile range]. IHCA, in-hospital cardiac arrest; OHCA, out of hospital cardiac arrest. ICU, intensive care unit;

CPC, Cerebral Performance Category scale.

Prognostic factors

By univariate analysis, initial rhythm, first arterial pH,
serum bicarbonates, aspartate aminotransferase, creatinine
and lactates concentrations, ACS during ICU stay,
SOFA and SAPS2 at ICU entrance were associated with
neurological outcome at ICU discharge (7able 2). Because
low-flow duration was not associated with neurological
outcome at ICU discharge by univariate analysis, it was not
considered in the multivariate analysis.

By multivariate analysis, in a complete model, initial
shockable rhythm [(OR 4.7; 95% CI, 1.2-18.2), pH
>7.0 (OR 7.4; 95% CI, 1.3-41.1)], and serum creatinine
<141 pmol/L (OR 4.3; 95% CI, 1.1-17.5) were

independently associated with a favorable neurological

© Journal of Thoracic Disease. All rights reserved.

outcome at ICU discharge. In the “admission” model using
only parameters available at the operating room before
eCPR start, initial shockable rhythm (OR 5.9; 95% CI,
1.8-19.6) and pH >7.0 (OR 3.9; 95% CI, 1.1-14.4) were
independently associated with a favorable neurological
outcome at ICU discharge (1able 3).

Considering these results, we established a prognostic
score integrating initial shockable rhythm and pH >7.0
on the first arterial blood gas (Table 4). A score of 1
corresponded to a patient who met both two criterions. A
score of 2 corresponded to a patient who met one of the
two criterions. A score of 3 corresponded to a patient who
met none of the criterions. All the patients presenting with
a score of 3 died in ICU. The negative predictive value for
CPC 1 or 2 of a score <2 was 100% (Table 5).
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Table 2 Univariate analysis of the factors associated with neurological outcome at ICU discharge among 113 patients requiring extracorporeal

cardiopulmonary resuscitation

Variable CPC 3-5, n=95 CPC 1-2, n=18 P
Age (years) 56 [45-63] 52 [47-57] 0.27
Male sex 75 [79] 10 [56] 0.07
OHCA 42 [44] 11 [61] 0.21
Witnessed cardiac arrest 89 [94] 18 [100] 0.59
Initial shockable rhythm 29 [31] 13 [72] 0.003
No-flow duration (min) 0 [0-4] 0[0-2] 0.39
Low-flow duration (min) 88 [55-124] 71 [55-100] 0.38
End tidal CO, (mmHg) 19 [12-29] 16 [12-37] 0.94
Biological results at ICU admission
pH 6.97 [6.80-7.12] 7.15[7.01-7.23] 0.007
Serum bicarbonates (mmol/L) 11 [8-14] 14 [11-16] 0.04
ASAT (UI/L) 836 [417-1,901] 377 [184-907] 0.004
Serum creatinine (umol/L) 146 [119-181] 115 [105-158] 0.04
Serum lactates (mmol/L) 13.5[10.9-15.3] 10.3 [9.5-13.0] 0.002
Abdominal compartment syndrome 36 [38] 0[0] 0.0006
Laparotomy 14 [15] 0[0] 0.12
Severe hemorrhage 41 [43] 7 [39] 0.61
SOFA score at ICU admission 15 [12-16] 12 [10-15] 0.04
SAPS2 score at ICU admission 87 [80-95] 82 [70-86] 0.005

Data are n (%); median [interquartile range]. OHCA, out-of-hospital cardiac arrest; ASAT, aspartate-aminotransferase.

Complications

Complications are reported in Table SI. Thirty-six patients
(32%) had ACS. Their median low flow duration was
110 [83-133] minutes. Their median fluid intake during
the 24 first hours was 8 [7-10] L. Out them 14 (12%)
underwent laparostomy for ACS. In this subgroup,
median red blood cell transfusion was 7 [4-14]. All
of these 36 patients died after a median duration of
19 [6-48] hours.

Discussion

In this retrospective review of our eCPR experience, we
found a 16% survival at ICU discharge with CPC 1 or 2,
with no difference between OHCA and IHCA. In our
cohort, all patients presenting with initial non-shockable
rhythm and first pH <7.0 died in the ICU.

© Journal of Thoracic Disease. All rights reserved.

Outcome

Our results regarding the neurological outcome in OHCA
patients are consistent with those previously published.
Indeed, in a recent meta-analysis of 15 observational studies
on 841 OHCA patients, survival with favorable neurological
outcome was 15% (7).

However, in contrast with previously published studies,
we found only a 12% survival with favorable neurological
outcome in IHCA. In the meta-analysis by D’Arrigo er al.
35% of the 635 patients treated by eCPR for IHCA were
discharged alive with CPC 1 or 2 (8). Controversial results
are reported and are explained by an older age, different
etiology, severity of the patients. Our poorer results in this
setting might be explained by several factors. First, this
subgroup was characterized by a high rate of non-shockable
initial rhythm (82%). Second, 26% of them were already in
ICU at the time of cardiac arrest, reflecting a high baseline
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Table 3 Simple and multiple logistic regression analyses of the variables associated with a favorable neurological outcome (CPC 1 or 2) at ICU

discharge among patients requiring extracorporeal cardiopulmonary resuscitation

Simple logistic regression

Multiple logistic regression,

Multiple logistic regression,

Variables complete model (c =0.82) admission model (c =0.81)
OR (95% CI) P OR (95% CI) P OR (95% Cl) P

Non shockable rhythm 1 0.003 1 0.03 1 0.004

Shockable rhythm 5.6 (1.8-16.9) 4.7 (1.2-18.2) 5.9 (1.8-19.6)

pH <7.0 1 0.02 1 0.02 1 0.04

pH =7.0 4.2 (1.3-13.7) 7.4 (1.3-41.1) 3.9 (1.1-14.4)

Lactate =13 mmol/L 1 0.03 0.48 0.19

Lactate <13 mmol/L 3.3(1.1-10.1)

Creatinine =141 1 0.04 1 0.04

Creatinine <141 3.3(1.1-10.0) 4.3(1.1-17.5)

SOFA =15 1 0.047 0.67

SOFA <15 3.5(1.0-12.3)

IGS2 =86 1 0.07

IGS2 <86 2.8(0.9-8.2)

ASAT =61 UI/L 1 0.07

ASAT <761 UI/L 2.9 (0.9-9.0)

Bicarbonate <12 1 0.14

Bicarbonate =12 2.4 (0.8-7.4)

CPC, Cerebral Performance Category scale; ICU, intensive care unit; OR (95% ClI), odds ratio (95% confidence interval); SOFA, sequential
Organ Failure Assessment; ASAT, aspartate-aminotransferase. AUC of the multivariate model: 0.83.

Table 4 Prognostic score

Score n=105 CPC 1-2 CPC 3-5 P
1= pH =7.0 and shockable rhythm 21 [20] 9 [43] 12 [57] 0.0003
2= pH <7.0 and shockable rhythm or pH >7.0 and non-shockable rhythm 52 [50] 9[17] 43 [83]

3= pH <7.0 and non-shockable rhythm 32 [30] 0 [0] 32 [100]

CPC, Cerebral Performance Category scale

severity. Third, in our institution cardiac surgeons are on-
call. Compare to on-duty surgical team, it is likely to favor
longer low-flow time.

Prognostic risk factors

We found that only initial shockable rhythm, first serum
creatinine <141 pmol/L and first arterial pH >7.0 were
independently associated with survival with favorable
neurological outcome. These results are partially consistent
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with those previously published. Higher arterial pH
was previously reported to be associated with favorable
neurological outcome only in OHCA patients (7). In both
OHCA and THCA, previously published prognostic factors
were initial shockable rhythm, but also shorter low-flow
duration and lower serum lactate concentration (7,8). It is
likely that in our cohort, low-flow duration was overall too
long to remain a prognostic factor. We cannot exclude that
a lack of power could explain the absence of correlation
observed between low flow and prognosis.
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Table 5 Performance of a score <2 vs. score =3 to predict a score
CPC 1 or 2 at ICU discharge

Score <2 n [%]

Sensitivity 18/18 [100]
Specificity 32/87 [37]
Positive predictive value 18/73 [25]
Negative predictive value 32/32 [100]

CPC, Cerebral Performance Category scale; ICU, intensive care unit.

Although some experts recommend avoiding eCPR
when low flow duration is longer than 60 minutes (9), we
measured in the setting of OHCA large low-flow duration
within 115 [84-140] minutes. This result might reflect the
combination of both the rural area of our region and the
absence of an ECMO mobile team. However, interestingly,
3 out of 11 OHCA patients presenting with a low flow
duration longer than 150 minutes were discharged alive
from ICU with CPC 1 or 2. Based on our results, we propose
a prognostic score based upon initial shockable rhythm and
first arterial pH. When the patients had both non-shockable
rhythm and pH <7.0, the negative predictive value for
survival with CPC 1 or 2 was 100%. Interestingly, this score
does not consider low-flow duration. This can be of interest
considering that exact assessment of low-flow duration
might be difficult, with sometimes alternance of return of
spontaneous circulation and cardiac arrest. Whereas longer
low flow duration is a risk factor for ischemia phenomenon,
we think that arterial pH is a more direct reflect of this
ischemia phenomenon. Indeed, the first pH might take into
account both the low-flow duration and the efficiency of
cardiopulmonary resuscitation. Sampled just before arterial
catheterization, it might help to identify patients in whom
eCPR is futile. The interest of a score for eCPR eligibility,
based upon analysis of the first rhythm and first pH, which
is simple, and could be calculable before ECMO insertion,
should be prospectively evaluated.

ACS

Bowel swelling due to non-occlusive mesenteric ischemia
might be responsible for hypovolemia and intra-abdominal
hypertension, both favoring a decrease of ECMO preload.
Because fluid infusion is necessary to restore ECMO
preload and blood flow, eCPR patients are at high risk of
ACS. After ensuring of the correct position of the venous
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canula into the right atrium, laparostomy might appear as
a relevant therapeutic option in order to stop this vicious
circle. However, we found that laparostomy only delay
death by a few hours at the price of massive transfusion.
Indeed, laparostomy in the setting of anti-thrombotic
treatment for acute coronary syndrome, is likely to favor
bleeding. In this work, none of the patients requiring
laparostomy for ACS survived.

Study limitations

Our study has several limitations. First, because of the
retrospective design, some important data such as TTM
are lacking. However, benefit of such intervention during
eCPR remains uncertain (17). Second, because we aimed to
assess the global effectiveness of eCPR in our institution,
we have analyzed OHCA and IHCA together, which might
be discussed as previous studies have reported a better
outcome in IHCA. However, as others, we did not find
any difference regarding to neurological outcome between
IHCA and OHCA. This might be due to a very low
number of initial shockable rhythm in the IHCA subgroup
(18%). Moreover, despite in-hospital setting, median low
flow duration was 60 [40-87] minutes, which is more than
previously reported (18-20). Third, timing for first arterial
blood gas sampling was not standardized. While it was
sampled on the extra-corporeal circuit just after ECMO
start when cannulation was performed in the operating
room, timing for arterial blood gas sampling was let to
the discretion of intensivist when eCPR was performed
in ICU. This might theoretically limit the use of arterial
pH to decide to not perform eCPR. However, it is very
unlikely that an arterial pH sampled before eCPR show
a value higher than after eCPR start. Fourth, because we
think that they are not relevant in the setting of ECMO,
we did not use criterions of ACS of the World Society
of Abdominal Compartment Syndrome to define ACS.
Indeed, because of the negative pressure generated in the
inferior vena cava, intra-abdominal hypertension below
20 mmHg might lead to insufficient ECMO preload. As
a consequence, we used more pragmatical criterions as
intra-abdominal pressure above 15 mmHg and decrease
ECMO blood-flow despite of adequate fluid expansion.
This threshold of 15 mmHg corresponds to a grade 2
intra-abdominal hypertension. While questionable, use
of such pragmatical criterions in the setting of ECMO
has been previously reported (21,22).
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Conclusions

In a mixed population of OHCA and IHCA, 18 patients
(16%) were discharged alive of ICU with CPC 1 or 2.
Despite a shorter low flow time in IHCA, there was not
any significant difference in neurological outcome between
OHCA and THCA. At the time of eCPR start, only
initial shockable rhythm and arterial pH >7.0 predicted
neurological outcome. A selection of the patients who
might benefit from eCPR, based upon initial rhythm and
arterial pH rather than on low flow time, should be further
evaluated.
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Supplementary

Table S1 Complications during ECMO treatment

Complications n [%]

Bleeding
All sites 48 [42]
ECMO vascular access 30 [27]
Need for ECMO vascular access surgical hemostasis 18 [16]
Other vascular access 12 [11]
Gastrointestinal 15[13]
Surgical site 19 [17]
Nasopharyngeal 8 [7]
Intracranial hemorrhage 6 [5]

Ischemic complications

Lower limb ischemia 11 [10]
Need for limb fasciotomy 3[3]
Stroke 15[13]

Cardiac complications

Pulmonary edema 26 [23]
Need for left ventricle venting 9 [8]
Intracardiac thrombosis 14 [12]

Gastrointestinal complications

Mesenteric ischemia 15[13]
Abdominal compartment syndrome 36 [32]
Need for decompressive laparotomy 14 [12]

Data are n (%).



