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Background: The aim of this study was to summarize the clinical experience of extracorporeal
cardiopulmonary resuscitation (ECPR) in the treatment of adult patients with refractory cardiac arrest.
Methods: The clinical data of 12 cases of adult patients with cardiac arrest hospitalized between June
2015 and September 2019 who were unable to achieve return of spontaneous circulation effectively with
conventional cardiopulmonary resuscitation (CCPR) and were treated with ECPR technology were
retrospectively analyzed. The group included six males and six females aged between 18 and 69 years. All
the patients underwent veno-arterial extracorporeal membrane oxygenation (V-A ECMO) support with the
adoption of femoral artery and vein catheterization.

Results: The duration of cardiopulmonary resuscitation (CPR) for the 12 patients was 32—-125 min, and
the ECMO duration was 2-190 h. Four patients were successfully weaned from ECMO and survived until
hospital discharge. The other eight patients died in hospital; hemodynamic collapse (four patients) in the
early stage of ECMO and severe neurological complications (three patients) were the main causes of death.
Conclusions: Single-center data showed that ECPR provided a new rescue alternative for some patients
with reversible refractory cardiac arrest. We have demonstrated that the success rate of treatment could be

improved by selecting suitable patients and reducing the CPR duration as much as possible.
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Introduction cardiopulmonary resuscitation (ECPR) derived from
Cardiac arrest caused by a variety of factors has always been extracorporeal membrane oxygenation (ECMO) has been

a serious, life-threatening emergency state. Conventional increasingly applied to patients with CCPR failure. It has been

cardiopulmonary resuscitation (CCPR) is the basic reported that ECPR could improve the survival rate and the

method used to treat cardiac arrest; however, the success neurological prognosis of patients with cardiac arrest (4-0).

rate of rescue has not been high (1-3). With the extension The aim of this study was to retrospectively analyze the

of cardiopulmonary resuscitation (CPR) duration, the
probability of achieving return of spontaneous circulation
(ROSC) is increasingly small. How to improve the rescue
success rate of patients with cardiac arrest has been a focus
of medical research. In recent years, with the development
of extracorporeal life support technology, extracorporeal
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clinical data of patients with cardiac arrest who were treated
with ECPR at Sir Run Run Shaw Hospital in recent years
to summarize the experience of the treatment of patients
with cardiac arrest. We present the following article in
accordance with the STROBE checklist (available at http://
dx.doi.org/10.21037/jtd-20-1573).
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Methods

This study included 12 adult patients with cardiac arrest
who underwent ECPR at our hospital between June 2015
and September 2019. There were six males and six females
aged 18-69 years (average 47.4x16.3 years) with body mass
of 39-71 kg (average 61.7+11.8 kg). The inclusion criteria
of ECPR patients in our center were that they did not
achieve ROSC with CPR for at least 15 min, and they did
not have any advanced malignant tumor, irreversible organ
dysfunction, or serious nervous system injuries before the
onset of the disease. The family members of the patients
were informed and agreed to ECMO rescue. Patients with
acute heart failure or failed weaning from cardiopulmonary
bypass after cardiac surgery who were treated with ECMO
but did not undergo CPR were not included in this study.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by institutional ethics board of Sir Run Run Shaw
Hospital (2020-578-01) and individual consent for this
retrospective analysis was waived.

All the patients underwent veno-arterial (V-A) ECMO
support with the adoption of femoral artery and vein
catheterization. Ten patients were treated by using skin
incision, and two patients were treated by using the
percutaneous technique. The ECMO circuit (BE-PLS
2050, Maquet, Germany) was primed with lactate Ringer’s
solution. After initiation of ECMO, the hematocrit was
maintained at >24%, platelet >5x10°/L, fibrinogen >1.0 g/L.
In the early stage of ECMO, echocardiography was fully
used to assess the cardiac function and filling extent to avoid
left ventricular hyperinflation. According to the recovery of
heart rhythm and the state of cardiac function, the perfusion
flow rate was adjusted appropriately. Combined with the
use of vasoactive drugs, the mean arterial pressure should be
maintained above 65 mmHg, and the mixed venous oxygen
saturation should be more than 65%. If this was the case,
the blood-gas and biochemical index tended to be improved.
The mechanical ventilator was set up with a protective lung
ventilation strategy: the initial tidal volume was 6-8 mL/
kg, positive end-expiratory pressure (PEEP) 5-10 cmH,O,
respiratory rate was 10-12 times/min, FiO, was 40-50%, and
distal limb perfusion of the intubated side was performed
routinely. The anticoagulation strategy adopted heparin
titrated to maintain activated clotting time (ACT) for 160-
200 s and activated partial thromboplastin time (APTT) for
50-80 s. If the groin incision still had obvious bleeding after
complete surgical hemostasis or increased drainage from
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the chest tube, the requirements of anticoagulation were
properly reduced, or could be suspended for a short time. In
the early stage of ECPR, the temperature of the patient was
controlled at 34-36 °C by the heater-cooler. The function of
the nervous system was evaluated when the vital signs were
stable. If necessary, a brain computerized tomography (CT)
examination should be performed to confirm the diagnosis.
If the hemodynamic indexes of the patients were significantly
improved after several days of ECMO support with no or
a small dose of vasoactive drugs and the echocardiography
indicated that the myocardial contraction was satisfactory,
the ECMO flow rate could be reduced gradually until
ECMO was withdrawn.

ECPR technology has only appeared and been developed
in China in recent years. It was used for the first time in
our hospital in June 2015, and there were 12 cases in total
by September 2019. This study included all the patients
who were treated with ECPR in our hospital. Data were
obtained from our hospital’s electronic medical records.

Statistical analysis

In the present study, the data were statistically analyzed
using SPSS statistical software (version 19.0, IBM, USA).
The measurement data were expressed as mean = standard
deviation (SD). Enumeration data were expressed in
percentage (%).

Results

Twelve patients treated with ECPR were included in this
study (Figure I). It was indicated that the CPR duration of
the 12 patients was 32-125 min (average 71.6+32.7 min),
and the ECMO support time was 2-190 hours (average
94.9+63.2 min) (Table 1). Eight patients were successfully
weaned from ECMO and four of these patients survived,;
the survival rate was 33.3% [4/12]. Among the eight
deceased patients, four patients who could not be weaned
from ECMO died due to hemodynamic collapse during the
early stage of the ECMO treatment. Four patients died after
weaning from ECMO; among these, three patients died due
to severe neurological complications and one patient died
due to recurrent cardiac arrest.

Among the four patients who survived and were
discharged from the hospital, one patient suffered from
compartment syndrome in the intubated side of the crus,
which resulted in partial necrosis of skin and soft tissue.
Considering the insufficiency of blood supply at the distal
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From June 2015 to September 2019, 12
patients with sudden cardiac arrest

Y

Underwent the V-A ECMO support by adopting
the femoral artery and vein catheterization
n=12

Y

Successfully weaned from ECMO
n=8

Figure 1 Study flowchart. V-A ECMO, veno-arterial

extracorporeal membrane oxygenation.

limb (no additional distal perfusion was established), the
crus was preserved after multiple debridement, skin grafting,
and other remedial treatment. However, it still resulted in
the claudication of the right lower extremity. It was strongly
suspected that the cardiac arrest of one patient was caused by
a pulmonary embolism. Therefore, the patient underwent
urgent thrombolysis with Alteplase before receiving ECMO.
During ECMO, the patient experienced gastrointestinal
bleeding and abdominal bleeding successively, and
an exploratory laparotomy was performed to achieve
hemostasis. In addition, the CPR duration of this patient
was long (120 min), and the recovery of organs, including
the nervous system, was slow. This patient recovered cardiac
function 1 year after discharge. The echocardiography
indicated that the value of left ventricular ejection fraction
(LVEF) was 0.68, but the neural responses were sluggish.
The follow-up of the other patients ranged from 3 months
to 4 years, and the cardiac and nervous system functions of
these patients recovered well.

Discussion

According to the American Heart Association’s Get With
The Guidelines®-Resuscitation (GWTG-R), among 84,625
patients with cardiac arrest hospitalized between 2000 and
2009, the survival-to-discharge rate ranged from 13.7%
to 22.3% (1). Although there is no large-scale randomized
controlled clinical study to confirm the effect of ECPR,
according to a large number of retrospective studies and
meta-analyses conducted in the past, most scholars believe
that ECPR can benefit specific populations (2,6). At present,
there are different reports on the efficacy of ECPR in the
treatment of in-hospital cardiac arrest; however, the survival
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rate in most studies is between 30% and 40% (7-11). The
survival rate of our group of patients is 33.3% (4/12), which
is in line with most of the literature reports. Regarding the
outcome of refractory cardiac arrest treated by ECPR, it
is generally accepted that the duration of low blood flow is
one of the most important factors (11-13). The low blood
flow duration refers to the period from the start of CPR to
ECMO initiation. The shorter the time, the more favorable
the prognosis will be. Generally, 60 min is a watershed, and
the recovery probability will decrease if 60 min is exceeded
(14,15). Therefore, it is critical that ECMO is quickly
established for patients with cardiac arrest, including the
assessment of indications and the rapid response of the
ECMO team. At our center, the duration from cardiac
arrest to ECMO initiation varies widely, from 32 to
125 min. The main reason is that we have not established
a 24-hour duty system and sometimes the personnel and
equipment cannot arrive in time. We had six patients with
CPR duration of more than 60 min (five deaths), which
directly affected the prognosis of our patients. We were also
learning to improve the ECPR rescue process to control the
CPR duration within 60 min.

In addition to reducing the CPR duration as much as
possible, the quality of CPR is essential (16). It has been
reported that chest compression can provide about 25% of
cardiac output (17). High-quality compression means that
important organs such as the heart and brain can obtain
more blood perfusion. A patient with cardiac arrest in
our hospital survived even though the CPR duration was
120 min. The patient might have benefited from high-
quality CPR. It is suggested that for some special patients,
although the CPR duration has exceeded the recognized
range, it has the significance of active rescue, especially for
young patients whose blood pressure can be maintained or
in whom vital signs appear during CPR, such as wheezing,
pupillary reflex, and limb movement.

Femoral artery and vein cannulation were applied to all
the patients, and groin area skin incision was used to expose
vessels to cannulate by using Seldinger technique in most of
the patients. For some patients with better conditions, such
as palpable femoral artery pulsation, accessible ultrasound
equipment, and experienced percutaneous operators, the
percutaneous method (two patients) could be used. It is
not clear whether cannulation or the percutaneous method
is better for the incision. We believe it is essential that
the CPR duration should be reduced as much as possible.
Regarding the selection of cannula size, we learned a lesson
from our first ECPR patient. Due to the lack of experience,
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the size of the cannula in the femoral artery was a little large
(Edwards 20 Fr), and no additional distal perfusion was
established. Consequently, the blood supply of the distal
limb on the intubated side was insufficient, and the skin and
soft tissue of the calves were partially necrotic. Therefore,
it could be concluded that 16 or 18 Fr is more suitable
for femoral artery cannulation; however, 22 or 24 Fr
was used for femoral vein cannulation in most of the
patients. Furthermore, the additional distal perfusion was
implemented routinely. The method is to place the vessel
sheath of 8 Fr in the distal direction of the superficial
femoral artery in the same incision and connect it with the
main femoral cannula. Moreover, the skin temperature,
color and circumference of the intubated side should
be observed regularly, and the blood flow of the lower
extremity should be monitored by ultrasound if necessary.
After the improvement of the above measures, the problem
of insufficient blood supply to the limbs on the intubated
side was resolved.

It has been reported that the initial shockable rhythm
at the first onset (17,18), the lactate level (11,16,19), and
the partial pressure of end-tidal carbon dioxide before
ECPR (20) can be regarded as prognostic indicators in
patients with cardiac arrest. Some data were not collected
completely and could not be further analyzed; however,
the lactate level was recorded in detail immediately when
running ECPR. The lactate level at the point of initiation
of ECPR of the four surviving patients and eight deceased
patients was 12.1+2.0 and 15.2+4.1 mmol/L, respectively. It
could be seen that the level of blood lactate in the survival
group was lower than that in the deceased group, which was
consistent with the literature. This indicated that patients
in the survival group possessed a relatively mild degree of
tissue ischemia and hypoxia during CPR, so the prognosis
was better, which had a certain reference significance for
whether ECPR treatment needed to be started.

It was found that bleeding was a common and serious
complication of ECPR. Various degrees of bleeding
at the cannula site occurred in these 12 patients. Two
patients experienced pulmonary contusion caused by
chest compression, with obvious complications such as
endotracheal hemorrhage and hemothorax. One patient
experienced gastrointestinal hemorrhaging first, then
abdominal hemorrhaging. An emergency operation had to be
performed, and a rupture of the diaphragm artery was found.
Therefore, the timely judgment and treatment of bleeding
during ECMO are very important to stabilize the condition.

The limitation of this study is that it was a retrospective
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analysis with a small number of patients and the lack of a
control group for comparison, and therefore the persuasion
of the data is relatively limited. It is expected that more
in-depth research in this field will be conducted with the
increase in the number of patients in the future.

Conclusions

Single-center data showed that ECPR provided a new
rescue alternative for some patients with reversible
refractory cardiac arrest. We have demonstrated that the
success rate of treatment could be improved by selecting
suitable patients and reducing CPR duration as much as
possible.
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