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Abstract 

Background The likelihood of return of spontaneous circulation with conventional advanced life support is known 
to have an exponential decline and therefore neurological outcome after 20 min in patients with a cardiac arrest 
is poor. Initiation of venoarterial ExtraCorporeal Membrane Oxygenation (ECMO) during resuscitation might improve 
outcomes if used in time and in a selected patient category. However, previous studies have failed to significantly 
reduce the time from cardiac arrest to ECMO flow to less than 60 min. We hypothesize that the initiation of Extracor‑
poreal Cardiopulmonary Resuscitation (ECPR) by a Helicopter Emergency Medical Services System (HEMS) will reduce 
the low flow time and improve outcomes in refractory Out of Hospital Cardiac Arrest (OHCA) patients.

Methods The ON‑SCENE study will use a non‑randomised stepped wedge design to implement ECPR in patients 
with witnessed OHCA between the ages of 18–50 years old, with an initial presentation of shockable rhythm or pulse‑
less electrical activity with a high suspicion of pulmonary embolism, lasting more than 20, but less than 45 min. 
Patients will be treated by the ambulance crew and HEMS with prehospital ECPR capabilities and will be compared 
with treatment by ambulance crew and HEMS without prehospital ECPR capabilities. The primary outcome measure 
will be survival at hospital discharge. The secondary outcome measure will be good neurological outcome defined 
as a cerebral performance categories scale score of 1 or 2 at 6 and 12 months.

Discussion The ON‑SCENE study focuses on initiating ECPR at the scene of OHCA using HEMS. The current in‑
hospital ECPR for OHCA obstacles encompassing low survival rates in refractory arrests, extended low‑flow dura‑
tions during transportation, and the critical time sensitivity of initiating ECPR, which could potentially be addressed 
through the implementation of the HEMS system. When successful, implementing on‑scene ECPR could significantly 
enhance survival rates and minimize neurological impairment.

Trial registration Clinicaltyrials.gov under NCT04620070, registration date 3 November 2020.

Keywords Out‑of‑hospital cardiac arrest, Extracorporeal membrane oxygenation, Cardiopulmonary resuscitation, 
Advanced cardiac life support
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Background
Of the patients who survive an Out-of-Hospital-Cardiac-
Arrest (OHCA), approximately 90% achieves return 
of spontaneous circulation (ROSC) within 15  min [1]. 
In case of refractory arrest, often defined as ROSC not 
obtained within 20 min, favourable neurological outcome 
is uncommon (OR 0.03) [1–3]. Currently, patients failing 
to reach ROSC are either declared deceased on-site or 
transported to the hospital for further treatment, includ-
ing potential Extracorporeal Cardiopulmonary Resus-
citation (ECPR) eligibility. The application of ECPR is a 
rapidly growing, and although ECPR could be an effective 
treatment, its success relies heavily on being initiated in 
time [4].

Multiple studies have demonstrated that in patients 
receiving ECPR for refractory OHCA, a cardiopulmonary 
resuscitation duration of less than 40  min was strongly 
associated with better survival with minimal neurologi-
cal impairment [5–8]. Suboptimal thoracic compression 
during transportation further reduces survival probabil-
ity, leading to prolonged low-flow times [9], especially if 
the cardiac arrest occurs far from an ECPR centre (Fig. 1).

Initiating ECPR at the cardiac arrest scene could poten-
tially overcome both problems by reducing the duration 
of the low-flow state and limiting thoracic compression 
during transport. Performing ECPR at the scene will 
enlarge the potential patient pool to include individuals 
who might not meet the criteria for in-hospital rescue 

Fig. 1 The 10 ECPR centres with their 30 min radius
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therapy due to the prolonged period of low flow caused 
by transportation delay. With the use of the Helicopter 
Emergency Medical Services (HEMS), the geographic 
range can be extended while maintaining a short low-
flow time. This perspective is the cornerstone of the ON-
SCENE study.

In the Netherlands, HEMS teams consist of an anaes-
thesiologist or trauma surgeon, an emergency or ambu-
lance registered nurse, and a pilot. Their primary goal is 
to provide specialized medical care to trauma and non-
trauma patients throughout the country with an arrival at 
scene after approximately 11 min. Dispatching the HEMS 
simultaneously with the first responders after OHCA, 
could potentially shorten time between collaps and ini-
tiation of ECMO bloodflow which in turn could signifi-
cantly improve the chance of survival compared to either 
conventional resuscitation without ECPR and ECPR ini-
tiated in-hospital [10].

We therefore designed and set up the ON-SCENE study 
to investigate the effect of equipping the HEMS with pre-
hospital ECPR facility on hospital survival. In this HEMS 
setting, a nationwide coverage for prehospital ECPR in a 
timely manner would be achieved. The hypothesis of this 
study is that implementing nationwide on scene ECPR in 
patients with OHCA results in shorter low-flow time in 
comparison to regular care, which leads to improved sur-
vival rates and less neurological impairment. Despite the 
increased costs for delivering ECPR on scene, it is likely 
to be cost-effective.

Methods
Trial design
This is a nationwide multicentre, prospective, inter-
ventional, non-randomised stepped wedge study that 
evaluates the effect of prehospital ECPR in patients with 
witnessed OHCA between the age of 18 and 50  years 
old versus conventional HEMS care without ECPR. The 

study started end of 2021 and is scheduled to finish by 
the end of 2025.

Eligibility criteria
Patients with a witnessed OHCA between the age of 18 
and 50 years old and an initial presentation of ventricu-
lar fibrillation/pulseless ventricular tachycardia, as well 
as pulseless electrical activity with a high suspicion of 
pulmonary embolism are eligible for inclusion. Detailed 
inclusion and exclusion criteria are listed in Table 1. The 
eligibility criteria aim to identify patients with a cardiac 
arrest that have treatable underlying causes.

Witnessed arrest is defined as patients who have been 
last seen well less than 5  min before or show signs of 
life, meaning extremity movements, normal pupillary 
reflexes, or gasping during CPR. Whenever the exact age 
is unknown at the time of care, it is estimated by HEMS. 
If the patient later on found to be outside the inclusion 
range of age after cannulation, they will not be excluded.

The time of start of arrest to expected time of arrival at 
the hospital should be longer that 30  min to be eligible 
to prehospital ECPR. Furthermore, it should be assumed 
that the ECPR team would be ready on the ER when the 
patient arrives. If this is not expected, patient will then 
receive prehospital ECPR. Only very few patients are so 
close to the hospital that start of arrest to expected time 
of arrival hospital is less than 30 min.

Allocation of patient
There are four HEMS stations serving the Netherlands, 
situated in Groningen, Rotterdam, Amsterdam, and 
Nijmegen (Fig. 2) which cover the majority of the coun-
try. Before this study, HEMS crews are not routinely 
involved in adult OHCA cases. In this study, HEMS will 
be dispatched simultaneously with the emergency medi-
cal services to every witnessed OHCA involving patients 
suspected to be between the ages of 18 and 50 years. As 

Table 1 Inclusion and exclusion criteria

(p)VT (pulseless) Ventricular Tachycardia, VF Ventricular Fibrillation, PE Pulmonary Embolism, ROSC Return of Spontaneous Circulation, ECPR Extracorporeal 
Cardiopulmonary Resuscitation, CPR Cardiopulmonary Resuscitation, kPa Kilopascal

Inclusion criteria Exclusion criteria

Witnessed out of hospital cardiac arrest ROSC ≤ 20 min

 ≥ 18 ≤ 50 years (known or estimated) Expected time from collapse to arrival at an ECPR centre with a direct available ECPR team is less than 
30 min.

Initial rhythm of (p)VT /VF or suspected PE EtCO2 et < 1.2 kPa (10 mmHg) during CPR

Refractory cardiac arrest ≥ 20 min ≤ 45 min No clear ultrasound visualisation of either the femoral artery or the femoral vein.

Following initial inclusion, the following patients will be eliminated as soon as the following details 
are made available
Active malignancy

Cerebral vascular accident < 6 weeks

Patients with a “do not resuscitate” order, which was not known at time of the arrest
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ECPR will not be offered in a regional manner (as it is 
typical nowadays) but on a national level, we were cau-
tious not to overwhelm the system. To limit the number 
of ECPR cases, we exclude patients older than 50 years. 
A computer-aided system will assist the dispatcher in the 
central dispatch centre to determining patient eligibility. 
In the intervention group, the HEMS will be equipped 
with ECPR equipment. In the control group, HEMS will 
also be deployed, but without ECPR equipment. This is 
done to prevent a second treatment effect in the ECPR 
group, being the assistance of the HEMS team on scene.

After start of the study some large dispatch centres 
still seemed not ready to dispatch the HEMS because of 
legal uncertainties. Therefore, just after start of the study, 
an amendation to extend the study period was filed. To 
prevent protocol violation, dispatch centres who weren’t 
ready at the start of the study were excluded until being 
completely ready to comply with the study protocol.

Training of HEMS personnel
Training is key for all high-stakes procedures, especially 
under time constraints. Given that the capacity to train 
all HEMS teams at the same time is limited, a stepped-
wedge design was chosen (Fig. 3) [11, 12].

This design also prevents cross-over to the interven-
tion arm in young patients who fail to achieve return of 
spontaneous circulation, thereby improving the study’s 
quality.

To train the HEMS personnel, a mobile high-fidelity 
ECMO training simulation centre that offers team-based 
training in ECPR cannulation and management will be 
used. This training program is used for years to train tho-
racic intensivist for achieving a 24/7 in-hospital ECPR 
service.

Each HEMS crew member will undergo a com-
prehensive training program led by a minimum of 
three trainers for every six members, consisting of 

Fig. 2 HEMS Region with their 20 min geographic radius. HEMS: Helicopter Emergency Medical Services
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theoretical and practical elements. The training will 
include a-4 h E-learning sessions followed by a 6-h ple-
nary sessions. The practical component of the training 
will include a 2  day training period involving hands-
on experience, with each crew member performing 
at least 10 cannulations on a specially designed man-
nequin. These cannulations will be executed in high-
fidelity simulations, gradually increasing in complexity 
and incorporating challenging scenarios that simulate 
uncomfortable positions and environments mirroring 
real-life situations. The initial training is signed off by 
a mannequin cannulation in a challenging condition, 
without errors and in a timely manner. After comple-
tion, HEMS stations will be equipped with ECPR facil-
ities. Continuous training will follow for 6 months on 
a weekly basis, then ongoing sessions every 3 months. 
Beyond cannulation, training will encompass ECMO 
management and troubleshooting, facilitated by expe-
rienced perfusionists and ECMO intensivists, using 
real in-hospital patient to enhance skills and maintain 
proficiency.

To provide ongoing support to HEMS crew during 
and after cannulation, a 24-h telemedicine system is 
established. Immediately after cannulation and before 
transport, a mandatory live videocall is made with 
ECMO physicians and perfusionists.

Treatment in the intervention group, prehospital ECPR
In the intervention group, HEMS personnel will initiate 
ECMO cannulation after 20  min of refractory cardiac 
arrest. The decision to proceed with the cannulation is 
made solely by the HEMS physician on the basis of the 
available information regarding the inclusion and exclu-
sion criteria. Since the time it takes for ECMO initiation 
significantly impacts outcomes, HEMS will collect both 
the arrival time at the patient location and the time of 
ECMO flow.

Vascular access will be ascertained through an ultra-
sound guided puncture of the femoral artery and vein. 
Insertions of an 25 French venous cannula and a 17 
French arterial cannula is performed followed through 
a Seldinger procedure using an Amplatz Super Stiff™ 
(with J-tip) guidewire. If they estimated weight is below 
50 kg, an 21 French venous and 15 French arterial can-
nula is inserted(Getinge, Germany). The ECMO machine 
will then be connected to the cannulas to restore blood 
flow mechanically, after which chest compressions can 
be stopped. Target ECMO flow will be between 3 and 4 
L per minute and a mean arterial pressure (MAP) of at 
least 75 mmHg measured with an invasive femoral arte-
rial line placed in the other groin. Arterial blood pressure 
will be measured using a disposable Compass pressure 
device (Centurion Medical Products, USA). The ECMO 

Fig. 3 Schematic timetable of the stepped‑wedge study design. ECPR experienced personnel and non‑ECPR experienced personnel). HEMS: 
Helicopter Emergency Medical Service. CCPR: HEMS operating without ECMO: Conventional CardioPuImonary Resuscitation. ECPR: HEMS operating 
with ECMO: Extra‑Corporeal CardioPulmonary Resuscitation Training: Timing training of HEMS personnel
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oxygen fraction will initially be set at 0.6 with a standard 
sweepflow of 2L/min. Ventilation will be maintained at a 
tidal volume of 4 ml /kg of ideal bodyweight and a res-
piratory rate of 6 per minute to prevent a rapid decrease 
in PaCO2. Saturation levels will be measured on the right 
hand to detect a possible harlequin syndrome. The can-
nulas will be fixated, and the patient will be transported 
by ambulance to the nearest hospital providing ECMO 
care. Standard post-resuscitation care will be provided in 
the hospital.

Treatment in control group, conventional CPR
The control group will receive standard advanced life 
support. In contrast to the current situation, the HEMS 
team will also be dispatched in addition to the standard 
dispatch of two ambulance crews. If possible, eligible 
patients in the control group will still be transported to a 
hospital with ECPR capabilities.

Post resuscitation care
Upon admission, all patients will be transferred to the 
hospital’s ICU department and treated per accepted 
guidelines. During the first 24  h, the targeted tempera-
ture range will be maintained between 33 and 36 degrees 
Celsius. In addition, patients will undergo coronary angi-
ography as soon as possible according to national guide-
lines if indicated.

The nationwide approach will ensure uniformity in 
care cessation protocols across all participating hospitals. 
Prognostic evaluation of post-anoxic coma and termina-
tion of care will be performed according to the national 
guideline, which are based on the European Resuscita-
tion Council (ERC) and European Society of Intensive 
Care Medicine Guidelines [13, 14]. After 24  h, coma-
tose patients without significant sedation can be with-
drawn from life sustaining therapy if one of the criteria as 
described in Table 2 is met. Both the ECPR group and the 
control group will be evaluated on identical criteria.

Devices used
At each HEMS station, a helicopter and ground vehicle 
are both equipped with a CardioHelp device (Getinge, 

Germany) for ECPR. If the weather conditions do not 
permit flying or the incident is close to the HEMS sta-
tion, dispatch is performed by car. The same device will 
be used in post-resuscitation care.

Outcome
Primary outcome measure
The primary outcome measure is survival at hospital 
discharge.

Secondary outcome measure
Secondary outcome measures are good favourable neu-
rological outcome, quality-adjusted life years and health 
care costs.

Good neurological outcome is defined as a CPC (Cer-
ebral Performance Categories Scale) score of 1 or 2 at 
6 and 12  months. Quality-adjusted life year (QALY) is 
calculated at 6 and 12 months after discharge using the 
EQ-5D-5L tool [15]. Costs are calculated based on the 
use of disposables, depreciation of the ECMO machines, 
flight time of the helicopter and costs of institutionalisa-
tion. Healthcare costs will be calculated using the iMTA 
Medical Consumption Questionnaire (iMCQ) [16] and 
the iMTA Productivity Cost Questionnaire (iPCQ) [17]. 
Costs are calculated in the first 6 and 12  months after 
cardiac arrest.

Other data collected
In addition to the outcome measures, the following data 
will be collected:

Baseline variables like gender, age, comorbidity.
ALS-related variables: first observed rhythm, end-
tidal  CO2 before cannulation, motor score before 
cannulation, signs of life, total mg of adrenaline use, 
use of mechanical CPR.
ECPR-related variables: duration of low-flow state, 
MAP before transport to hospital, ECMO blood flow 
before transport to hospital, any complication due to 
ECPR.
In hospital-related variables: Systolic and diastolic 
blood pressure at and after 12 h arrival of emergency 
department, lactate at and after 12  h arrival of ED, 
use and type of unloading device, number of days at 
ECMO and ventilator.

Ethical considerations
The study is approved by the Medical Research Ethics 
Committee of the Erasmus MC and other participating 
ECMO centres. This study is registered at clinicaltrials.
gov under NCT04620070, registration date 3 November 
2020.

Table 2 Criteria to withdraw from life sustaining therapy after 
24 h in comatose patients

Dilated, non‑reactive pupils after 24 h OR

Bilateral absent N20 response on the somato‑sensory evoked potentials 
OR

EEG showing highly malignant patterns after 24 h (low voltage (< 20uV) 
OR

Identical bursts suppression pattern OR

Generalized periodic discharges on an iso‑electric ground pattern OR
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Patients will be screened for inclusion after arrival of 
the HEMS team. The patients eligible for this study are 
unconscious. The study intervention is an emergency 
intervention that must be applied (or not) without delay 
and fulfils the ethical requirement of clinical equipoise. 
Eligible patients have a high risk of dying, and their legal 
representatives may be in a disturbed mental state, mak-
ing an immediate informed decision impossible. If the 
patient’s consciousness recovers, or if the legal repre-
sentative remains unable to communicate, the investiga-
tor or supervising doctor will inform the patient or seek 
deferred proxy consent for the use of study data.

Statistical consideration
Sample size
In the intervention group, the assumption is that ECPR, 
being initiated within 35 min after onset of cardiac arrest, 
thereby would result in a hospital survival of 35%. Due 
to an anticipated learning curve for the HEMS crews, a 
longer time to cannulation can be expected. The estima-
tion is that this will cause a decrease of survival to 30% in 
the first 3 months.

In the control group, we assume that 30% of the 
patients with refractory arrest are transported to the hos-
pital to receive ECPR and that 70% is not transported to 
an ECPR facility during cardiac arrest. Assumed hospi-
tal survival with ECPR in the hospital is 26% (data from 
Erasmus MC, Rotterdam the Netherlands) and 16% if the 
patient is not transported to an ECPR facility.

With the different scenarios described above, sam-
ple size was calculated using a simulation approach (R 
package contrast). Anticipating a possible loss of power 
caused by the stepped wedge design, 175 patients will be 
included in each study arm to detect the survival differ-
ence in mentioned above with 90% power and alpha 0.05. 
In total 390 patients will be included.

By extrapolating from the Amsterdam ‘ARREST’ data-
base, we estimate that 450 patients in a year of below 
50  years will have a witnessed OHCA. Assuming that 
25% will fulfil the inclusion criteria, we expect that a 
maximum of 100 patients a year are eligible for the study. 
Therefore we assume that a period of 3.5 years should be 
sufficient to reach the needed number of patients for our 
study.

Statistical analysis
Primary and secondary
The primary outcome measure, hospital survival, will 
be analysed by descriptive statistics per group and per-
centage of total. Differences in hospital survival between 
groups (intervention and control group) will be tested 
using univariate analysis (intention to treat) by means of 
a Chi-square test.

As a result of the cluster effect, the primary analysis 
using unadjusted Chi-square test might be biased. To 
asses for this and other cofounders a secondary, multi-
variable analysis will be performed using Generalized 
Estimating Equations (GEE). Survival will be a depend-
ent variable, prehospital ECPR will be included as covari-
ate. No prehospital ECPR will be the reference category. 
Baseline and EMS/dispatch related variables that may 
potentially confound the association between prehos-
pital ECPR and outcome will be included in this model 
as covariate. Known potential confounders include age, 
gender, time to ambulance arrival on scene, low-flow 
time, known medical cardiovascular conditions having 
an increased risk of sudden cardiac arrest. If these vari-
ables produce a p-value < 0.2 in a univariate comparison 
between the two groups, they will be included in the 
regression model.

Secondary outcome like survival with good neurologi-
cal outcome (defined as CPC 1–2) at 6 and 12  months 
will be analysed using a logistic mixed regression analysis 
for between the two groups.

Subgroup
A subgroup analysis will be performed dividing the con-
trol groups: one group who received no ECPR and one 
group who received ECPR after transportation to the 
hospital. Both therapies in the control group will be 
compared (using GEE) with the intervention group: pre-
hospital ECPR. Modelling strategy will be the same as 
described for the primary analysis.

Other a priori defined analytic subgroups are initial 
cardiac rhythm (shockable vs non-shockable), time to 
start ECMO flow (< 40 min vs ≥ 40 min) and presence of 
signs of life during CPR (yes vs no).

Also, historical comparison will be made. Before the 
ON-SCENE study, dispatch centres were not used to 
activate the HEMS in an adult cardiac arrest. From the 
Dutch ARREST database, sequential OHCA patients will 
be selected who fulfil the ON-SCENE Study inclusion cri-
teria in the timeslot before start of the ON-SCENE study. 
Patients in which HEMS were activated will be excluded. 
Hospital mortality will be the primary outcome and sec-
ondary the CPC score after 6 and 12 months.

Discussion
This manuscript describes the design of the ON-SCENE 
study, being a nationwide HEMS based initiation of 
ECPR on the site of cardiac arrest. This study will address 
the question whether HEMS equipped with prehospital 
ECPR facility will improve outcomes for cardiac arrest 
patients.

OHCA continues to impose a significant social and 
economic health burden on society [18]. While survival 
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of OHCA patients increased tremendously from 13.7% in 
2000 to 22.3% in 2009 [19], with bystander CPR and AED 
use being the most important improving factors [20, 21], 
survival rates have plateaued since then [22].

Multiple studies have shown a strong relation between 
low-flow time and survival [3, 23, 24]. ECPR is proposed 
as a way to further improve survival rates by means of 
shortening the low-flow time in patients with refractory 
cardiac arrest. A meta-analysis analyses and multiple 
observation studies indicate that ECPR does indeed sig-
nificantly improve outcomes [23, 25, 26] and may be con-
sidered according to the ERC Guidelines [27]. However 
ECPR can only have a meaningful impact if the low-flow 
time remains short.

The first randomized ECPR trial was the ARREST trial, 
which randomised OHCA patients to ECPR or standard 
care and found that the ECPR group had a 43% discharge 
survival rate compared to 7% in the standard group [28]. 
However, the trial was prematurely stopped after only 30 
patients were included because the predefined criteria of 
superiority were met. The small sample size makes the 
external validation of the study difficult to interpret.

The second trial, the Prague OHCA study, a single-cen-
tre trial with 256 adult patients facing refractory OHCA 
presumed to be cardiac in origin, explored two strategies: 
an invasive approach (N = 124) and a standard strategy 
(N = 132) maintaining on-scene ACLS [29]. The primary 
outcome was survival with a good neurologic outcome at 
180 days. While the primary outcome of 180-day survival 
with good neurological function showed no significant 
difference between the groups (31.5% vs 22.0%; P = 0.09), 
a secondary analysis revealed the effectiveness of ECPR 
for resuscitated patients at hospital arrival [30]. Factors 
contributing to less favorable outcomes included the 
presence of non-shockable rhythms in 39.1% of patients, 
known been a poorer prognosis compared to shockable 
rhythms [31–34]. This observation was also reinforced 
by a post-hoc analysis within the same study group [35]. 
Consequently, the emphasis on patients with initial 
shockable rhythms becomes argumentative.

The latest multicentre RCT trial, INCEPTION, ran-
domized witnessed OHCA patients with shockable 
rhythms to either standard ACLS or ECPR upon arrival 
at ten ECPR centres in the Netherlands [36]. Results 
showed no significant difference in survival with a favour-
able neurological outcome (CPC score of 1 or 2) among 
the 160 patients (20.0% vs 16.0%; P = 0.518). The time 
from cardiac arrest to ECMO flow, averaging 74 min, was 
notably longer than the 59-min average in the ARREST 
trial, which demonstrated a positive effect of ECPR. The 
ON-SCENE study aims to reduce this low flow time and 
enhancing outcomes for these patients by introducing 
ECPR at the cardiac arrest site.

The Netherlands is an excellent region to test the effi-
cacy of pre-hospital ECPR, it has a homogenous and 
well-organised pre-hospital and post-cardiac arrest care 
system. AEDs and bystander CPR systems are widely 
available and are activated by a layman system. This 
resulted in a 100% coverage of initiating of CPR within 
6 min after activation [37]. These factors make it possible 
to implement the concept of ECPR within this developed 
health system and evaluate its potential impact on post-
cardiac arrest care. It is the perfect opportunity to inves-
tigate the added value of ECPR.

Current status of trial
https:// onsce netri al. com/
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