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Abstract

Background The impact of the chronological sequence of events, including cardiac arrest (CA), initial
cardiopulmonary resuscitation (CPR), return of spontaneous circulation (ROSC), and extracorporeal cardiopulmonary
resuscitation (ECPR) implementation, on clinical outcomes in patients with both out-of-hospital cardiac arrest
(OHCA) and in-hospital cardiac arrest (IHCA), is still not clear. The aim of this study was to investigate the prognostic
effects of the time interval from collapse to start of CPR (no-flow time, NFT) and the time interval from start of CPR
to implementation of ECPR (low-flow time, LFT) on patient outcomes under Extracorporeal Membrane Oxygenation
(ECMO).

Methods This single-center, retrospective observational study was conducted on 48 patients with OHCA or IHCA
who underwent ECMO at Hamad General Hospital (HGH), the tertiary governmental hospital of Qatar, between
February 2016 and March 2020. We investigated the impact of prognostic factors such as NFT and LFT on various
clinical outcomes following cardiac arrest, including 24-hour survival, 28-day survival, CPR duration, ECMO length of
stay (LOS), ICU LOS, hospital LOS, disability (assessed using the modified Rankin Scale, mRS), and neurological status
(evaluated based on the Cerebral Performance Category, CPC) at 28 days after the CA.
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after 28 days of cardiac arrest.

their interventions accordingly.

Results The results of the adjusted logistic regression analysis showed that a longer NFT was associated with
unfavorable clinical outcomes. These outcomes included longer CPR duration (OR: 1.779, 95%Cl: 1.218-2.605,
P=0.034) and decreased survival rates for ECMO at 24 h (OR: 0.561, 95%Cl: 0.183-0.903, P=0.009) and 28 days

(OR: 0.498, 95%Cl: 0.106-0.802, P=0.011). Additionally, a longer LFT was found to be associated only with a higher
probability of prolonged CPR (OR: 1.818, 95%Cl: 1.332-3.312, P=0.006). However, there was no statistically significant
connection between either the NFT or the LFT and the improvement of disability or neurologically favorable survival

Conclusions Based on our findings, it has been determined that the NFT is a more effective predictor than the LFT
in assessing clinical outcomes for patients with OHCA or IHCA who underwent ECMO. This understanding of their
distinct predictive abilities enables medical professionals to identify high-risk patients more accurately and customize

Keywords Cardiac arrest, Cardiopulmonary resuscitation, Extracorporeal circulation, Extracorporeal membrane
oxygenation out-of-hospital cardiac arrest, In-hospital cardiac arrest, Prognosis

Background

Cardiac arrest (CA) is a life-threatening condition char-
acterized by the sudden cessation of effective heart func-
tion, leading to an interruption in blood flow and oxygen
supply to vital organs [1]. Despite advances in medical
science and resuscitation techniques, CA remains a sig-
nificant global public health concern with high mortality
rates [2]. The survival rate with favorable neurological
outcome for out-of-hospital cardiac arrest (OHCA)
ranges from 5 to 10% [3, 4]. In-hospital cardiac arrest
(IHCA) has a slightly better prognosis, with survival rates
ranging from 15 to 25% [1, 5]. However, it is crucial to
emphasize the importance of treating these patients as
soon as possible. Delaying the initiation of resuscitation
decreases the chances of survival and increases the risk of
neurological damage [6, 7].

Prompt initiation of cardiopulmonary resuscita-
tion (CPR) is vital for maintaining tissue perfusion and
increasing the chances of successful resuscitation [8, 9].
Every minute of delay in providing CPR and defibril-
lation correlates with a 7-10% decrease in survival [10,
11]. However, in some cases, conventional CPR (C-CPR)
may not be sufficient in achieving a sustained return of
spontaneous circulation (ROSC), and extracorporeal car-
diopulmonary resuscitation (ECPR) may be necessary
[12, 13]. ECPR involves the use of extracorporeal mem-
brane oxygenation (ECMO) to provide circulatory and
respiratory support, and it has been shown to improve
survival rates and neurological outcomes in patients with
refractory CA [14, 15]. However, the optimal timing and
duration of CPR before transitioning to extracorporeal
cardiopulmonary resuscitation (ECPR) are still areas of
active research and debate.

Evidence indicates that the duration of total collapse,
which refers to the time from CA to the ROSC as well
as to the ECPR implementation in patients experiencing
refractory CA, plays a crucial role in predicting patient
outcomes for both OHCA and IHCA [16-20]. The total

collapse duration encompasses two components: the
time from collapse to the initiation of CPR, known as
the “no-flow time” (NFT), and the time from CPR to
ROSC referred to as the “low-flow time” (LFT) [21]. A
meta-analysis has demonstrated that a shorter LFT is
independently associated with more favorable neuro-
logical outcomes in individuals who undergo ECPR [22].
Furthermore, a study suggested that NFT and LFT inter-
act and influence clinical outcomes in OHCA patients
[23]. However, the precise impact of NFT and LFT on
clinical outcomes, particularly neurological outcomes,
remains unclear for CA patients who receive ECPR. Mul-
tiple studies have examined the prognostic significance
of NFT and LFT in ECPR recipients, but their findings
have been inconsistent. While some studies have found
that shorter NFT and LFT are linked to better outcomes,
others have reported no significant association [24, 25].

Thus, to address this issue, we conducted this study
to investigate the prognostic effects of NFT and LFT on
ECMO patient outcomes. Our hypothesized that shorter
NFT and LFT intervals would be associated with bet-
ter outcomes in patients who received ECPR. Our study
adds to the existing literature on the prognostic impact of
NET and LFT on ECPR outcomes and may help inform
clinical decision-making in the management of patients
with refractory CA.

Methods

Study design and ethical approval

This single-center, retrospective observational study was
conducted at Hamad General Hospital (HGH), the ter-
tiary governmental hospital of Qatar, between February
2016 and March 2020. The aim of the study was to evalu-
ate the impact of two-time intervals on the outcomes of
patients with both OHCA and THCA who underwent
ECPR. The study adhered to the principles of the Dec-
laration of Helsinki [26], and received approval from
the Clinical Investigation Ethics Committee of Hamad
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General Hospital Institutional Review Board (MRC-01-
21-934). Informed consent was obtained from all patients
or their legal guardians. The study findings were reported
in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guide-
lines [27].

Study population

All adult patients (=18 years) who experienced a cardiac
arrest at HGH or outside the hospital and were subse-
quently transferred to this hospital were eligible to enroll
in this study if they met all inclusion criteria. The enroll-
ment criteria for participants in this study included: (a)
Cardiac arrest patients aged 18 years or older, regard-
less of whether the cardiac arrest occurred in-hospital
or out-of-hospital; (b) Cardiac arrest patients in whom
return of spontaneous circulation (ROSC) could not be
achieved by conventional CPR (sustained ROSC was
defined as the absence of additional chest compressions
for at least 20 min); (c) Patients who received ECMO for
refractory out-of-hospital cardiac arrest (OHCA) and in-
hospital cardiac arrest (IHCA), including veno-venous
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ECMO (VV-ECMO) or veno-arterial ECMO (VA-
ECMO), for at least24 hours; (d) Collapse witnessed by
a bystander or reliable report of estimated collapse time.
However, patients who met at least one of the exclusion
criteria were not included in the present analysis. These
exclusion criteria included: (a) patients aged 75 years
or older; (b) patients with ongoing intracranial hemor-
rhage; (c) patients with terminal malignancy; (d) patients
who required constant support; (e) patients with cardiac
tamponade caused by aortic dissection; and (f) those
with evidence of severe brain damage. The flow diagram
depicting the study population is presented in Fig. 1.

Procedure for ECMO

A specialized team of medical professionals, including
a cardiac anesthesiologist, a cardiac surgeon, a perfu-
sionist, and a nurse from the cardiac surgical ICU, pro-
vided treatment to all patients experiencing IHCA or
OHCA. The team followed the American Heart Asso-
ciation (AHA) 2016-2020 CPR guidelines [28]. Patients
were selected for ECMO based on the assessment of the
resuscitation medical team, taking into consideration

All patients with cardiac arrest (CA) at HGH or outside the hospital and were subsequently
transferred to this hospital, duration from February 2016 to March 2020

(n=1065)
OHCA , THCA
(0=732) Locactfn of (1=333)

A4

Excluded OHCA (n=696) due to
- Age <18 or >75 years (n=105)

- Sustained ROSC achieved by conventional
CPR (n=105)

- Collapse without witnessed by a bystander
(n=54)

- Patients with interactional hemorrhage (n=68)
- Patients with terminal malignancy (n=88)
- Patients with severe brain damage (n=66)

- patients was not eligible for ECMO (n=117)

- Patients underwent ECMO less than 24 hours

Excluded IHCA (n=322) due to
- Age <18 or >75 years (n=95)

- Sustained ROSC achieved by conventional
CPR (n=90)

- Collapse without witnessed by a bystander
(0=0)

- Patients with interactional hemorrhage (n=46)
- Patients with terminal malignancy (n=28)
- Patients with severe brain damage (n=0)
- patients was not eligible for ECMO (n=25)

- Patients underwent ECMO less than 24 hours

(n=93) (n=38)
v v
Included OHCA Included IHCA
(n=37) (n=11)

Fig. 1 Flow diagram of the study population. Abbreviations: OHCA; out-of-hospital cardiac arrest, IHCA, in-hospital cardiac arrest, ECMO; extracorporeal

membrane oxygenation
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various criteria such as: (a) presence of witnessed arrest,
(b) initial findings from the electrocardiogram (ECQ)
(the initial findings from the ECG in ECMO are impor-
tant for diagnosis, helping identify pre-existing cardiac
conditions and guiding the decision to initiate ECMO.
Additionally, the initial ECG serves as a baseline assess-
ment, allowing clinicians to monitor changes in the
heart’s electrical activity and detect any new abnor-
malities throughout the ECMO course), (c) identifica-
tion of a reversible cause of cardiac arrest, (d) hospital
arrival within <45 min for out-of-hospital cardiac arrest
(OHCA) patients, and (e) administration of bystander
CPR [29, 30]. The process of ECMO initiation for the
patients followed a specific protocol. Cannulation was
promptly performed at the patient’s current location. In
the case of patients with OHCA, the ECMO team would
wait for their arrival at the emergency room, where the
necessary equipment for vessel cannulation had been
prepared in advance. However, for patients with ITHCA,
the resuscitation team was present at their bedside.
During cannulations, either the cardiac anesthesiolo-
gist or the cardiac surgeon performed the procedure,
while the perfusionist assembled the circuit and primed
it with Ringer’s lactate solution. After placing the arte-
rial cannula, a heparin bolus of 50 units per kilogram is
promptly administered to the patient. Continuous intra-
venous infusion of heparin is then maintained to achieve
and sustain an activated clotting time of 160—180 s. Once
ECMO was initiated, the patient would be transferred to
the catheter laboratory if cardiac causes were suspected,
or to the cardiac surgery operating room. Adjustments
to the ECMO blood flow would be made to maintain a
cardiac index of 2.6 L per minute per square meter or
higher, with the goal of achieving an inlet venous satu-
ration above 70%. To provide brain protection following
cardiac arrest, all patients received hypothermic treat-
ment (32—34 °C) within the first 24 h whenever possible.
The Cardiohelp ©system (Maquet, Rastatt, Germany)
was utilized for the treatment of all patients. The pre-
ferred technique involved percutaneous cannulation
using the Seldinger technique through the femoral vein
and femoral artery (cannula sizes: Access Cannula: 21-23
FR, Return Cannula: 15-17 FR, Reperfusion Cannula:
7-8 FR). In cases where peripheral cannulation was not
feasible, central cannulation took place in the cardiac sur-
gery operating room, involving access through the right
atrium and ascending aorta (cannula sizes: DLP 20-22 Fr
and 51 Fr, Medtronic Inc., Minneapolis, MN, USA). The
dimensions of the catheters were selected based on the
patient’s body size. To further enhance the system, the
tubing, pump, and oxygenator were coated with Bioline®
coating.
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Data collection

Data on IHCA and OHCA were collected by trained
observers during both day and night shifts. For IHCA,
the observers accompanied the cardiac arrest team but
were not directly involved in the treatment. Prehospi-
tal data for OHCA was collected by emergency medical
services (EMS). In addition, observers working with the
cardiac arrest team gathered data on in-hospital resusci-
tation procedures and treatments.

Demographic and clinical information for patients was
obtained from their medical records. This information
included details such as age, gender, nationality, body
mass index (BMI), presence of comorbidities, severity of
illness (based on Acute Physiology and Chronic Health
Evaluation [APACHE-II] [31] and Sequential Organ Fail-
ure Assessment [SOFA] [32] scores), location of cardiac
arrest (out-of-hospital or in-hospital), and the cause of
cardiac arrest (e.g., ischemic heart disease, pulmonary
embolism, or other factors).

For OHCA, data on prehospital characteristics
included the time of collapse, presence of witnesses,
bystander CPR, initial shockable rhythm, time inter-
vals between collapse and the start of CPR, duration of
CPR, and time intervals between CPR and the initiation
of ECPR. As for IHCA patients, the attending physician
utilized a standardized data collection form to docu-
ment the resuscitation process. Investigators who were
not directly involved in the patients’ care gathered out-
comes related to ECMO (such as ECMO type, length of
stay, and survival), along with the length of stay in the
intensive care unit (ICU) and hospital, disability status at
28 days (based on the Modified Rankin Scale), neurologi-
cal status at 28 days (based on the Cerebral Performance
Category), as well as survival at 24 h and 28 days.

Definition and research instruments

A shockable rhythm refers to ventricular fibrillation or
pulseless ventricular tachycardia [33, 34]. The no-flow
time (NFT) represents the interval from collapse to the
initiation of the resuscitation process, typically through
CPR [21, 35]. additionally, the low-flow time (LFT) rep-
resents the duration from the start of CPR to the imple-
mentation of extracorporeal CPR (ECPR) [21, 36].

To assess disability and neurological status 28 days
after cardiac arrest (CA), two scales were employed. The
Modified Rankin Scale (mRS) [37], which consists of
seven grades ranging from O to 6, was used to evaluate
overall outcome and functional status. Grade 0 signifies
no symptoms, grade 1 indicates no significant disability
but potentially minor symptoms, grade 2 reflects slight
disability with limitations in certain activities, grade 3
represents moderate disability with assistance required
for some activities but independent walking capability,
grade 4 implies moderately severe disability requiring
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supervision and assistance for most activities, grade 5
denotes severe disability necessitating constant assis-
tance and care due to substantial functional impairment,
and grade 6 signifies death. In this study, patients with-
out disability were defined as having mRS scores of 0 or
1, while patients with disability had mRS scores of 2—5.

The Cerebral Performance Category (CPC) scale [38],
was utilized to assess the neurological outcome and func-
tional status of patients 28 days after CA. This scale com-
prises five categories: category 1 indicates good cerebral
performance with normal function or minor disability
allowing independent daily activities, category 2 repre-
sents moderate cerebral disability with some limitations
but independent functioning in most daily activities,
category 3 signifies severe cerebral disability requir-
ing dependence on others for daily activities, category 4
reflects coma or vegetative state with unresponsiveness
and unawareness of surroundings, and category 5 signi-
fies brain death or death with no signs of brain function.
In this study, good neurological status was defined as
having CPC scores of 1 or 2, while poor neurological sta-
tus was defined as having CPC scores of 3 or 4.

Outcomes

The primary outcome examined was the 28-day survival
rate following CA with favorable disability and neurologi-
cal status. Additionally, several secondary outcomes were
evaluated, including the 24-hour survival, ECMO sur-
vival (it indicates that these patients did not experience
mortality while on ECMO therapy and does not encom-
pass the final long-term outcome of the patients after
ECMO support), CPR duration, ECMO length of stay
(LOS), ICU LOS, and hospital LOS.

Statistical analysis

Data were expressed as either meanststandard divi-
sion (SD) or medians (inter-quartile range, IQR) for
continuous variables, and frequencies with percentages
(%) for categorical characteristics. The Shapiro-Wilk
test was used to determine if the data followed a normal
distribution.

Demographic and clinical characteristics of the patients
were compared based on the NFT and LFT, where the
division was made using the median values of NFT
(£5 min or >5 min) and LFT (<36 min or >36 min). This
approach of dividing the groups based on the median
values allowed for a meaningful analysis and compari-
son of outcomes between patients with shorter and lon-
ger durations of NFT and LFT. For continuous variables,
t-tests or Mann-Whitney tests were used, while for cat-
egorical variables, Chi-square or Fisher’s exact tests were
employed. Additionally, unadjusted and adjusted binary
logistic regression analyses were conducted to evaluate
the prognostic clinical outcomes associated with NFT
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and LFT. The results were presented as odds ratios (OR)
with 95% confidence intervals (95% CI).

To assess the predictive prognostic accuracy of NFT
and LFT, receiver operating characteristic (ROC) curves
and the corresponding area under the curves (AUC) were
calculated. The AUC values were interpreted based on
general guidelines: AUC between 0.9 and 1.0 indicated
excellent discriminative power, 0.8—0.9 indicated good
power, 0.7-0.8 indicated fair power, and 0.6-0.7 indi-
cated poor power. Sensitivity (SN), specificity (SP), posi-
tive likelihood ratio (LR+), negative likelihood ratio (LR-),
and Youden index were also considered to determine
appropriate cut-off points. The AUCs between NFT and
LFT were compared using the DeLong test.

Statistical analyses were performed using SPSS soft-
ware (version 21) from SPSS Inc. (IL, Chicago, USA),
GraphPad Prism 9© from GraphPad Software Inc. (La
Jolla, CA), and MedCalc software. A significance level of
0.05 was used for all analyses.

Results
Demographic and clinical characteristics
This study included a total of 48 participants, with an
average age of 41.88+11.5 years. The majority of par-
ticipants (75%) were male, and most (62.5%) came from
the Asian/South Asian region, while 37.5% were from
the Middle-East/Africa region. The participants had
an average body mass index of 26.52+5.23, indicating
they were in the overweight range. The mean scores for
SOFA and APACHE II were 12.21+3.74 and 29.44+7.62,
respectively. Around 39.6% of participants had comor-
bidities, with ischemic heart disease being the most com-
mon (12.5%). OHCA occurred more frequently (77.1%)
than IHCA (22.9%). Bystander-witnessed events and
bystander CPR were reported in 93.8% and 97.9% of
cases, respectively. Among the participants, 33.3% expe-
rienced an initial shockable rhythm during cardiac arrest.
In terms of resuscitation characteristics, the mean
durations for NFT and LFT were 6.31+3.37 min and
39.5%£19.63 min, respectively. The average time from
collapse to ECPR was 45.81+£20.25 min. VA-ECMO was
utilized in 91.7% of cases. However, in 8.3% of cases,
VV-ECMO was chosen as these patients developed car-
diac arrest in the context of severe acute respiratory dis-
tress syndrome (ARDS). The decision to use VV-ECMO
in these patients was based on the presence of severe
hypoxemia that ultimately led to cardiac arrest. Most
ECPR procedures took place in the ED (68.8%), while the
remainder occurred in the ICU (31.3%). Ischemic heart
disease accounted for 43.8% of the cardiac arrest cases,
followed by other causes (43.8%) and pulmonary embo-
lism (12.5%). The median length of stay was 1.5 (1-4)
days for ECMO, 3 (1-9.75) days for the ICU, and 4 (1-12)
days for the hospital.
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Demographic and clinical outcomes according to NFT and

LFT

Table 1 presents a comparison of demographic and clini-
cal outcomes based on the duration of no-flow time
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(NFT): <5 min (n=28, 58.3%) versus >5 min (n=20,
41.7%). When considering demographic factors, there
were no significant differences observed in age, body
mass index (BMI), severity of disease (based on SOFA

Table 1 Demographic and clinical outcomes characteristics of the patients stratified by CPR start time (NFT)

Variables and outcomes Total CPR start time; (NFT) P-value
(n=48) <5min >5min
(n=28) (n=20)
Age, (years) # (Mean+SD) 4188£115 40.39+12.66 43.20+9.83 0.506
Gender, n (%) T Male 36 (75) 18 (64.3) 18 (90) 0.042%
Female 12 (25) 10 (35.7) 2(10)
Nationality, n (%) t Middle-East/Africa 18 (37.5) 12 (42.9) 6 (30) 0.364
Asian/South Asian 30 (62.5) 16 (57.1) 14 (70)
Body Mass Index # (Mean+SD) 26.52+523 26.82+6.06 26.11+391 0.650
Severity of disease, SOFA score 1221+3.74 1221+345 1220+4.2 0.990
(Mean+SD) # APACHE Il score 29.44+7.62 29.54+7.62 2930+7.82 0917
Comorbidities T yes (%) 19 (39.6) 12 (42.9) 7 (35) 0.583
Types of comorbidities + Prior Ischemic heart disease 6(12.5) 5(17.9) 1(5) 0.191
Dyslipidemia 3(6.3) 3(10.7) 0 0.189
Diabetes 10 (20.8) 4(14.3) 6 (30) 0.168
Hypertension 7(14.6) 6(214) 1(5) 0.118
Congestive heart failure 127) 1(3.6) 0 0.583
Chronic respiratory disease 3(6.3) 3(10.7) 0 0.189
Cardiac arrest location In hospital (IHCA) 11(22.9) 11(39.3) 0 0.001*
Out-of-hospital (OHCA) 37(77.1) 17 (60.7) 20 (100)
Bystander-witnessed t yes (%) 45 (93.8) 27 (96.4) 18 (90) 0.364
Bystander CPR yes (%) 47 (97.9) 28 (100) 19 (95) 0232
Initial shockable rhythm + yes (%) 16 (33.3) 15 (53.6) 1(5) <0.001*
Collapse-to-ECPR # (Mean+SD) 45.81+£20.23 40.25+20.60 53.60+17.34 0.023*
CPR-to-ECPR (LF time) # (Mean+SD) 39541963 3643+20.33 43.80+18.24 0.203
Duration of CPR <30 min (%) 16 (33.3) 13 (46.4) 3(15) 0.023*
>30 min (%) 32 (66.7) 15(53.6) 17 (85)
CPR duration (min) # (Mean+SD) 45.08+31.61 3496+23.63 59.25+36.27 0.007*
Type of ECMO + Venovenous (VV) 4(8.3) 1(3.6) 3(15) 0.189
Venoarterial (VA) 44(91.7) 27 (96.4) 17 (85)
ECPR location Emergency department (ED) 33 (68.8) 17 (60.7) 16 (80) 0.134
Intensive Care Unit (ICU) 15(31.3) 11 (39.9) 4 (20)
Cause of cardiac arrest T Ischemic heart disease 21(43.8) 13 (46.4) 8 (40) 0.863
Pulmonary embolism 6(12.5) 3(10.7) 3(15)
Others 21(438) 12 (42.9) 9 (45)
ECMO length of stay + Median (IQR) 1501-4) 3(1-5) 1(1-2) 0.019*
ICU length of stay + Median (IQR) 3(1-9.75) 7.5(1.25-20.75) 1(1-3) 0.002*
Hospital length of stay# Median (IQR) 4(1-12) 8.5 (2-35.75) 1(1-4) 0.001%
28-day disability status t No disability survivors 5(104) 5(17.9) 0 0.001*
Disability survivors 9(18.8) 9(32.1) 0
Non-survivors 34 (70.8) 14 (50) 20 (100)
28-day neurological status t Good recovery survivors 9(18.8) 9(32.1) 0 0.001*
Poor recovery survivors 5(104) 5(17.9)
Non-survivors 34 (70.8) 14 (50) 20 (100)
ECMO Survival t yes (%) 17 (354) 16 (57.1) 1(5) <0.001*
24-h Survival t yes (%) 31 (64.6) 22 (78.9) 9 (45) 0.017*
28-day Survival t yes (%) 14 (29.2) 14 (50) 0 <0.001*

* P<0.05 considered as significantly, # t-test,  Chi-square test or Fisher exact test, + Mann-Whitney test, Sequential Organ Failure Assessment (SOFA) Score, Acute
Physiology and Chronic Health Evaluation (APACHE 1), Cardiopulmonary resuscitation (CPR), Extracorporeal cardiopulmonary resuscitation (ECPR), Extracorporeal
membrane oxygenation (ECMO), No flow time (NFT).
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and APACHE II scores), presence of comorbidities, or
types of comorbidities between the two groups. How-
ever, there was a statistically significant difference in gen-
der distribution, with the >5 min group having a higher
proportion of males compared to the NFT <5 min group
(P=0.042). Regarding clinical outcomes, the group with
NFT>5 min had a significantly longer duration of car-
diopulmonary resuscitation (CPR) (59.251+36.27 vs.
34.96+23.63 min, P=0.007), shorter median extracor-
poreal membrane oxygenation (ECMO) length of stay
(LOS) (1 vs. 3 days, P=0.019), shorter intensive care unit
(ICU) LOS (1 vs. 7.5 days, P=0.002), and shorter hospital
LOS (1 vs. 8.5 days, P=0.001).

Table 2 presents a comparison of demographic and
clinical outcomes based on the duration of low-flow time
(LFT): <36 min and >36 min. Regarding demographic
characteristics, no significant differences were observed
in age, gender, nationality, or the presence of comorbidi-
ties between the two groups. However, the group with
LFT >36 min had a significantly higher BMI compared to
the group with LFT <36 min (28.19+5.86 vs. 24.85+3.98,
P=0.026). In terms of clinical outcomes, the duration of
CPR was significantly longer in the LFT>36 min group
(57.75%£24.13 vs. 32.42%33.54 min, P=0.004), as well as
the longer time from collapse to ECMO (61.08+15.60
vs. 30.54+10.33 min, P<0.001), compared to the
LFT<36 min group. There were no statistically signifi-
cant differences observed between the two groups in
terms of other clinical outcomes such as severity of dis-
ease, type of cardiac arrest, ECMO LOS, ICU LOS, or
hospital LOS.

Survival and neurological outcomes according to NFT and
LFT

The survival rate within 24 h after CA was found to be
64.4%. However, this rate significantly decreased to 35.4%
at the time of extracorporeal membrane oxygenation
(ECMO), and further decreased to 29.2% at 28 days after
CA. Out of the 14 patients who survived beyond 28 days
after the cardiac arrest, 9 (64.3%) of them had a favorable
neurological status (CPC 1-2), indicating good recovery.
Additionally, 5 (35.7%) patients had no disability, as indi-
cated by a mRS of 0-1.

The study revealed a significant difference in survival
rates based on the duration of NFT (Table 1). The group
with NFT>5 min had lower survival rates compared to
the group with NFT <5 min. Specifically, on ECMO, the
survival rates were 5% and 57.1% respectively (P<0.001).
At 24 h, the survival rates were 45% and 78.9% respec-
tively (P=0.017). At 28 days, the survival rates were 0%
and 50% respectively (P<0.001). These findings indicate
the importance of NFT duration in determining survival
outcomes. Additionally, the group with NFT>5 min had
no survivors without disability and no survivors with
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good recovery, while the group with NFT <5 min had 5
survivors without disability and 9 survivors with good
recovery (P=0.001). Both groups had 5 survivors with
poor recovery.

Based on the duration of LFT (Table 2), there were no
statistically significant differences between the <36 min
and >36 min groups in terms of 28-day disability status
(10.4% vs. 12.5%, p=0.807) and 28-day neurological sta-
tus (18.8% vs. 20.8%, p=0.807). The ECMO survival rates
were 35.4% in the total cohort, 45.8% in the <36 min
group, and 25% in the >36 min group, but the difference
was not significant (p=0.131). The 24-hour and 28-day
survival rates showed no significant variation between
the two groups (p=0.763 and p=0.525, respectively).

Prognostic impact of NFT and LFT on clinical outcomes
Figure 1 presents the results of binary logistic regression
analyses, both unadjusted and adjusted, for age, gender,
BMI, and cardiac arrest location (in-hospital or out of
hospital). The objective of these analyses was to deter-
mine the prognostic clinical outcomes associated with
NFT and LFT.

In the adjusted regression analysis, longer NFT was
found to significantly decrease the risk of ICU LOS (OR:
0.558, 95%CI: 0.305-0.819, P=0.016), hospital LOS (OR:
0.563, 95%CI: 0.286-0.80, P=0.043), ECMO survival (OR:
0.561, 95%CI: 0.183-0.903, P=0.009), 24-h survival (OR:
0.548, 95%CI: 0.173-0.819, P=0.007), and 28-day survival
(OR: 0.498, 95%CI: 0.106-0.802, P=0.011). However,
longer NFT was found to significantly increase the risk
of longer CPR duration (>30 min) (OR: 1.779, 95%Cl:
1.218-2.605, P=0.034). On the other hand, NFT was not
significantly associated with changes in the odds ratio for
28-day disability status (OR: 2.085, 95%CI: 0.435-2.707,
P=0.268) and 28-day neurological status (OR: 2.067,
95%CI: 0.123-3.833, P=0.614) (Fig. 2A).

In contrast to NFT, LFT showed no significant associa-
tion with changes in the odds ratio for ICU LOS, hospi-
tal LOS, ECMO survival, 24-hour survival, and 28-day
survival based on adjusted regression analysis. However,
longer LET was found to significantly increase the risk of
prolonged CPR duration (>30 min) (OR: 1.818, 95%Cl:
1.332-3.312, P=0.006). Similar to NFT, LFT was also not
significantly associated with changes in the odds ratio for
28-day disability status (OR: 1.997, 95%Cl: 0.725-3.375,
P=0.941) and 28-day neurological status (OR: 1.315,
95%ClI: 0.731-2.307, P=0.742) (Fig. 2B).

Predicting clinical outcomes by NFT and LFT

Predicting clinical outcomes using NFT and LFT was
examined and the results are presented in Table 3. In
terms of NFT, the AUC values ranged from 0.669 to
0.776, indicating moderate to fair predictive accuracy
for various factors. Specifically, NFT showed significant
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Table 2 Demographic and clinical outcomes characteristics of the patients stratified by CPR to ECPR time (LFT)
Variables and outcomes Total CPR to ECRP; (LFT) P-value
(n=48) <36 min >36 min
(n=24) (n=24)
Age, (years) # (Mean+5SD) 41.88+115 43.08+£12.55 40.67+£1048 0473
Gender, n (%) T Male 36 (75) 16 (66.7) 20(83.3) 0.159
Female 12 (25) 8(33.3) 4(16.7)
Nationality, n (%) + Middle-East/Africa 18 (37.5) 9(37.5) 9(37.5) 0.999
Asian/South Asian 30 (62.5) 15 (62.5) 15(62.5)
Body Mass Index # (Mean+SD) 2652+523 24.85+3.98 28.19+5.86 0.026*
Severity of disease, SOFA score 1221+3.74 1204+£3.22 1238+4.26 0.761
(Mean+SD) # APACHE Il score 29.44+7.62 29.17+£824 2971712 0.809
Comorbidities T yes (%) 19 (39.6) 9(37.5) 10 (41.7) 0.768
Types of comorbidities t Prior Ischemic heart disease 6(12.5) 2(8.3) 4(16.7) 0333
Dyslipidemia 3(6.3) 2(83) 1(4.2) 0.989
Diabetes 10 (20.8) 4(16.7) 6 (25) 0.362
Hypertension 7(14.6) 5(20.8) 2(83) 0.208
Congestive heart failure 121 0 14.2) 0.877
Chronic respiratory disease 3(6.3) 2(8.3) 1(4.2) 0.896
Cardiac arrest location t In hospital (IHCA) 11(22.9) 7(29.2) 4(16.7) 0.247
Out-of-hospital (OHCA) 37(77.1) 17 (70.8) 20(83.3)
Bystander-witnessed t yes (%) 45 (93.8) 22(91.7) 23(95.8) 0.551
Bystander CPR t yes (%) 47 (97.9) 23(95.8) 24 (100) 0312
Initial shockable rhythm + yes (%) 16 (33.3) 11 (45.8) 5(20.8) 0.066
Collapse-to-CPR (NF time) # (Mean+SD) 6.31+337 596+3.74 6.67+2.98 0473
Duration of CPR 1 <30 min (%) 16 (33.3) 13 (54.2) 3(12.5) 0.002*
>30 min (%) 32 (66.7) 11 (45.8) 21(87.5)
CPR duration (min) # (Mean+SD) 45.08+31.61 3242+3354 57752413 0.004*
Collapse-to-ECPR # (Mean+5SD) 45.81+£20.25 30.54+10.33 61.08+£15.60 <0.001*
Type of ECMO t Venovenous (VV) 4(83) 3(125) 1(4.2) 0.609
Venoarterial (VA) 44 (91.7) 21 (87.5) 23 (95.8)
ECPR location t Emergency department (ED) 33 (68.8) 14 (58.3) 19(79.2) 0.106
Intensive Care Unit (ICU) 15(31.3) 10 (41.7) 5(20.8)
Cause of cardiac arrest t Ischemic heart disease 21 (43.8) 9(375) 12 (50) 0319
Pulmonary embolism 6(12.5) 2(8.3) 4(16.7)
Others 21 (43.8) 13(54.2) 8(33.3)
ECMO length of stay + Median (IQR) 1.5(1-4) 3(1-5.75) 1(1-2.75) 0.079
ICU length of stay + Median (IQR) 3(1-9.75) 6 (1-14.25) 1.5(1-6.75) 0.199
Hospital length of stay + Median (IQR) 4(1-12) 6 (1-25.75) 1.5(1-8.75) 0.157
28-day disability status t No disability survivors 5(104) 3(12.5) 2(8.3) 0.807
Disability survivors 9(18.38) 5(20.8) 4(16.7)
Non-survivors 34 (70.8) 16 (66.7) 18 (75)
28-day neurological statust Good recovery survivors 9(18.8) 5(20.8) 4(16.7) 0.807
Poor recovery survivors 5(10.4) 3(12.5) 2(83)
Non-survivors 34(70.8) 16 (66.7) 18 (75)
ECMO Survival + yes (%) 17 (35.4) 11(45.8) 6 (25) 0.131
24-h Survival T yes (%) 31 (64.6) 16 (66.7) 15 (62.5) 0.763
28-day Survival t yes (%) 14 (29.2) 8(33.3) 6 (25) 0.525

* P<0.05 considered as significantly, # t-test, t Chi-square test or Fisher exact test, + Mann-Whitney test, Sequential Organ Failure Assessment (SOFA) Score, Acute
Physiology and Chronic Health Evaluation (APACHE 1), Cardiopulmonary resuscitation (CPR), Extracorporeal cardiopulmonary resuscitation (ECPR), Extracorporeal
membrane oxygenation (ECMO), Low flow time (LFT).
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Outcomes

CPR duration

ECMO length of stay
ICU length of stay
Hospital lenght of stay
28-day disability status
28-day neurological status
ECMO survivals

24-h survivals

28-day survivals

Unadjusted
OR (95%CTI), P-value

1.282 (1.025-2.604), 0.031
0.809 (0.359-0.993), 0.043
0.762 (0.216-0.943), 0.013
0.784 (0.244-0.954), 0.015
3.165 (0.513-5.533),0.215
2466 (0.451-3.498), 0.298
0.676 (0.516-0.887), 0.005
0.773 (0.634-0.943), 0.011
0.634 (0.455-0.882), 0.007

Outcomes

CPR duration

ECMO length of stay

ICU length of stay
Hospital lenght of stay
28-day disability status
28-day neurological status
ECMO survivals

24-h survivals

28-day survivals

Unadjusted
OR (95%CI), P-value

1135 (1.052-2.224), 0.001
0.773 (0.941-1.007), 0.121
0.609 (0.324-0.996), 0.031
0.776 (0.545-1.007), 0.129
1.003 (0.934-1.077), 0.932
1.021 (0.951-1.096), 0.576
0.769 (0.534-1.005), 0.088
0.998 (0.768-1.028), 0.883
0.978 (0.743-1.014), 0.222

Adjusted Adjusted odds ratio (OR) to prognostic
OR (95%CI), P-value outcomes according to NF time
!
1.779 (1.218-2.605), 0.034 | e—
0.821 (0.269-1.305), 0.066 "’:"
0.558 (0.305-0.819), 0.016 |'.'|E
0.563 (0.286-0.802), 0.043 4 :
2.085 (0.435-2.707), 0.268 I—;—0—|
2.067 (0.123-3.833), 0.614 l—:—O—I
0.561 (0.183-0.903), 0.009 |-.-|E
0.548 (0.173-0.819), 0.007 o+ :
0.498 (0.106-0.802), 0.011 - :
1
I 1 T 1 T T 1 1
2 A 0 A 2 3 A 5
Adjusted Adjusted odds ratio (OR) to prognostic
OR (95%CI), P-value outcomes according to LF time
!
1.818 (1.332-3.312), 0.006 : —e—
0.678 (0.241-1.117), 0.255 H‘:'
0.661 (0.206-1.122), 0.061 |—.'i'|
0.673 (0.123-1.209), 0.141 o4
1.997 (0.725-3.375), 0.941 I-;—0—|
1.315 (0.731-2.307), 0.742 I-:-0—|
0.781 (0.342-1.322), 0.353 |-.J:-|
0.798 (0.162-1.234), 0.893 —oH
0.788 (0.649-1.229), 0.555 —etl
1
T T T T T T T 1
2 A 0 A 2 3 A 5

Fig. 2 Unadjusted and adjusted (adjusting by age, gender BMI and cardiac arrest location include in-hospital or out of hospital) binary logistic regression
analysis to prognostic clinical outcomes according to (A) CPR start time (NFT: No Flow time), and (B) CPR to ECPR time (LFT: Low Flow time). Forest plot
showed adjusted odd ratios (ORs) to prognostic outcomes according NF time and LF time. P<0.05 considered as significantly

predictive value for ECMO LOS (AUC: 0.669, 95% CI:
0.519-0.798, P=0.034), hospital LOS (AUC: 0.683, 95%
CIL. 0.533-0.810, P=0.020), 24-hour survival (AUC:
0.714, 95% CI: 00.566—0.835, P=0.011), ICU LOS (AUC:
0.717, 95% CI: 0.569-0.837, P=0.003), CPR duration
(AUC: 0.741, 95% CI: 0.595-0.857, P=0.006), 28-day
survival (AUC: 0.768, 95% CI: 0.624-0.877, P=0.0001),
and ECMO survival (AUC: 0.776, 95% CI: 0.633-0.884,
P=0.0001).

On the other hand, LFT demonstrated good predic-
tive performance specifically in relation to CPR dura-
tion, with an area under the ROC curve of 0.878 (95%
CIL: 0.751-0.955, P=0.0001). The optimal cut-off value

for LFT was identified as <27 min, with a sensitivity of
75% (95%CI: 47.6-92.7%), specificity of 93.7% (95%CL:
79.2-99.2), a positive likelihood ratio (LR+) of 12 (95%CI:
3.04-47.29), a negative likelihood ratio (LR-) of 0.27
(95%CI: 0.11-0.63), and a Youden index of 0.687%.

Predictive accuracy analysis: NFT vs. LFT

The comparative analysis between NFT and LFT in pre-
dicting various outcomes is presented in Table 4. The
results indicate that, overall, NFT exhibits higher predic-
tive accuracy than LFT for length of stay and survival out-
comes. However, in the specific case of predicting CPR
duration, LFT performs better than NFT. Importantly,
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Table 3 ROC curve results of CPR start time (NFT) and CPR to ECPR time (LFT) to predict outcomes

Outcomes AUC P-value SN SP LR+ LR- Youden Cut-
(95% CI) (95% CI) (95% CI) (95% CI) (95% Cl) Index point
CPR  CPRduration 0.741 0.006*  50.00 93.75 8.00 053 0437 <3
start (>30 min vs. <30 min) (0.595-0.857) (24.7-753) (79.2-99.2) (1.92-33.38) (0.32-0.88)
time  ECMO length of stay 0.669 0.034* 5667 7778 255 0.56 0.344 >5
(NFT) (=2 days vs. <2 days) (0.519-0.798) (374-745) (524-936) (1.02-639)  (0.35-0.90)
ICU length of stay 0.717 0.003* 60.71 80.00 3.04 0.49 0.407 >5
(=3 days vs. <3 days) (0.569-0.837) (40.6-785) (56.3-94.3) (1.20-7.66)  (0.29-0.82)
Hospital length of stay 0.683 0.020*  62.50 75.00 2.50 0.50 0.375 >5
(=4 days vs. <4 days) (0.533-0.810) (406-81.2) (53.3-90.2) (1.17-5.34) (0.28-0.88)
28-day disability status 0.689 0.151 100 3333 1.50 0 0.333 <4
(with disability vs. without disability) (0.394-0.901) (47.8-100) (7.5-70.1) (0.95-2.38)
28-day neurological status 0.656 0.335 88.89 40.00 148 0.28 0.288 <4
(poor status vs. good status) (0.363-0.881) (51.8-99.7) (53-85.3) (0.70-3.14)  (0.033-2.35)
ECMO survival 0.776 0.0001*  94.12 64.52 2.65 0.091 0.586 <5
(yes vs. no) (0.633-0.884) (71.3-99.9) (454-80.8) (1.63-433)  (0.013-0.62)
24-h survival 0.714 0011% 7742 70.59 263 032 0480 <7
(yes vs. no) (0.566-0.835) (589-904) (44.0-89.7) (1.23-5.63) (0.16-0.66)
28-day survival 0.768 0.0001* 100 61.76 262 0 0617 <5
(yes vs. no) (0.624-0.877) (76.8-100)  (43.6-77.8) (1.71-4.01)
CPRto CPRduration 0.878 0.0001*  75.00 93.75 12.00 0.27 0.687 <27
ECPR  (>30 min vs. <30 min) (0.751-0.955) (476-92.7) (79.2-99.2) (3.04-47.29) (0.11-0.63)
time  ECMO length of stay 0.635 009  60.00 66.67 1.80 0.60 0.266 >36
(LFT) (=2 days vs. <2 days) (0.484-0.769) (406-77.3) (41.0-867) (0.88-368)  (0.35-1.04)
ICU length of stay 0.696 0.010*  64.29 70.00 2.14 0.51 0.342 >36
(>3 days vs. <3 days) (0.547-0.821) (44.1-81.4) (45.7-88.1) (1.04-442) (0.29-0.91)
Hospital length of stay 0.640 0085 6250 62.50 167 0.60 0.250 >36
(=4 days vs. <4 days) (0.488-0.773) (40.6-81.2) (406-81.2) (091-3.04)  (0.33-1.10)
28-day disability status 0.500 0.999 20.00 55.56 045 1.44 0.244 <39
(with disability vs. without disability) (0.230-0.770) (0.5-71.6) (21.2-86.3) (0.067-3.01) (0.69-2.99)
28-day neurological status 0.578 0.647 3333 100 0 067 0.333 <17
(poor status vs. good status) (0.294-0.828) (7.5-70.1) (47.8-100) (0.42-1.06)
ECMO survival 0.646 0.075 47.06 7742 2.08 0.68 0.244 <28
(yes vs. no) (0.495-0.779) (23.0-722)  (58.9-90.4) (091-4.75)  (042-1.11)
24-h survival 0.538 0.661 29.03 88.24 247 0.80 0.172 <22
(yes vs. no) (0.388-0.683) (14.2-48.0) (63.6-985) (0.60-10.14) (0.61-1.07)
28-day survival 0.599 0273 42.86 7647 1.82 0.75 0.193 <27
(yes vs. no) (0.447-0.738) (17.7-71.1)  (58.8-89.3) (0.77-4.29) (0.46-1.22)

Abbreviations; NFT: No flow time, LFT: Low flow time, CI: Confidence interval, SN: Sensitivity; SP: Specificity; LR+: Positive likelihood ratio; LR-: Negative likelihood
ratio; *P-value <0.05 considered significant

Table 4 Comparison of AUC between CPR start time (NFT) and CPR to ECPR time (LFT) to predict outcomes

Outcomes CPR start time (NFT) CPR to ECPR time (LFT) p-value*
AUC 95% Cl p-value AUC 95% Cl p-value
CPR duration 0.741 0.595 t0 0.857 0.006 0.878 0.751 to 0.955 0.0001 0.178
ECMO length of stay 0.669 0.519t0 0.798 0.034 0.635 0.484 t0 0.769 0.096 0.743
ICU length of stay 0.717 0.569 to 0.837 0.003 0.696 0.547 t0 0.821 0.010 0.835
Hospital length of stay 0.683 0.533t00.810 0.020 0.640 048810 0.773 0.085 0.672
28-day disability status 0.689 0.394 to 0.901 0.151 0.500 0.230t0 0.770 0.999 0488
28-day neurological status 0.656 0.363 to 0.881 0335 0.578 0.294 t0 0.828 0.647 0.654
ECMO survival 0.776 0.633t0 0.884 0.0001 0.646 049510 0.779 0.075 0.188
24-h survival 0.714 0.566 to 0.835 0.011 0.538 0.388 to 0.683 0.661 0.094
28-day survival 0.768 0.624t0 0.877 0.0001 0.599 0447 t0 0.738 0.273 0.085

* P-value based on DelLong test to compare AUCs between NFT and LFT for each outcome
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the statistical analysis using the DeLong test did not
reveal any significant differences between NFT and LFT
in terms of predictive accuracy. For a visual comparison,
refer to Fig. 3 which illustrates the ROC curves of NFT
and LFT in predicting clinical outcomes.
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Discussion

Despite advancements in resuscitation techniques and
knowledge, the treatment of OHCA and IHCA remains
challenging, leading to consistently low survival rates
and poor neurological status upon discharge [39]. Mini-
mizing collapse-to-CPR time (NFT) and CPR-to-ECPR
time (LFT) is crucial for improving outcomes in OHCA
and IHCA patients [36, 40]. This study aimed to assess
the impact of NFT and LFT on prognosis in patients
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Fig. 3 Comparison of ROC curves between NFT and LFT to predict (A) CPR duration, (B) ECMO LOS, (C) ICU LOS, (D) hospital LOS, (E) 28-day disability
status, (F) 28-day neurological status, (G) ECMO survival, (H) 24-h survival, and (I) 28-day surviva
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undergoing ECMO. The results clearly showed a signifi-
cant relationship between these time intervals and out-
comes in OHCA and IHCA patients.

The findings indicated that NFT was a more effec-
tive predictor than LFT in assessing clinical outcomes
for OHCA and IHCA patients who underwent ECMO.
Longer NFT was associated with unfavorable outcomes,
including longer CPR duration and decreased survival
rates for ECMO, 24 h, and 28 days. The effectiveness of
NFT as a predictor of clinical outcomes in OHCA and
IHCA patients undergoing ECMO can be attributed to
the early initiation of CPR, timely restoration of circu-
lation, and the influence of resuscitation quality. Mini-
mizing NFT intervals through prompt recognition and
initiation of CPR increases the likelihood of successful
resuscitation and improved survival rates. These findings
align with previous studies that reported an inverse cor-
relation between NFT and survival rate. A study by Has-
selqvist-Ax et al. [41], analyzed data from the Swedish
Cardiac Arrest Registry involving 30,381 OHCA patients
and demonstrated that a shorter NFT was associated
with a more than twofold higher 30-day survival rate
compared to a longer NFT. Reynolds et al. [42], found
that the probability of survival to the hospital for ECPR
patients decreased rapidly with each minute of delayed
onset CPR. Additionally, a single-center retrospective
study on 85 patients who received ECPR indicated that
an NFT<5 min was a superior predictor for favorable
outcomes in OHCA patients compared to the combined
NFT and LFT [21].

Optimal NFT cut-off values of <7 min and <5 min
were identified for predicting 24-hour survival and
28-day survival, respectively. Notably, all participants
who survived beyond 28 days had a collapse-to-CPR time
of less than 5 min. The identified optimal NFT cut-off
values suggest that prompt initiation of CPR within these
time frames maximizes the chances of successful resusci-
tation and subsequent survival. Furthermore, the finding
that all participants who survived beyond 28 days had a
collapse-to-CPR time of less than 5 min emphasizes the
critical importance of early CPR in achieving long-term
favorable outcomes.

Regarding LFT, a longer duration was associated with a
higher probability of prolonged CPR but was not an inde-
pendent predictor of survival in this study. However, pro-
longed CPR duration is known to decrease survival rates
due to complications and diminishing CPR effective-
ness. Prolonged CPR duration can have negative effects
on survival rates after cardiac arrest (CA). Firstly, it
increases the risk of complications, such as brain damage
and permanent disability, due to the prolonged period
of inadequate blood flow to the brain. Additionally, as
time goes on, the effectiveness of CPR diminishes, lead-
ing to decreased chances of successful resuscitation and
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subsequent survival [43]. Goto et al. [16], in a prospec-
tive observational study revealed an independent and
inverse association between the duration of CPR and the
1-month survival and favorable neurological outcomes
in Japanese OHCA patients. Another study by Lee et al.
[44], examined 605 patients who experienced IHCA and
found that the median CPR duration was 11.0 min for the
survival group and 26.5 min for the non-survival group.
Wang et al. [45], conducted a study that indicated a trend
towards lower rates of favorable outcomes in patients
with longer LFT. Higashi et al. [40], performed a study
on 117 IHCA subjects who received ECPR and found an
inverse correlation between LFT and the 90-day survival
rate as well as favorable neurological outcomes. There-
fore, it is evident that longer LFT durations are associated
with poorer survival outcomes [46, 47]. Additionally, the
most recent meta-analysis demonstrated that a shorter
LFT in ECPR was linked to improved survival [48]. Con-
sidering the upper limit of CPR duration (between 21 and
34 min) needed to achieve favorable neurologic outcomes
[49], we determined that the optimal LFT cut-off value
for predicting durations below 30 min was <27 min.

The study found no statistically significant connection
between NFT or LFT and the improvement of disability
and neurologically favorable survival after 28 days of car-
diac arrest. However, it is worth noting that the NFT was
shorter in patients who survived for 28 days with good
neurological status compared to those with poor neu-
rological status. Although not statistically significant,
this finding aligns with previous studies that reported
an inverse relationship between NFT/LFT and favorable
neurological outcomes [16, 21, 23]. Further research is
needed to understand the exact nature of this correla-
tion, considering factors such as sample size, patient
characteristics, and treatment protocols. Future stud-
ies may explore interventions to decrease NFT and LFT
while enhancing neurological outcomes following cardiac
arrest.

Strengths and limitations

The findings of our study offer valuable insights into
the predictive abilities of NFT and LFT regarding clini-
cal outcomes in patients with OHCA and IHCA. These
insights can guide healthcare professionals in enhancing
resuscitation protocols, which have potential to improve
survival rates and long-term prognosis for patients
undergoing ECMO. However, there are some potential
limitations in the present observational study. First, the
study has a single-center retrospective design, which
may limit the generalizability of the findings. Second, the
small sample size can influence the accuracy and reli-
ability of the results, leading to conflicting conclusions.
Third, the study relies on reports of estimated collapse
times. However, the accuracy and reliability of these
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estimates may vary, potentially introducing measurement
errors or inconsistencies into the data. Fourth, there is a
lack of previous information available on the neurologi-
cal status of patients prior to cardiac arrest. This absence
of data could affect the interpretation of the results. Nev-
ertheless, the study attempted to address these limita-
tions by utilizing strict inclusion and exclusion criteria
to select homogeneous participants and reduce the effect
of confounding factors using adjusted binary regression
analysis, thereby enhancing the internal validity and gen-
eralizability of the study findings.

Conclusion

The results indicate that a longer NFT is strongly asso-
ciated with worse clinical outcomes, as measured by
various parameters. Patients with an extended NFT had
significantly longer CPR duration, suggesting a more
challenging resuscitation process. Additionally, there was
an inverse correlation between NFT and ECMO survival,
24-hour survival, and 28-day survival, highlighting its
potential as an indicator of adverse outcomes. In other
words, the analysis revealed that a longer LFT was only
linked to an increased risk of prolonged CPR duration.
This implies that while LFT may offer some predictive
value for CPR duration, it lacks the comprehensive pre-
dictive power demonstrated by NFT concerning overall
clinical outcomes. Therefore, our study presents com-
pelling evidence supporting NFT as a superior predic-
tor compared to LFT for clinical outcomes in OHCA or
IHCA patients undergoing ECMO. Understanding these
distinct predictive abilities allows medical professionals
to better identify high-risk patients and tailor their inter-
ventions accordingly. It is important to note that further
research is required to explore the underlying mecha-
nisms behind the associations observed in our study.
Future investigations could delve into the specific physi-
ological and pathophysiological factors influencing NFT
and LFT, providing insights into the reasons for their dis-
crepant predictive performances.

List of Abbreviations
CPR Cardiopulmonary resuscitation

ECPR Extracorporeal cardiopulmonary resuscitation
ROSC Return of spontaneous circulation
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ECMO Extracorporeal membrane oxygenation
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CPC Cerebral Performance Category

mRS modified Rankin Scale

VV-ECMO  Veno-venous ECMO

VA-ECMO  Veno-arterial ECMO

OR Odds ratio

@] Confidence intervals

ROC Receiver operating characteristic

Page 13 of 15

Acknowledgements
The study was supported by Vice-chancellor for Research and Technology,
Medical Intensive Care Unit, Hamad General Hospital, Doha, Qatar.

Authors’ contributions

All authors contributed to this study; study concept and design, A.VA and
AAH. Analysis and interpretation of data, FRB, and M.S; Acquisition of data
and drafting of the manuscript, IEH, H.E, HA, FA, and A.A; Critical revision of
the manuscript for important intellectual content, ALSH, and AS.|; Statistical
analysis, AVA and AAH.

Funding

This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Open Access funding provided by the Qatar National Library.

Data Availability
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The study was conducted in strict adherence to the principles of the
Declaration of Helsinki, and received approval from the Clinical Investigation
Ethics Committee of Hamad General Hospital Institutional Review Board
(MRC-01-21-934). Informed consent was obtained from all patients or their
legal guardians, and the study findings were reported in accordance with
the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

Trauma research center, Nursing Faculty, Bagiyatallah University of
Medical Sciences, Tehran, Iran

’Medical Intensive Care Unit, Hamad General Hospital, Doha, Qatar
3Departmem of Medicine, Weill Cornell Medical College, PO BOX 3050,
Doha, Qatar

4Departmem of Anesthesiology and Critical Care, School of medicine,
Hamadan University of Medical Sciences, Hamadan, Iran

5Errwerg:;ency Department, Hamad General Hospital, Doha, Qatar
Chemical Injuries Research Center, Systems Biology and Poisonings
Institute, Bagiyatallah University of Medical Sciences, Tehran, Iran
’Medical Education, Hamad Medical Corporation, Doha, Qatar
8Medical Research Center, Hamad Medical Corporation, Doha, Qatar

Received: 23 July 2023 / Accepted: 6 November 2023
Published online: 05 March 2024

References

1. Andersen LW, Holmberg MJ, Berg KM, Donnino MW, Granfeldt A. In-
Hospital Cardiac Arrest: a review. JAMA. 2019;321(12):1200-10. https://doi.
0rg/10.1001/jama.2019.1696.

2. Berdowski J, Berg RA, Tijssen JG, Koster RW. Global incidences of out-of-
hospital Cardiac Arrest and survival rates: systematic review of 67 prospective
studies. Resuscitation. 2010;81(11):1479-87. https://doi.org/10.1016/.
resuscitation.2010.08.006.

3. YanS, GanY,Jiang N,Wang R, Chen, Luo Z, et al. The global survival rate
among adult out-of-hospital Cardiac Arrest patients who received cardio-
pulmonary resuscitation: a systematic review and meta-analysis. Crit Care.
2020;24(1):61. https://doi.org/10.1186/513054-020-2773-2.

4. Zanders R, Druwé P, Van Den Noortgate N, Piers R. The outcome of in- and
out-hospital cardiopulmonary arrest in the older population: a scoping


https://doi.org/10.1001/jama.2019.1696
https://doi.org/10.1001/jama.2019.1696
https://doi.org/10.1016/j.resuscitation.2010.08.006
https://doi.org/10.1016/j.resuscitation.2010.08.006
https://doi.org/10.1186/s13054-020-2773-2

Vahedian-Azimi et al. BMC Emergency Medicine

20.

21

22.

(2024) 24:36

review. Eur Geriatr Med. 2021;12(4):695-723. https://doi.org/10.1007/
541999-021-00454-y.

Vestergaard LD, Lauridsen KG, Krarup NHV, Kristensen JU, Andersen LK,
Lefgren B. Quality of cardiopulmonary resuscitation and 5-Year survival fol-
lowing in-hospital Cardiac Arrest. Open Access Emergency Medicine: OAEM.
2021;13:553-60. https://doi.org/10.2147/0aem.s341479.

Singer JL, Mosesso VN Jr. After the lights and sirens: patient access delay

in Cardiac Arrest. Resuscitation. 2020;155:234-5. https://doi.org/10.1016/].
resuscitation.2020.07.027.

Bircher NG, Chan PS, Xu Y, Association AH. Delays in cardiopulmonary resus-
citation, defibrillation, and epinephrine administration all decrease survival in
in-hospital Cardiac Arrest. Anesthesiology. 2019;130(3):414-22.

Balan P, Hsi B, Thangam M, Zhao Y, Monlezun D, Arain S, et al. The Cardiac
Arrest survival score: a predictive algorithm for in-hospital mortality after out-
of-hospital Cardiac Arrest. Resuscitation. 2019;144:46-53.

McNally B, Robb R, Mehta M, Vellano K, Valderrama AL, Yoon PW, et al. Out-
of-hospital Cardiac Arrest surveillance—Cardiac Arrest registry to enhance
survival (CARES), United States, October 1, 2005-December 31, 2010. Morbid-
ity and Mortality Weekly Report. Surveillance Summaries. 2011,60(8):1-19.
Hsia RY, Huang D, Mann NC, Colwell C, Mercer MP, Dai M, et al. A US national
study of the association between income and ambulance response time in
Cardiac Arrest. JAMA Netw Open. 2018;1(7):185202-2.

Larsen MP, Eisenberg MS, Cummins RO, Hallstrom AP. Predicting survival
from out-of-hospital Cardiac Arrest: a graphic model. Ann Emerg Med.
1993;22(11):1652-8.

Richardson ASC, Tonna JE, Nanjayya V, Nixon P, Abrams DC, Raman L, et al.
Extracorporeal cardiopulmonary resuscitation in adults. Interim Guideline
Consensus Statement from the extracorporeal life support Organization.
ASAIO J (American Soc Artif Intern Organs: 1992). 2021,67(3):221-8. https://
doi.org/10.1097/mat.0000000000001344.

Jacobs |, Nadkarni V, Participants C, Bahr J, Outcomes CR. Cardiac Arrest and
cardiopulmonary resuscitation outcome reports: update and simplification of
the Utstein templates for resuscitation registries: a statement for healthcare
professionals from a task force of the International Liaison Committee on
Resuscitation (American Heart Association, European Resuscitation Council,
Australian Resuscitation Council, New Zealand Resuscitation Council, Heart
and Stroke Foundation of Canada, InterAmerican Heart Foundation, Resusci-
tation councils of Southern Africa). Circulation. 2004;110(21):3385-97.
Kumar KM, ECPR-extracorporeal cardiopulmonary resuscitation. Indian J
Thorac Cardiovasc Surg. 2021;37(Suppl 2):294-302. https://doi.org/10.1007/
$12055-020-01072-2.

Schiff T, Koziatek C, Pomerantz E, Bosson N, Montgomery R, Parent B, et al.
Extracorporeal cardiopulmonary resuscitation dissemination and integration
with organ preservation in the USA: ethical and logistical considerations. Crit
Care. 2023;27(1):144. https://doi.org/10.1186/513054-023-04432-7.

Goto Y, Funada A, Goto Y. Relationship between the duration of cardiopul-
monary resuscitation and favorable neurological outcomes after out-of-
hospital Cardiac Arrest: a prospective, Nationwide, Population-based Cohort
Study. J Am Heart Association. 2016;5(3):e002819. https://doi.org/10.1161/
jaha.115.002819.

Duan J, Zhai Q, ShiY, Ge H, Zheng K, Du L, et al. Optimal time of collapse to
return of spontaneous circulation to apply targeted temperature manage-
ment for Cardiac Arrest: a bayesian network Meta-analysis. Front Cardiovasc
Med. 2021;8:784917. https://doi.org/10.3389/fcvm.2021.784917.

Ryu J-A, Chung CR, Cho YH, Sung K, Jeon K, Suh GY, et al. Neurologic out-
comes in patients who undergo extracorporeal cardiopulmonary resuscita-
tion. Ann Thorac Surg. 2019;108(3):749-55.

Hutin A, Abu-Habsa M, Burns B, Bernard S, Bellezzo J, Shinar Z, et al. Early
ECPR for out-of-hospital Cardiac Arrest: best practice in 2018. Resuscitation.
2018;130:44-8.

Elmelliti H, Vahedian-Azimi A, Albazoon F, Algahwachi H, Akbar A, Shehatta
AL et al. Outcomes of patients with in- and out-of-hospital Cardiac Arrest on
extracorporeal cardiopulmonary resuscitation: a single-center Retrospective
Cohort Study. Current problems in cardiology. 2023, 48(5):101578. https://doi.
0rg/10.1016/j.cpcardiol.2022.101578.

Murakami N, Kokubu N, Nagano N, Nishida J, Nishikawa R, Nakata J, et al.
Prognostic impact of No-Flow Time on 30-Day neurological outcomes in
patients with out-of-hospital Cardiac Arrest who received extracorporeal
cardiopulmonary resuscitation. Circ J. 2020;84(7):1097-104. https://doi.
0rg/10.1253/circj.CJ-19-1177.

Debaty G, Babaz V, Durand M, Gaide-Chevronnay L, Fournel E, Blancher M,
et al. Prognostic factors for extracorporeal cardiopulmonary resuscitation

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 14 of 15

recipients following out-of-hospital refractory Cardiac Arrest. A systematic
review and meta-analysis. Resuscitation. 2017;112:1-10.

Adnet F, Triba MN, Borron SW, Lapostolle F, Hubert H, Gueugniaud P-Y, et

al. Cardiopulmonary resuscitation duration and survival in out-of-hospital
Cardiac Arrest patients. Resuscitation. 2017;111:74-81.

Xu F, Zhang Y, Chen Y. Cardiopulmonary resuscitation training in China:
current Situation and Future Development. JAMA Cardiol. 2017,2(5):469-70.
https://doi.org/10.1001/jamacardio.2017.0035.

Kragholm K, Wissenberg M, Mortensen RN, Hansen SM, Malta Hansen C, Thor-
steinsson K, et al. Bystander efforts and 1-Year outcomes in out-of-hospital
Cardiac Arrest. N Engl J Med. 2017;376(18):1737-47. https://doi.org/10.1056/
NEJMoa1601891.

World Medical Association. Declaration of Helsinki: ethical principles for
medical research involving human subjects. J Am Coll Dent. 2014;81(3):14-8.
Cuschieri S, Saudi JA. 2019, 13(Suppl 1):531-s34. https://doi.org/10.4103/sja.
SJA_543_18.

Merchant RM, Topjian AA, Panchal AR, Cheng A, Aziz K, Berg KM, et al.

Part 1: executive summary: 2020 American Heart Association guidelines

for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care.
Circulation. 2020;142(16suppl2):337-S357. https://doi.org/10.1161/
CIR.0000000000000918.

Ryu JA, Chung CR, Cho YH, Sung K, Suh GY, Park TK et al. The association of
findings on brain computed tomography with neurologic outcomes follow-
ing extracorporeal cardiopulmonary resuscitation. Crit Care 2017, 21(1):15.
https://doi.org/10.1186/513054-017-1604-6.

Ryu J-A, Cho YH, Sung K, Choi SH, Yang JH, Choi J-H, et al. Predictors of
neurological outcomes after successful extracorporeal cardiopulmonary
resuscitation. BMC Anesthesiol. 2015;15(1):26. https://doi.org/10.1186/
$12871-015-0002-3.

Salluh JI, Soares M. ICU severity of Illness scores: APACHE, SAPS and

MPM. Curr Opin Crit Care. 2014;20(5):557-65. https://doi.org/10.1097/
mcc.0000000000000135.

Lambden S, Laterre PF, Levy MM, Francois B. The SOFA score-development,
utility and challenges of accurate assessment in clinical trials. Crit Care.
2019;23(1):374. https://doi.org/10.1186/513054-019-2663-7.

Woolcott OO, Reinier K, Uy-Evanado A, Nichols GA, Stecker EC, Jui J, et

al. Sudden Cardiac Arrest with shockable rhythm in patients with Heart
Failure. Heart Rhythm. 2020;17(10):1672-8. https://doi.org/10.1016/j.
hrthm.2020.05.038.

Li Y, Bisera J, Geheb F, Tang W, Weil MH. Identifying potentially shockable
rhythms without interrupting cardiopulmonary resuscitation. Crit Care Med.
2008;36(1):198-203. https://doi.org/10.1097/01.Ccm.0000295589.64729.6b.
Guy A, Kawano T, Besserer F, Scheuermeyer F, Kanji HD, Christenson J et

al. The relationship between no-flow interval and survival with favour-

able neurological outcome in out-of-hospital Cardiac Arrest: implications
for outcomes and ECPR eligibility. Resusc 2020, 155:219-25. https://doi.
org/10.1016/j.resuscitation.2020.06.009.

Wengenmayer T, Rombach S, Ramshorn F, Biever P, Bode C, Duerschmied D,
et al. Influence of low-flow time on survival after extracorporeal cardiopulmo-
nary resuscitation (eCPR). Crit Care. 2017;21(1):157. https://doi.org/10.1186/
$13054-017-1744-8.

Runde D. Calculated decisions: Modified Rankin Scale (mRS) for neurologic
disability. Emerg Med Pract. 2019;21(Suppl 6):Cd4-cd5.

Grossestreuer AV, Abella BS, Sheak KR, Cinousis MJ, Perman SM, Leary M,

et al. Inter-rater reliability of post-arrest cerebral performance category
(CPQ) scores. Resuscitation. 2016;109:21-4. https://doi.org/10.1016/].
resuscitation.2016.09.006.

Fuchs A, Kdser D, Theiler L, Greif R, Knapp J, Berger-Estilita J. Survival and
long-term outcomes following in-hospital Cardiac Arrest in a Swiss university
hospital: a prospective observational study. Scand J Trauma Resusc Emerg
Med. 2021;29(1):115. https://doi.org/10.1186/513049-021-00931-0.

Higashi A, Nakada TA, Imaeda T, Abe R, Shinozaki K, Oda S. Shortening of
low-flow duration over time was associated with improved outcomes of
extracorporeal cardiopulmonary resuscitation in in-hospital Cardiac Arrest. J
Intensive Care. 2020;8:39. https://doi.org/10.1186/540560-020-00457-0.
Hasselqvist-Ax |, Riva G, Herlitz J, Rosenqvist M, Hollenberg J, Nordberg P, et al.
Early cardiopulmonary resuscitation in out-of-hospital Cardiac Arrest. N Engl J
Med. 2015;372(24):2307-15. https://doi.org/10.1056/NEJMoa1405796.
Reynolds JC, Frisch A, Rittenberger JC, Callaway CW. Duration of resuscitation
efforts and functional outcome after out-of-hospital Cardiac Arrest: when
should we change to novel therapies? Circulation. 2013, 128(23):2488-94.
https://doi.org/10.1161/circulationaha.113.002408.


https://doi.org/10.1007/s41999-021-00454-y
https://doi.org/10.1007/s41999-021-00454-y
https://doi.org/10.2147/oaem.s341479
https://doi.org/10.1016/j.resuscitation.2020.07.027
https://doi.org/10.1016/j.resuscitation.2020.07.027
https://doi.org/10.1097/mat.0000000000001344
https://doi.org/10.1097/mat.0000000000001344
https://doi.org/10.1007/s12055-020-01072-2
https://doi.org/10.1007/s12055-020-01072-2
https://doi.org/10.1186/s13054-023-04432-7
https://doi.org/10.1161/jaha.115.002819
https://doi.org/10.1161/jaha.115.002819
https://doi.org/10.3389/fcvm.2021.784917
https://doi.org/10.1016/j.cpcardiol.2022.101578
https://doi.org/10.1016/j.cpcardiol.2022.101578
https://doi.org/10.1253/circj.CJ-19-1177
https://doi.org/10.1253/circj.CJ-19-1177
https://doi.org/10.1001/jamacardio.2017.0035
https://doi.org/10.1056/NEJMoa1601891
https://doi.org/10.1056/NEJMoa1601891
https://doi.org/10.4103/sja.SJA_543_18
https://doi.org/10.4103/sja.SJA_543_18
https://doi.org/10.1161/CIR.0000000000000918
https://doi.org/10.1161/CIR.0000000000000918
https://doi.org/10.1186/s13054-017-1604-6
https://doi.org/10.1186/s12871-015-0002-3
https://doi.org/10.1186/s12871-015-0002-3
https://doi.org/10.1097/mcc.0000000000000135
https://doi.org/10.1097/mcc.0000000000000135
https://doi.org/10.1186/s13054-019-2663-7
https://doi.org/10.1016/j.hrthm.2020.05.038
https://doi.org/10.1016/j.hrthm.2020.05.038
https://doi.org/10.1097/01.Ccm.0000295589.64729.6b
https://doi.org/10.1016/j.resuscitation.2020.06.009
https://doi.org/10.1016/j.resuscitation.2020.06.009
https://doi.org/10.1186/s13054-017-1744-8
https://doi.org/10.1186/s13054-017-1744-8
https://doi.org/10.1016/j.resuscitation.2016.09.006
https://doi.org/10.1016/j.resuscitation.2016.09.006
https://doi.org/10.1186/s13049-021-00931-0
https://doi.org/10.1186/s40560-020-00457-0
https://doi.org/10.1056/NEJMoa1405796
https://doi.org/10.1161/circulationaha.113.002408

Vahedian-Azimi et al. BMC Emergency Medicine

43.

44,

45.

46.

47.

(2024) 24:36

Welbourn C, Efstathiou N. How does the length of cardiopulmonary resusci-
tation affect brain damage in patients surviving Cardiac Arrest? A systematic
review. Scand J Trauma Resusc Emerg Med. 2018;26(1):77. https://doi.
0rg/10.1186/513049-018-0476-3.

Lee MJ, Ryu JH, Min MK, Lee DS, Yeom SR, Bae B-K et al,, : Predictors of survival
and good neurological outcomes after in-hospital cardiac arrest. In: 2021; 2021
Wang C-H, Chou N-K, Becker LB, Lin J-W, Yu H-Y, Chi N-H et al. Improved
outcome of extracorporeal cardiopulmonary resuscitation for out-of-hospital
Cardiac Arrest — a comparison with that for extracorporeal rescue for in-

hospital Cardiac Arrest. Resusc 2014, 85(9):1219-24. https://doi.org/10.1016/j.

resuscitation.2014.06.022.

Adnet F, Triba MN, Borron SW, Lapostolle F, Hubert H, Gueugniaud PY, et al.
Cardiopulmonary resuscitation duration and survival in out-of-hospital Car-
diac Arrest patients. Resuscitation. 2017;111:74-81. https://doi.org/10.1016/j.
resuscitation.2016.11.024.

Martinell L, Nielsen N, Herlitz J, Karlsson T, Horn J, Wise MP, et al. Early
predictors of poor outcome after out-of-hospital Cardiac Arrest. Crit Care.
2017;21(1):96. https://doi.org/10.1186/513054-017-1677-2.

48.

49.

Page 15 of 15

Twohig CJ, Singer B, Grier G, Finney SJ. A systematic literature review and
meta-analysis of the effectiveness of extracorporeal-CPR versus conventional-
CPR for adult patients in Cardiac Arrest. J Intensive Care Soc. 2019;20(4):347-
57. https://doi.org/10.1177/1751143719832162.

Park S, Lee SW, Han KS, Lee EJ, Jang D-H, Lee SJ, et al. Optimal cardiopulmo-
nary resuscitation duration for favorable neurological outcomes after out-
of-hospital Cardiac Arrest. Scand J Trauma Resusc Emerg Med. 2022;30(1):5.
https://doi.org/10.1186/513049-022-00993-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1186/s13049-018-0476-3
https://doi.org/10.1186/s13049-018-0476-3
https://doi.org/10.1016/j.resuscitation.2014.06.022
https://doi.org/10.1016/j.resuscitation.2014.06.022
https://doi.org/10.1016/j.resuscitation.2016.11.024
https://doi.org/10.1016/j.resuscitation.2016.11.024
https://doi.org/10.1186/s13054-017-1677-2
https://doi.org/10.1177/1751143719832162
https://doi.org/10.1186/s13049-022-00993-8

	﻿Prognostic effects of cardiopulmonary resuscitation (CPR) start time and the interval between CPR to extracorporeal cardiopulmonary resuscitation (ECPR) on patient outcomes under extracorporeal membrane oxygenation (ECMO): a single-center, retrospective 
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and ethical approval
	﻿Study population
	﻿Procedure for ECMO
	﻿Data collection
	﻿Definition and research instruments
	﻿Outcomes
	﻿Statistical analysis

	﻿Results
	﻿Demographic and clinical characteristics
	﻿Demographic and clinical outcomes according to NFT and LFT
	﻿Survival and neurological outcomes according to NFT and LFT
	﻿Prognostic impact of NFT and LFT on clinical outcomes
	﻿Predicting clinical outcomes by NFT and LFT
	﻿Predictive accuracy analysis: NFT vs. LFT

	﻿Discussion
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


