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Abstract
Aim: Estimating prognosis of patients treated with extracorporeal cardiopulmonary resuscitation (ECPR) is essential for selecting candidates. The

TiPS65 score can predict neurological outcomes of patients with out-of-hospital cardiac arrest (OHCA) treated with ECPR. We aimed to perform an

external validation of this score.

Methods: Data from the Japanese Association for Acute Medicine Out-of-Hospital Cardiac Arrest registry, a multicentred, nationwide, prospectively

registered database, were analysed. All adult patients with OHCA and shockable rhythm and treated with ECPR between January 2018 to December

2019 were included. In the TiPS65 score, age, call-to-hospital arrival time, initial cardiac rhythm at hospital arrival, and initial pH value were used as

predictors. The primary outcome was 30-day survival with favourable neurological outcomes (Cerebral Performance Category 1 or 2). Discrimina-

tion, using the C-statistic, and predictive performances of each score, such as sensitivity and specificity, were investigated.

Results: Of 590 included patients (517 [81.6%] men; median [interquartile range] age, 60 [50–69] years), 64 (10.8%) reported favourable neuro-

logical outcomes. The C-statistic of the TiPS65 score was 0.729 (95% confidence interval (CI): 0.672–0.786). When the cut-off of TiPS65 score was

set to >1, the sensitivity and specificity were 0.906 (95%CI: 0.807–0.965) and 0.430 (95%CI: 0.387–0.473), respectively; conversely, when the cut-

off was set to >3, they were 0.172 (95%CI: 0.089–0.287) and 0.971 (95%CI: 0.953–0.984), respectively.

Conclusions: The TiPS65 score shows reasonable discrimination and predictive performances. This score can be supportive in the decision-

making process for the selection of eligible patients for ECPR in clinical settings.
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Introduction

Extracorporeal cardiopulmonary resuscitation (ECPR) specifically

refers to the deployment of veno-arterial extracorporeal membrane

oxygenation (ECMO) before the return of spontaneous circulation

(ROSC) during cardiac arrest, and it is considered as one of the

advanced resuscitation procedures. Once initiated, the patient’s

blood is drained from a central vein and returned to the aorta after

being pumped through a membrane lung to provide gas exchange

and blood flow to vital organs in the absence of spontaneous cir-

culation.1 ECPR is expected to improve survival and neurological

and functional recovery in patients with out-of-hospital cardiac

arrest (OHCA), especially those with refractory ventricular fibrilla-

tion (VF).2–5 However, ECPR requires significant financial and per-

sonnel resources6,7 and is an invasive procedure that can cause

serious adverse events such as bleeding, limb ischaemia, and

infection.8,9 Therefore, it is important to select appropriate candi-

dates who are likely to be benefitted more from ECPR, rather than

applying it to all patients with OHCA. Although an international

expert consensus has recently been proposed,10 validated criteria

for the selection of patients for ECPR are insufficient. If the prog-

nosis of the patients treated with ECPR can be predicted, then

this may help clinicians select the appropriate patients.

Clinical prediction models can be useful tools for estimating the

prognosis of patients in emergency departments. Recently, the

TiPS65 scoring system was developed for predicting the neurologi-

cal outcomes of adult patients with OHCA treated with ECPR using

a nationwide OHCA registry in Japan.11 It is a simplified score involv-

ing four variables, namely, time from call to hospital arrival, pH value,

cardiac rhythm on hospital arrival, and age; the data that can be

easily collected on hospital arrival. The TiPS65 scoring system

showed good discrimination and calibration performance for predict-

ing favourable neurological outcomes of patients with OHCA and

shockable rhythm who were treated with ECPR.11 Although many

other prognostic prediction models have been developed for patients

with OHCA,12 very few have focused on patients requiring ECPR,

and the existing models related to ECPR have included only patients

with hypothermic cardiac arrest who underwent rewarming with

ECPR.13,14 Thus, TiPS65 is the only model that can predict out-

comes in patients with OHCA treated with ECPR. However, this

score has not yet been externally validated in other studies, and its

reproducibility needs to be evaluated for further application. This

study aimed to validate the predictive performance of the TiPS65

score using data different from the original study.
Methods

This study was reported according to the Transparent Reporting of a

multivariable prediction model for Individual Prognosis Or Diagnosis

(TRIPOD) statement.15 Study approval was granted by the Ethics

Committee of the Kyoto University Graduate School of Medicine

(R1045) and the participating hospitals. The requirement for individ-

ual patient consent was waived due to the observational nature of the

study.

Study design and setting

This observational study analysed data from the Japanese Associa-

tion for Acute Medicine Out-of-Hospital Cardiac Arrest (JAAM-
OHCA) registry, a nationwide, multicentre, prospectively registered

database of OHCA patients who are transported to hospitals in

Japan. The details of the registry are described elsewhere.16 In brief,

the registry includes pre-hospitalisation information collected by

emergency medical services (EMS) using the standardised Utstein-

style template17 and in-hospital data, including treatments and out-

comes reported by the physicians or clinical data administrators, at

each institution. As of December 2019, 83 hospitals in Japan, includ-

ing university hospitals and/or tertiary critical care centres, were par-

ticipating in this registry. In total, 57,754 patients have been

registered from June 2014 to December 2019, and their data are cur-

rently available.

Data from January 2018 to December 2019 were used in the cur-

rent validation study, while data from January 2014 to December

2017 were used in the score development study.11 For the validation

study, the duration was chosen as the period prior to publication of

the original study. The validation study cohort included all participat-

ing 68 hospitals where eligible patients were treated, while the devel-

opment cohort included 35 of these hospitals. Hence, our study can

be regarded as a temporal and geographical validation study. As the

same registry was used in both studies, the definitions of predictors

and outcomes were identical.

Participants

We included all adult patients (age =18 years) with OHCA and

shockable rhythm who were treated with ECPR. Patients with shock-

able rhythm were identified by any of the following parameters: those

with VF or pulseless ventricular tachycardia confirmed by parame-

dics at the scene or clinicians at hospital arrival, those defibrillated

by bystanders with public access automated external defibrillators

(AEDs), or those defibrillated by paramedics before hospital arrival.

ECPR was defined as emergency veno-arterial ECMO in patients

who had sustained cardiac arrest at the time of hospital arrival.

The decision to perform ECPR was made by the attending physician.

Patients who were not resuscitated in the hospital, such as those

with rigor mortis or do-not-resuscitate orders, were excluded. The fol-

lowing were also excluded: patients transported to the participating

hospitals after receiving any treatment at other hospitals, patients with

traumatic cardiac arrest, patients with no pre-hospital data, patients

with confirmed spontaneous resuscitation at the time of hospital arri-

val, and patients who opted out of the study. These eligibility criteria

were the same as those used in the original development study.11

Outcome measurements

The Cerebral Performance Category (CPC) was used to determine

the neurological outcomes, where CPC 1 denotes good cerebral per-

formance; CPC 2, moderate cerebral disability; CPC 3, severe cere-

bral disability; CPC 4, coma or vegetative state; and CPC 5, death.18

The primary outcome of our study was 30-day survival with favour-

able neurological outcomes, as defined by CPC 1 or 2. The CPC

was determined by the attending physician. Since the original devel-

opment study was not published during our study period, the out-

comes were assessed without the use of the TiPS65 score.

Prediction model of interest

TiPS65 is the acronym of its constituent variables: Ti, time from the

call for an ambulance to hospital arrival, �25 min; P, pH value on

admission, �7.0; S, shockable rhythm on hospital arrival; and 65,

age � 65 years.10 One point is assigned to each of these four predic-

tors, and the total score ranges from 0 to 4 points. We used the same
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predictors that were used in the original study. All these variables can

be measured objectively. The TiPS65 scoring system is summarised

in Table 1.

Sample size estimation

In this study, we used the data that were not used in the original

development study. It has been suggested that at least 100 events

are required for the external validation of prediction models.19

Although the number of events in the study cohort was expected

to be less than 100, this registry is the largest database of patients

with OHCA, including information about ECPR in Japan, and there

is no alternative database available.

Data collection

We extracted relevant clinical information such as sex, age, bystan-

der cardiopulmonary resuscitation (CPR), initial rhythm at the scene

and hospital arrival, and 30-day survival status from the registry. The

definitions of the variables are listed in Additional file eTable 1. To

calculate the TiPS65 score for the patients, the continuous variables

included in the score were categorised according to the cut-offs

specified in the ‘Prediction model of interest’ section. We performed

nonparametric missing value imputation using the ‘missForest’ algo-
Table 1 – TiPS65 scoring system.

Variable Score

Time from call to hospital arrival � 25 min 1

pH � 7.0 1

Shockable on hospital arrival 1

Age � 65 years 1

Sum 4

Abbreviations: TiPS65, time from call to hospital arrival; pH, pH in initial blood

gas assessment; shockable, shockable rhythm on hospital arrival.

Fig. 1 – Study flowchart. JAAM-OHCA, Japanese Associat

ROSC, return of spontaneous resuscitation; ECPR, extraco
rithm in R package.20 Missing values were imputed by an algorithm

with a random forest using the other variables in the matrix as predic-

tors. The imputation approach was repeated until prediction accu-

racy was stable. Then the matrix with no missing values was

returned. We included all available patient characteristics and out-

comes in the matrix applying this imputation method. Furthermore,

we performed a complete case analysis using the data with no miss-

ing value for the four variables of the TiPS65 score as a sensitivity

analysis. The details of missing data are available in Additional file

eTable 2.

Statistical analysis

Patient characteristics were described using medians and interquar-

tile ranges (IQRs) for continuous variables and numbers and per-

centages for categorical variables. To assess the discrimination

performance, we calculated the C-statistic and 95% confidence inter-

vals (CIs) for the TiPS65 score. We showed the observed outcome

probabilities with 95% CIs for each score. In addition, we visually

compared the observed outcomes and the predictive probabilities

of the outcomes for each TiPS65 score category (0, 1, 2, 3–4)

derived from the original study11 using a bar plot.

We considered the need for updating the model by evaluating the

discrimination and calibration performances and by using a closed

testing procedure,21 a method that compared the following model

updates: 1) updating the intercept; 2) updating both, intercept and

slope; and 3) re-estimating the model coefficients. P values < 0.05

were considered statistically significant in the closed test procedure.

In this updating evaluation, we used the logistic regression formula

developed in the original study11 (Additional file eAppendix 1). To

assess the prognostic accuracy for each TiPS65 score, we calcu-

lated the sensitivity, specificity, positive predictive value (PPV), neg-

ative predictive value (NPV), positive likelihood ratio (LR+), and

negative likelihood ratio (LR�) with 95% CIs. Moreover, we per-

formed a decision curve analysis to assess the net benefit and clin-
ion for Acute Medicine Out-of-Hospital Cardiac Arrest;

rporeal cardiopulmonary resuscitation.
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ical usefulness of the score22 for our validation cohort. The following

four strategies for selecting patients for ECPR were compared:

selecting all patients for the intervention (treat all), selecting no

patients (treat none), selecting patients using predicted probability

based on age alone, and selecting patients using the TiPS65 score.

The net benefit and decision curve analysis are detailed in Additional

file eAppendix 2. All statistical analyses were performed using R soft-

ware (version 4.1.0).

Results

Patient characteristics

Of the 57,754 patients in the JAAM-OHCA registry, 590 patients

treated with ECPR were included in the analysis (517 [87.6%]

men; median [IQR] age, 60 [50–69] years) (Fig. 1; Table 2). Most

patients had witnessed cardiac arrest (78.1%), and more than half

had received bystander CPR (58.3%); 151 (26%) had survived the

30-day period, and 64 (10.8%) showed favourable neurological out-

comes after 30 days. Other patient characteristics including pre- and

in-hospital data are listed in Table 2. The characteristics of this val-

idation cohort were generally comparable to those of the TiPS65
Table 2 – Patient characteristics.

Characteristic Overall, N =

Men 517 (87.6)

Age, years

Median 60 (50, 69)

18–64 358 (60.7)

65–74 166 (28.1)

�75 66 (11.2)

Witnessed 461 (78.1)

Bystander CPR 344 (58.3)

Shock by public access AEDs 64 (10.8)

Shock by paramedics 572 (96.9)

Initial rhythm confirmed by paramedics at the scene

Shockablea 473 (80.2)

Nonshockableb 117 (19.8)

Initial rhythm on hospital arrival

Shockablea 347 (58.8)

Nonshockableb 243 (41.2)

Time from call to hospital arrival, min

Median 31 (25, 38)

�25 153 (25.9)

26–35 240 (40.7)

36–45 135 (22.9)

>45 62 (10.5)

Treated by tertiary centre 559 (95)

Initial pH on hospital arrival

Median 6.96 (6.86,

�7.0 221 (37.5)

6.9–7.0 163 (27.6)

6.8–6.9 125 (21.2)

<6.8 81 (13.7)

Time from call to blood gas, min 44 (35, 58)

Time from call to ECPR start, min 55 (46, 67)

Continuous variables are described as median (IQR, interquartile range). Categor

CPR, cardiopulmonary resuscitation; AED, automated external defibrillator; ECP
a Shockable: ventricular fibrillation (VF) and pulseless ventricular tachycardia (V
b Nonshockable: pulseless electrical activity (PEA) and asystole.
development cohort (Additional file eTable 3). The characteristics

of the complete case analysis cohort are summarised in Additional

file eTable 4.
Model performance

The C-statistic of the TiPS65 score was 0.729 (95%CI: 0.672–

0.786). The proportions of observed outcomes for TiPS65 scores

of 0, 1, 2, 3, and 4 with 95%CIs were 0.0% (0.0–9.0%), 3.1%

(1.1–6.6%), 12.2% (8.2–17.2%), 18.2% (11.5–26.7%), and 42.3%

(23.4–63.1%), respectively (Fig. 2). The complete case analysis

showed generally similar results (Additional file eFigure 1). The pre-

dicted probabilities derived from the original TiPS65 study and

observed outcomes for each TiPS65 score category are described

in Additional file eFigure 2. Although the TiPS65 score tended to

slightly overestimate the probabilities of outcomes for patients with

high scores, these were generally consistent. The calibration plot

of the logistic regression formula prediction model is also illustrated

in Additional file eFigure 3. Since the intercept was �0.273, we con-

sidered it may be appropriate to update the model. However, the

closed test showed no statistically significant difference between

the original and the updated models; hence, we retained the original
30-day neurological outcome

590 Favourable, N = 64 Unfavourable, N = 526

55 (85.9) 462 (87.8)

56 (45, 64) 61 (51, 69)

48 (75.0) 310 (58.9)

12 (18.8) 154 (29.3)

4 (6.2) 62 (11.8)

56 (87.5) 405 (77.0)

37 (57.8) 307 (58.4)

7 (10.9) 57 (10.8)

62 (96.9) 510 (97.0)

54 (84.4) 419 (79.7)

10 (15.6) 107 (20.3)

56 (87.5) 291 (55.3)

8 (12.5) 235 (44.7)

27 (22, 35) 31 (26, 39)

28 (43.8) 125 (23.8)

21 (32.8) 219 (41.6)

10 (15.6) 125 (23.8)

5 (7.8) 57 (10.8)

60 (94) 499 (95)

7.06) 7.02 (6.88, 7.13) 6.95 (6.85, 7.04)

34 (53.1) 187 (35.6)

12 (18.8) 151 (28.7)

11 (17.2) 114 (21.7)

7 (10.9) 74 (14.1)

45 (35, 58) 44 (35, 58)

48 (42, 60) 56 (47, 68)

ical variables are described as number (%).

R, extracorporeal cardiopulmonary resuscitation.

T).
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outcomes and patients for each score.
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model. The details of the updated models are summarised in Addi-

tional file eFigure 4–6.

The predictive accuracies (sensitivity, specificity, PPV, NPV, LR

+, LR�) are summarised in Table 3. When the cut-off of TiPS65

score was set to > 1, the sensitivity and specificity were 0.906

(95%CI: 0.807–0.965) and 0.430 (95%CI: 0.387–0.473), respec-

tively; conversely, when the cut-off was set to > 3, they were 0.172

(95%CI: 0.089–0.287) and 0.971 (95%CI: 0.953–0.984), respec-

tively. The complete case analysis also showed similar results (Addi-

tional file eTable 5). Furthermore, we performed a decision curve

analysis (Additional file eFigure 7). The net benefit of using this score

was greater than that of using other strategies at almost all threshold

probabilities.

Discussion

Key observations and strengths

In this multicentre cohort study, the TiPS65 score showed reason-

able external validity for predicting the neurological outcomes of

patients with OHCA treated with ECPR. The C-statistic of the model

was 0.729 (95%CI: 0.672–0.786), which is comparable to the C-

statistic reported in the original development study (0.741, 95%CI:

0.682–0.792). At a cut-off score of >1, the TiPS65 score showed high

sensitivity (0.906, 95%CI: 0.807–0.965), while at a cut-off score of

>3, it showed high specificity (0.971, 95%CI: 0.953–0.984).

The TiPS65 score has some advantages compared to other mod-

els for OHCA patients. First, clinical prediction models need to be

externally validated to ensure reproducibility and generalisability

before they are applied in clinical practice, but some of the models

for patients with OHCA have not been externally validated for differ-

ent data or settings.23–25 However, we have conducted rigorous tem-

poral and geographical external validation of the TiPS65 scoring

system using a nationwide registry. Second, the TiPS65 score
includes variables that are available immediately after the arrival of

patients with OHCA at the hospital. Previous studies suggested that

prolonged low-flow duration before ECPR resulted in unfavourable

neurological outcomes.26,27 Hence, a prompt decision to initiate

ECPR is desirable. In a previous study, current heart disease and

ECMO blood flow were suggested to be prognostic factors for

patients after ECPR,28 but information regarding these parameters,

which could be used in decision-making for the application of ECPR,

is difficult to obtain during the initial period of resuscitation. However,

the TiPS65 variables such as age, time, and initial rhythm are rou-

tinely collected from patients at hospital arrival, and the pH value

can be obtained by blood gas analysis during femoral cannulation,

which can help in deciding the initiation of ECPR.

Interpretation of the results

The TiPS65 score slightly overestimated the probabilities of favour-

able outcomes, especially for patients with high scores. This could

be because the absolute number of outcomes in the population

was small. However, in most clinical settings, the threshold probabil-

ity for implementing ECPR is assumed to be approximately 20–25%,

based on the mean probability of good neurological outcomes

reported in a previous systematic review.29 Accordingly, even if the

predictive probability for good prognosis is overestimated, such as

at TiPS65 scores of 3 or 4, it would not have a significant impact

on the decision-making process for the implementation of ECPR.

Moreover, the calibration intercept (�0.273) was lower than the ideal

value of 0, indicating that the incidence of outcomes was lower in this

validation cohort than in the original cohort, but the actual difference

of the incidence was small (10.8 vs 12.4%). This may be the reason

why the closed test result did not support updating the TiPS65

model. Our study sample size was small, and this could have com-

promised the model’s performance including the intercept and the

statistical power of the tests for model updates.
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Clinical implications

Our findings have some important implications for actual clinical set-

tings. First, the TiPS65 score can assist the decision-making process

for initiating ECPR. For example, if the score is 1 or 0, the LR� for a

good prognosis is adequately low; hence, most physicians would

consider it reasonable not to perform ECPR. In contrast, if the score

is 4, the LR+ for a good prognosis is high; therefore, aggressive

treatment with ECPR can be considered. If the score is 2 or 3, the

probability of a good prognosis is estimated to be approximately

15%. Since this is not considered a sufficient threshold for all clini-

cians to implement ECPR, the decision-making should be based

on the experience of the physician, patient values, and circum-

stances. Thus, the TiPS65 score can promote appropriate allocation

of medical resources and prevent unnecessary resuscitation

attempts. Second, the TiPS65 score may help researchers select

the target populations for future clinical trials. ECPR should be used

only for those patients who would benefit from it;30 therefore, it is

important to select eligible candidates for studies examining the effi-

cacy of ECPR. The eligibility criteria of recent randomised controlled

trials (RCTs) of ECPR versus conventional CPR for OHCA are dis-

cordant,5,31 contributing to the heterogeneity of the results. Hence,

models such as the TiPS65 score can be used to develop standard-

ised eligibility criteria for clinical trials. In addition, our results may

contribute to the development of tailored treatment strategies for this

group of patients.

Limitations

This study has several limitations. First, the indications for ECPR and

patient management practices after ECPR at the participating hospi-

tals were not specified. However, since the Japanese EMS system

and medical insurance system is well developed and most of the

included hospitals were university hospitals and/or tertiary critical

care centres, we assumed that the patients received standard care

including ECPR based on standard clinical practice guidelines. Sec-

ond, if the treatment strategy is determined according to the vari-

ables of the TiPS65 score, it can lead to a self-fulfilling prophecy

bias, which increases the risk of overestimating model perfor-

mance.32 However, we believe this bias was minimised because

our study period did not extend beyond the date of publication of

the original study. Third, there were only 26 of 590 at the TiPS65

cut-off score of >3. Hence the accuracy in the estimates of the pre-

dictive performance may be limited. Fourth, this study did not exam-

ine the impact of the utilisation of the TiPS65 score on clinical

outcomes. The effectiveness of treatment strategies based on this

score should be examined in future interventional studies. Finally,

the generalisability of theTiPS65 score to other countries has not

been validated, since our study focused on temporal and geographic

validation and evaluation of the reproducibility of the model perfor-

mance in the context of the Japanese population only. Model perfor-

mance tends to decline in settings with different proportions of

outcomes and effects of predictors.33 Therefore, further studies are

needed to assess the validity of this scoring system in other indepen-

dent settings.

Conclusion

We validated the TiPS65 score externally for predicting the neurolog-

ical outcomes of patients with OHCA treated with ECPR; the score

showed favourable discrimination and predictive performances.
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The use of this score is expected to be helpful in the decision-making

process for initiating ECPR in actual clinical settings.
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