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Abstract 35 

Aim: We examined whether outcomes of paediatric out-of-hospital cardiac arrest (OHCA) are 36 

associated with a hospital characteristic defined by the annual number of invasive mechanical 37 

ventilation cases, suggesting hospitals’ experience in caring for severely ill paediatric patients. 38 

Method: We analysed the Japanese Diagnosis Procedure Combination database from 2010 to 39 

2017. We identified children (<18 years) with OHCA and post-resuscitation intensive care 40 

(defined as invasive mechanical ventilation and/or catecholamine infusion). Hospitals were 41 

divided into four groups by mean annual number of paediatric cases involving invasive 42 

mechanical ventilation. The primary outcome was in-hospital mortality, and the secondary 43 

outcome was unfavourable outcomes (death or medical care dependency at discharge). 44 

Multivariable logistic regression analyses were conducted to examine the relationship 45 

between hospitals’ experience and outcomes. 46 

Results: We included 2,540 paediatric OHCA patients from 385 institutions. Overall 47 

in-hospital mortality was 62.4%, with rates of 69.6%, 61.3%, 61.8%, and 57.0% in hospitals 48 

with low (≤48 cases/year), low-intermediate (48–110), high-intermediate (110–164), and high 49 

(>164) experience levels (P < .001), respectively. Compared to hospitals with low experience, 50 

adjusted odds ratios (95% confidence interval) for hospitals with low-intermediate, 51 

high-intermediate, and high experience were as follows: primary outcome: 0.64 (0.40–1.01), 52 

0.67 (0.42–1.05), and 0.46 (0.31–0.70), respectively; secondary outcome: 0.93 (0.55–1.57), 53 

0.95 (0.63–1.43), and 0.67 (0.46–0.96), respectively. 54 

Conclusion: Japanese hospitals with higher experience in caring for severely ill paediatric 55 

patients showed lower mortality for paediatric OHCA. This fact should be considered by the 56 

Emergency Medical Systems when deciding transport strategy. 57 

 58 

Keywords: children; cardiopulmonary resuscitation; mechanical ventilation; out-of-hospital 59 

cardiac arrest; volume-outcome relationship 60 

 61 

 62 
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Introduction 64 

Despite current progress in healthcare system, the survival rate following paediatric 65 

out-of-hospital cardiac arrest (OHCA) is low at approximately 15%.
1,2

 Recent studies have 66 

shown that new treatment strategies, such as extracorporeal membrane oxygenation (ECMO), 67 

targeted temperature management (TTM), and early coronary intervention, could improve 68 

outcomes in adults.
3,4

 However, because of its rarity and unusual pathophysiology, the most 69 

effective strategy for paediatric OHCA treatment remains unclear.
5,

 
6
 70 

The relationship between hospital volume (the average number of patients with the 71 

disease of interest in each hospital) and patient outcomes has been widely examined in 72 

surgical and acute-care settings.
7
 Some previous studies show that the mortality rate for adult 73 

OHCA patients transferred to high-volume institutions was lower than that of those in 74 

low-volume institutions; this probably occurred because high-volume institutions are well 75 

equipped and experienced.
8,9, 10, 11,

 
12, 13

 However, in paediatric intensive care units, evidence 76 

demonstrating a relationship between hospital volume and patient outcomes is scarce.
14, 15,16

 77 

Because the rarity of paediatric OHCA, many hospitals experience few or no cases annually. 78 

Therefore, hospital volume could be an unsuitable indicator of staff proficiency or equipment 79 

in the management of paediatric OHCA. A recent Japanese study suggested that institutional 80 

paediatric OHCA case volume was associated with 1-month survival after cardiac arrest.
17

 81 

However, the study included only large emergency hospitals in a limited area in Japan, which 82 

restricted the generalisability of the results. 83 

We expected the number of paediatric cases involving invasive mechanical 84 

ventilation to be a useful index of the management of paediatric OHCA patients (i.e. 85 

measuring the ‘experience’ of each hospital), because paediatric invasive mechanical 86 

ventilation is a highly skilled procedure and potentially reflects hospitals’ capability to care 87 

for severely ill paediatric patients. In addition, the number of paediatric patients using 88 
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invasive mechanical ventilation is generally much higher relative to that of paediatric OHCA 89 

patients. We hypothesised that hospitals with high experience levels (measured as the average 90 

annual number of paediatric cases involving invasive mechanical ventilation) would produce 91 

superior outcomes for paediatric OHCA patients. To test this hypothesis, we conducted a 92 

retrospective cohort study using a Japanese national inpatient claims database. 93 

 94 

Method 95 

Data source 96 

We used The Japanese Diagnosis Procedure Combination (DPC) database.
18

 Briefly, the 97 

database includes hospital discharge abstract and administrative claims data from more than 98 

1,000 voluntarily participating hospitals in Japan. Large hospitals are more likely to submit 99 

data to the database: all 82 academic hospitals and over 90% of tertiary care emergency 100 

hospitals contribute, and more than 400,000 paediatric patients are enrolled each year.
19

 The 101 

dataset includes hospital identification number, hospital academic status, patient demographic 102 

characteristics, admission and discharge dates, main and comorbid diagnoses at admission, 103 

and complications during hospitalisation (which were coded according to the International 104 

Classification of Diseases [ICD-10]), discharge status, procedure or operation dates and codes 105 

(in Japanese), and prescribed medicines. Physicians attended to patient records to establish 106 

diagnoses at discharge.  107 

Because the anonymous nature of the data, informed consent was waived when the 108 

study was approved by the Institutional Review Board at the University of Tokyo. 109 

 110 

Study population 111 

In the DPC database for the 2010 to 2017 fiscal years, we identified children younger than 18 112 

years old who were admitted through the emergency room with an admission diagnosis of 113 
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ICD-10 code I46.0 (cardiac arrest with successful resuscitation), I46.1 (sudden cardiac death), 114 

I46.9 (cardiac arrest, unspecified), I49.0 (ventricular fibrillation), or I47.2 (ventricular 115 

tachycardia), and performed post-resuscitation intensive care (defined as invasive mechanical 116 

ventilation or catecholamine infusion) after admission. In-hospital cardiac arrest (IHCA) was 117 

not included.  118 

We excluded patients who were transferred to another hospital within 2 days of 119 

admission or transferred from other hospitals to the current hospital. Further, we excluded 120 

patients who were admitted to neonatal intensive care units, died in the emergency room, 121 

were admitted to hospitals that did not participate in the DPC database continuously between 122 

2010 and 2017, and who had missing zip code data.  123 

 124 

Exposure and outcome 125 

The exposure of interest in this study was a hospital characteristic, defined as the mean annual 126 

number of paediatric cases involving invasive mechanical ventilation, as a proxy for hospitals' 127 

experience in caring for severely ill paediatric patients. According to previous research,
19

 we 128 

divided the studied hospitals into four categories (low, low-intermediate, high-intermediate, 129 

and high experience levels), with equal numbers of patients in each category. 130 

The primary outcome was in-hospital mortality, and the secondary outcome was 131 

unfavourable discharge status defined as either death or new-onset medical care dependency 132 

at discharge. We regarded patients as dependent on medical care if any type of respiratory 133 

support (including oxygenation, non-invasive positive pressure ventilation, and nasal 134 

high-flow therapy) or tube feeding (via nasogastric tube or gastrostomy) was provided on the 135 

day of discharge. 136 

 137 

Covariates 138 
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The following covariates were extracted as potential confounding factors in the association 139 

between hospitals’ experience and outcomes: hospital characteristics including academic 140 

status (university hospital or other) and board-certified status in emergency care; patient 141 

characteristics including age, sex, year of hospitalisation, diagnosis of comorbidities (trauma, 142 

congenital heart disease, or congenital anomaly other than congenital heart disease) at 143 

admission, and procedures performed during hospitalisation (invasive mechanical ventilation, 144 

catecholamine infusion, TTM, ECMO, and continuous hemodiafiltration). 145 

In addition, we calculated the distance between patients’ homes and the hospitals to 146 

which they were transferred, as the best available proxy for transfer distance in the current 147 

dataset. The zip code centroids for patients’ homes and destination hospitals were ascertained 148 

via decimal longitude and latitude degrees. The ellipsoidal distance was then calculated 149 

between the two points along the surface of a mathematical model of the earth based on the 150 

World Geodetic System, 1984 datum. We acknowledged that paediatric OHCA could have 151 

occurred at a location distant from patients’ homes. However, a previous study suggested that 152 

most paediatric OHCA occurred at home, with a concordance rate of 83.5%.
20

 In addition, 153 

considering that most children’s daily lives (e.g. going to school) revolve around their homes 154 

in Japan, the distance between their homes and hospitals could be a good proxy for transfer 155 

distance for the purpose of confounding-variable adjustment.  156 

 157 

Statistical analysis 158 

We presented patient and hospital characteristics for the four groups according to hospitals’ 159 

experience levels (low, low-intermediate, high-intermediate, and high). Continuous variables 160 

are presented as medians and interquartile range (IQR), and categorical variables are 161 

presented as numbers and proportions. To assess the trends for the characteristic within the 162 

four categories, we conducted Cuzick's test for non-parametric continuous variables and 163 
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Cochrane-Armitage test for categorical variables.  164 

We estimated in-hospital mortality overall and by the four groups and determined 165 

whether in-hospital mortality tended to be increased (or decreased) according to hospitals' 166 

experience, using the Cochrane-Armitage test. We then performed a multivariable logistic 167 

regression analysis to examine the independent association between the four groups and 168 

in-hospital mortality, taking account of clustering by hospital using robust standard errors. We 169 

adjusted for the aforementioned covariates (i.e. academic and emergency centre certification 170 

of hospitals; patient characteristics including age, sex, year of hospitalisation, transport 171 

distance, diagnosis of comorbidities at admission; and procedures performed during 172 

hospitalisation). We repeated the analyses for the secondary outcome.  173 

To examine the robustness of our analysis, we conducted several additional analyses. 174 

First, we conducted a stratified analysis by age group: infants (age <1), toddler (≧1, <6) and 175 

school age (≧6, <18). Second, we conducted subgroup analysis in patients with and without a 176 

diagnosis of ventricular fibrillation or ventricular tachycardia (Vf/VT) at admission. This was 177 

because previous studies suggested that, of the wide variety of underlying causes of OHCA, 178 

Vf/VT showed clearly better outcomes 
1,21

 Third, we restricted the analysis to patients without 179 

congenital heart disease. Finally, for potential concern that the selection of cut-off point in 180 

defining the hospital category could change the conclusion, we conducted sensitivity analyses 181 

by (i) dividing the studied hospitals into three categories (instead of four), and (ii) regarding 182 

the exposure (i.e. mean annual number of paediatric cases involving invasive mechanical 183 

ventilation) as a continuous variable in the multivariable logistic regression analysis. 184 

All tests were two tailed, and p values of < .05 were considered statistically 185 

significant. All analyses were performed using STATA version 15 (StataCorp, Texas, USA). 186 

 187 

Results 188 
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In total, 7,074 paediatric patients were admitted to 656 institutions with cardiac-arrest-related 189 

diagnoses between 2010 and 2017 (Figure 1). The median paediatric OHCA case load in each 190 

institution was 5 (IQR: 2–17) during the 8-year study period. Of note, 150 and 372 191 

institutions had treated only one case and fewer than eight cases of paediatric OHCA during 192 

this period (i.e. less than one case per year), respectively. After we applied the exclusion 193 

criteria, 2,540 patients from 385 institutions, including 624 patients in hospitals with low 194 

experience (0–48 paediatric cases with invasive mechanical ventilation/year), 626 patients in 195 

hospitals with low-intermediate experience (48–101 cases/year), 651 patients in hospitals with 196 

high-intermediate experience (101–164 cases/year), and 639 patients in hospitals with high 197 

experience levels (>164 cases/year), were ultimately included in the analysis. Patients 198 

admitted to hospitals with more experience were younger, more likely to travel further to 199 

hospital from home, have been diagnosed congenital disease with or without cardiac defect, 200 

and less likely to have trauma, relative to patients admitted to hospitals with less experience 201 

(Table 1).  202 

The number and proportion of primary and secondary outcomes by hospital category 203 

are shown in Figure 2. The in-hospital mortality was 62.4% (1,584/2,540) overall, and it 204 

tended to be lower in hospitals with higher experience levels (P for trend <.001). The 205 

incidence of the secondary outcome was 68.5% (1,739/2,540) overall, and it tended to be 206 

lower in hospitals with higher experience levels (P for trend <.001). 207 

Compared to hospitals with low experience, unadjusted odds ratios (ORs) and 95% 208 

confidence intervals (CIs) for in-hospital mortality were 0.94 (0.78–1.37), 0.97 (0.80–1.16), 209 

and 0.74 (0.62–0.89) for hospitals with low-intermediate, high-intermediate, and high 210 

experience levels, respectively (Table 2). After adjusting for covariates, adjusted ORs (95% 211 

CI) for in-hospital mortality were 0.63 (0.40–1.01), 0.67 (0.42–1.05), and 0.46 (0.31–0.70) for 212 

hospitals with low-intermediate, high-intermediate, and high experience levels, respectively. 213 
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The adjusted ORs (95% CI) for the secondary outcome were 0.93 (0.55–1.57), 0.95 214 

(0.63–1.43), and 0.67 (0.46–0.96) for hospitals with low-intermediate, high-intermediate, and 215 

high experience levels, respectively (Table 3). 216 

In stratified analysis by age group, similar trends to the main analysis were observed 217 

(Table 4). In the subgroup analysis of patients without a Vf/VT diagnosis, the result was 218 

consistent with the main analysis (Supplement Table 1). We were unable to conduct a 219 

multivariable regression analysis of patients with Vf/VT, because of the small sample size and 220 

number of outcomes; the in-hospital mortality rate for patients with a diagnosis of VF/VT was 221 

7.4% (31/417). Exclusion of a small number of patients without congenital heart disease 222 

showed similar results (Supplement Table 2). When we divided the studied hospitals into 223 

three categories; low (<66 paediatric cases with invasive mechanical ventilation/year), 224 

intermediate (>=66, <137), and high (>=137) experienced group, the results showed a similar 225 

trend (Supplement Table 3). When we regarded the exposure (i.e. mean annual number of 226 

paediatric cases involving invasive mechanical ventilation) as a continuous variable, the 227 

adjusted OR (95%CI) per 100 cases/year increase was 0.85 (0.78-0.94). 228 

 229 

Discussion  230 

To our knowledge, this is the first study to examine the relationship between hospitals’ 231 

capability to provide intensive care for paediatric patients and in-hospital outcomes for 232 

paediatric OHCA. The results showed that hospitals with high experience levels showed 233 

lower in-hospital mortality rates, relative to those in hospitals with low experience levels, for 234 

paediatric OHCA patients in post-resuscitation management.  235 

The overall in-hospital mortality rate (following admittance and initiation of 236 

intensive care) was 64.6%. Although data regarding outcomes for paediatric OHCA are 237 

limited, previous studies conducted in the UK and Australia reported that the intra-paediatric 238 
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intensive care unit mortality rate following paediatric OHCA was 50%.
22, 23

 The difference in 239 

adjusted ORs for in-hospital mortality between the hospitals with high and low experience 240 

levels was remarkable. Though not statistically significant, mortality rates in the middle two 241 

groups (i.e. hospitals with high-intermediate and low-intermediate experience) were also 242 

lower relative to those with low levels of experience. These trends were consistent with our 243 

hypothesis.  244 

Most previous studies examining adult OHCA reported that patients admitted to 245 

high-volume hospitals showed better outcomes, relative to those observed in low-volume 246 

hospitals,
3, 9, 10, 8, 13

 while one study showed the opposite.
11

 Moreover, only one study has 247 

examined paediatric OHCA and reported that the paediatric OHCA case load in each 248 

institution was associated with 1-month survival following cardiac arrest.
17

 The study used 249 

data from voluntarily participating, large emergency hospitals within a limited area consisting 250 

of primary urban areas. However, the incidence of paediatric OHCA is rare, and grouping 251 

them by frequency is impractical. Indeed, results of our study showed that more than half 252 

(372/656) of hospitals providing OHCA treatment had encountered one or no cases annually. 253 

Thus, a widely adaptable indicator for quality of care in resuscitated OHCA children has not 254 

yet been proposed. 255 

Invasive mechanical ventilation is the most frequently used and fundamental 256 

procedure in intensive care. A previous article reported that the number of patients undergoing 257 

invasive mechanical ventilation in hospital was associated with improved outcomes. 
19

 258 

Patients with unstable respiratory, haemodynamic, or neurological conditions following 259 

resuscitation after OHCA require respiratory care provided by highly qualified medical 260 

professionals, in addition to specific post-cardiac arrest care including TTM and ECMO. Thus, 261 

we expected the annual number of paediatric cases involving invasive mechanical ventilation 262 

to reflect the quality of paediatric intensive care and be associated with OHCA outcomes in 263 
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children. The results of this study suggest that, when a child was resuscitated from OHCA and 264 

require intensive care afterwards, those admitted to hospital with larger cases of paediatric 265 

invasive mechanical ventilation (>164 cases/year, approximating >1 case every 2 days) could 266 

have better outcomes than those admitted to hospitals with fewer cases (0–48 cases/year, 267 

approximating <1 case per week). A previous study reported that outcomes following 268 

paediatric IHCA were not associated with various hospital-volume parameters including the 269 

number of invasive mechanical ventilation cases.
24

 Moreover, in IHCA, the incidence rate and 270 

underlying conditions could interact with other hospital characteristics.  271 

The development of resuscitation centres has been discussed in previous articles,
25,

 
26

 272 

some of which suggested that direct transportation of adult patients with OHCA to 273 

resuscitation centres or facilities with high levels of relevant experience improved patient 274 

outcomes. 
9,10, 27,28

 The integration of patients could aid in the maintenance of the quality of 275 

resuscitation, standardized post-resuscitation care in adults, and the same could be said for the 276 

paediatric population. The centralisation of paediatric OHCA in children’s hospitals could be 277 

a suitable means of achieving this: staff and equipment at these hospitals are well suited to 278 

paediatric resuscitation and intensive care. A previous study reported that paediatric admission 279 

to children’s hospitals improved outcomes for in-hospital cardiac arrest and OHCA.
29, 30

 280 

Because the effectiveness of resuscitation centres could vary between disease categories, 281 

healthcare systems, and landscapes, studies examining paediatric OHCA in each region are 282 

required. 283 

The study was subject to several limitations. First, this observational study suggested 284 

just an association, which does not necessarily mean causation. Next, although it included 285 

most large and acute-care hospitals in Japan, they were not selected randomly from all 286 

Japanese hospitals. Therefore, the generalisability of the findings to hospitals that do not 287 

submit data to the database is limited. Furthermore, the results are not extrapolatable to other 288 
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countries with different health systems. In addition, the selection of the study participants was 289 

based on ICD-10 codes I46.0 (cardiac arrest with successful resuscitation), I46.1 (sudden 290 

cardiac death), I46.9 (cardiac arrest, unspecified), I49.0 (ventricular fibrillation), and I47.2 291 

(ventricular tachycardia) as admission diagnoses. However, misclassification of diagnoses 292 

could have occurred when attending physicians coded the diagnoses. A previous validation 293 

study examining DPC data demonstrated high specificity (exceeding 96%) for several 294 

diagnoses
31

, but the validity of cardiac arrest-related diagnoses is unknown. Furthermore, 295 

misclassification of transport distance could have occurred, because we calculated the 296 

distance between patients’ home and the hospitals as the best available proxy for transport 297 

distance. Moreover, there could have been residual or unmeasured confounding factors 298 

affecting the association between the hospital category and paediatric OHCA outcomes. 299 

Although we have adjusted for year of hospitalisation, there may be residual confounding 300 

associated with potential changes on post-CPR quality along the years. The DPC does not 301 

contain pre-hospital or pre-resuscitation information (except for VF/VT diagnosis and the 302 

distance between patients’ home address and hospitals), such as witness of cardiac arrest, 303 

paramedic response time for CPR, quality and duration of CPR, and doses of adrenaline,
1,

 
32

 304 

although we do not believe that these factors are largely imbalanced between the hospitals (as 305 

the pre-hospital care for OHCA is provided by the ambulance crew and they are educated by 306 

uniform curriculum in Japan). In addition, the severity assessment scales, such as the 307 

Paediatric Index of Mortality 2/3, were not adjusted for in the multivariable analysis. 308 

However, we restricted the study population to patients receiving catecholamine infusion or 309 

invasive mechanical ventilation at admission, to ensure a certain level of severity, allowing 310 

fair comparison between hospitals. Finally, this study only tested whether the current best 311 

available (easily measurable) hospital characteristic that we proposed was associated with 312 

outcomes of paediatric OHCA. There may be better indicators suggestive of hospital’s 313 
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capability for paediatric OHCA than the annual number of paediatric patients with invasive 314 

mechanical ventilation. Further studies are warranted to establish hospital indicators 315 

associated with outcomes of paediatric out-of-hospital cardiac arrest. 316 

 317 

Conclusion 318 

Using a Japanese national database, this study highlighted the association between hospital 319 

category classified according to the number of invasively mechanically ventilated children 320 

with paediatric OHCA outcomes. In Japan, children admitted to ‘high complexity’ hospitals 321 

after OHCA had better outcomes than those admitted to ‘low level’ hospitals. This fact should 322 

be considered by the Emergency Medical Systems in order to decide the transport strategy. 323 
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Figure Legends 434 

Figure 1. Flowchart of patient inclusion  435 

Figure 2. Incidence of primary and secondary outcomes (%) 436 

a
 Hospital category was defined as the mean annual number of paediatric cases involving 437 

invasive mechanical ventilation; low (<=48); low-intermediate (>48, <=101); 438 

high-intermediate (>101, <=164); and high (>164). 439 

 440 



Table 1. Participants’ baseline characteristics according to hospital category 

defined by the average number of paediatric invasive mechanical ventilation cases 

 

Hospital category 

(annual number of paediatric 

patients with invasive  

mechanical ventilation) 

Low Low-intermediate High-intermediate High 

p value 

(<48) (48–101) (101–164) (>164) 

Institutions           

Number of institutions (%) 206 (100) 80 (100) 58 (100) 41 (100)   

Academic (%) 11 (5.3) 21 (26.3) 29 (50.0) 13 (31.7) <.001 

Emergency care centre (%) 85 (41.3) 52 (65.0) 33 (56.9) 24 (58.5) .004 

Patients 

Basic characteristics      

Number of patients (%) 624 (100) 626 (100) 651 (100) 639 (100)   

Men (%) 375 (60.1) 376 (60.1) 377 (57.9) 404 (63.2) .410 

Age (years, median [IQR]) 8.4 [0.7–15.4] 5.1 [0.8–14.0] 4.2 [0.6–13.4] 2.7 [0.5–11.8] <.001 

Distance (km, median [IQR]) 5.1 [2.7–10.5] 5.7 [2.9–11.7] 6.2 [3.3–15.8] 7.2 [4.2–15.2] <.001 

Comorbid diagnosis           

Ventricular fibrillation (%) 85 (13.6) 119 (19.0) 129 (19.8) 84 (13.1) .900 

Trauma (%) 42 (6.7) 28 (4.5) 32 (4.9) 24 (3.8) .030 

CHD (%) 22 (3.5) 19 (3.0) 25 (3.8) 39 (6.1) .020 

Congenital disease other than 

CHD (%) 22 (3.5) 26 (4.2) 23 (3.5) 42 (6.6) .020 

Treatment           

Mechanical ventilation (%) 539 (86.4) 516 (82.4) 532 (81.7) 559 (87.5) .680 

Catecholamine infusion (%) 554 (88.8) 551 (88.0) 584 (89.7) 550 (86.1) .260 

TTM (%) 102 (16.3) 82 (13.1) 91 (14.0) 122 (19.1) .160 

ECMO (%) 30 (4.8) 20 (3.2) 25 (3.8) 19 (3.0) .150 

CHDF (%) 14 (2.2) 25 (4.0) 17 (2.6) 18 (2.8) .920 

CHD = congenital heart disease; CHDF = continuous hemodiafiltration; ECMO = extracorporeal membrane oxygenation; IQR = 

inter quartile range; TTM = targeted temperature management. 
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Table 2. Results of univariable and multivariable logistic regression analyses for 

the primary outcome (in-hospital mortality) 

OR = odds ratio of mortality; CI = confidence interval; CHD = congenital heart disease; TTM = targeted 

temperature management; ECMO = extracorporeal membrane oxygenation; CHDF = continuous 

hemodiafiltration. 

  Univariable 

 

Multivariable   

  OR [95%CI] p value   OR [95%CI] p value 

Hospital category               

low reference   reference 

low-intermediate 0.94 [0.78-1.37] 0.54   0.63 [0.40-1.01] 0.053 

high-intermediate 0.97 [0.80-1.16] 0.84   0.67 [0.42-1.05] 0.080 

high 0.74 [0.62-0.89] 0.001   0.46 [0.31-0.70] <0.001 

Other hospital characteristics               

emergency center 1.57 [1.32-1.87] <0.001   1.28 [0.92-1.76] 0.140 

academic 0.56 [0.47-0.66] <0.001   0.96 [0.67-1.38] 0.835 

Patient background               

age (year) 0.91 [0.9-0.92] <0.001   1.00 [1.00-1.00] 0.001 

men 0.90 [0.77-1.07] 0.228   1.02 [0.81-1.28] 0.891 

distance (km) 1.00 [0.99-1.00] <0.001   1.00 [1.00-1.00] 0.001 

year 1.03 [0.98-1.07] 0.22   1.04 [0.97-1.11] 0.283 

Comorbid diagnosis on admission               

congenital heart disease 0.86 [0.58-1.29] 0.48   0.58 [0.35-0.98] 0.042 

congenital disease other than CHD 0.78 [0.53-1.14] 0.2025   0.52 [0.32-0.85] 0.009 

Vf/VT 0.03 [0.02-0.04] <0.001   0.04 [0.02-0.06] <0.001 

Trauma 2.41 [1.55-3.74] <0.001   1.37 [0.80-2.35] 0.259 

Treatment               

catecholamine infusion 7.66 [5.74-10.20] <0.001   14.83 [10.59-20.80] <0.001 

mechanical ventilation 8.00 [6.21-10.30] <0.001   2.79 [1.84-4.23] <0.001 

TTM 0.22 [0.18-0.28] <0.001   0.10 [0.08-0.13] <0.001 

ECMO 1.37 [0.88-2.14] 0.16   3.04 [1.25-7.35] 0.014 

CHDF 0.83 [0.52-1.33] 0.45   0.75 [0.32-1.73] 0.495 
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Table 3. Results of multivariable logistic regression analyses for the secondary 

outcome (death or medical care dependency at discharge) 

  Multivariable 

  OR [95%CI]   p value 

Hospital category               

                low reference     

low-intermediate 0.93 [ 0.55 - 1.57 ] 0.789 

high-intermediate 0.95 [ 0.63 - 1.43 ] 0.795 

high 0.67 [ 0.46 - 0.96 ] 0.030 

Other hospital characteristics               

emergency center 1.20 [ 0.89 - 1.63 ] 0.240 

academic 0.80 [ 0.56 - 1.15 ] 0.231 

Patient background               

age (year) 1.00 [ 1.00 - 1.00 ] <.001 

men 0.83 [ 0.83 - 1.35 ] 0.661 

distance(km) 1.00 [ 1.00 - 1.00 ] <.001 

year 0.97 [ 0.91 - 1.03 ] 0.303 

Comorbid diagnosis on admission               

congenital heart disease 0.77 [ 0.43 - 1.40 ] 0.389 

congenital disease other than CHD 0.65 [ 0.40 - 0.06 ] 0.084 

Vf/VT 0.04 [ 0.03 - 0.07 ] <.001 

Trauma 1.04 [ 0.59 - 1.83 ] 0.905 

Treatment               

catecholamine infusion 8.95 [ 6.34 - 12.6 ] <.001 

mechanical ventilation 4.41 [ 3.03 - 6.41 ] <.001 

TTM 0.11 [ 0.08 - 0.14 ] <.001 

ECMO 2.25 [ 0.96 - 5.24 ] 0.061 

CHDF 0.70 [ 0.32 - 1.55 ] 0.374 

OR = odds ratio; CI = confidence interval; CHD = congenital heart disease; TTM = targeted 

temperature management; ECMO = extracorporeal membrane oxygenation; CHDF = continuous 

hemodiafiltration. 

 

Table3



Table 4. Results of multivariable logistic regression analyses for in-hospital 

mortality, stratified by age group 

aOR = adjusted odds ratio; CI = confidence interval. 

a
 Independent variables include academic, board-certified emergency care center, age, sex, year of 

hospitalization, transport distance, ventricular fibrillation, trauma, congenital heart disease, 

congenital disease other than congenital heart disease, mechanical ventilation, catecholamine 

infusion, targeted temperature management, extracorporeal membrane oxygenation and continuous 

hemodiafiltration. 

Hospital category Low Low-intermediate High-intermediate High 

Infant (age <1 year)         

aOR
a
 reference 0.82 1.01 0.44 

[95%CI]  - [0.37-1.87] [0.46-2.23] [0.22-0.9] 

p value  - 0.639 0.976 0.024 

Toddler (age >=1, <6)       

aOR
a
 reference 0.33 0.35 0.33 

[95%CI]  - [0.14-0.76] [0.15-0.82] [0.15-0.76] 

p value  - 0.009 0.016 0.009 

School age (age>=6, <18)        

aOR
a
 reference 0.75 0.64 0.53 

[95%CI]  - [0.43-1.3] [0.35-1.16] [0.32-0.88] 

p value  - 0.3 0.14 0.014 
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Figure 1. Flowchart of patient inclusion  
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Claims with diagnosis of cardiac arrest on admission (age <18years) 

and with mechanical ventilation or catecholamine infusion.  

(N = 4,618) 

Transferred to another hospital within 2 days of 
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hospital (n = 172) 
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