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Abstract

Background: Survival after in-hospital cardiac arrest is poor, but current literature shows substantial heterogeneity
in reported survival rates. This study aims to evaluate care for patients suffering in-hospital cardiac arrest (IHCA) in the
Netherlands by assessing between-hospital heterogeneity in outcomes and to explain this heterogeneity stemming
from differences in case-mix or differences in quality of care.

Methods: A prospective multicentre study was conducted comprising 14 centres. All IHCA patients were included.
The adjusted variation in structure and process indicators of quality of care and outcomes (in-hospital mortality

and cerebral performance category [CPC] scale) was assessed with mixed effects regression with centre as random
intercept. Variation was quantified using the median odds ratio (MOR), representing the expected odds ratio for poor
outcome between two randomly picked centres.

Results: After excluding centres with less than 10 inclusions (2 centres), 701 patients were included of whom, 218
(32%) survived to hospital discharge. The unadjusted and case-mix adjusted MOR for mortality was 1.19 and 1.05,
respectively. The unadjusted and adjusted MOR for CPC score was 1.24 and 1.19, respectively. In hospitals where per-
sonnel received cardiopulmonary resuscitation (CPR) training twice per year, 183 (64.7%) versus 290 (71.4%) patients
died or were in a vegetative state, and 59 (20.8%) versus 68 (16.7%) patients showed full recovery (p <0.001).

Conclusion: In the Netherlands, survival after IHCA is relatively high and between-centre differences in outcomes are
small. The existing differences in survival are mainly attributable to differences in case-mix. Variation in neurological
outcome is less attributable to case-mix.

Keywords: Quality of care, Cardiopulmonary resuscitation, In-hospital cardiac arrest, Cohort study, Between-centre
differences
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Background short- and long-term survival after IHCA is poor. A
In-hospital cardiac arrest (IHCA) is a major adverse meta-analysis yielded a 1-year survival rate of 13.4%
event in hospitalized patients. Previous studies have but showed substantial heterogeneity between studied
documented the incidence of IHCA between 1 and 6 cohorts [4]. A US study also showed heterogeneity in
events per 1000 hospital admissions [1-3], and both incidence and outcomes after IHCA between centres [5].

This observed heterogeneity may be attributed in part to
< - - differences in case-mix or to differences in improvable
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improvement measures have led to improved outcomes
[6]. However, it is not known whether outcomes after
IHCA can be improved through a similar focus on qual-
ity improvement.

Quality of care can be assessed through structures and
processes of care, as well as through patient outcomes
[7]. Structure of care indicators pertain to hospital-level
factors, which apply to all patients. Notable examples of
hospital-level structure of care factors relevant to IHCA
are availability of advanced life-support (ALS) trained
personnel, cardiopulmonary resuscitation (CPR) training
frequency of personnel, assigned roles of specialists in the
cardiopulmonary resuscitation team, and the availability
of an intensive care physician. These particular structural
indicators have been shown to vary substantially between
Dutch hospitals [8]. Secondly, there are process of care
indicators, which can vary on the patient-level and can
easily be acted upon. A potentially relevant process of
care indicator for [HCA is the time until ALS is started, at
which point the ALS practitioners can provide additional
life-sustaining measures: e.g. endotracheal intubation,
administration of epinephrine, and potentially initiate
extracorporeal life support [9]. A shorter time between
IHCA and these interventions could improve short- and
long-term outcomes. The registration of a rapid response
team warning score (RRS) could be an additional relevant
process indicator: these scores (the early warning score,
EWS; the modified early warning score, the MEWS; the
national early warning score, NEWS) may help in iden-
tifying patients at-risk for cardiac arrest, in which case
extra precautions could be taken [10]. Finally, outcome
metrics such as mortality and cerebral performance cat-
egory (CPC) score at discharge are relevant patient-level
quality indicators [11].

This study aims to assess variation in outcomes
between hospitals and to explain heterogeneity in these
outcomes by differences in case-mix or by differences in
quality of care stemming from structural and procedural
metrics.

Methods

Study population

The Resuscitation Outcomes in the Netherlands (ROU-
TINE) study is a multicentre prospective study aiming
to assess care and outcome of IHCA patients [12]. All
patients in the 14 participating hospitals who received
CPR (i.e. chest compressions) for IHCA between Janu-
ary 2017 and May 2018 were included in the study. This
study period was predetermined in the study protocol,
as reviewed by the Institutional Review Board at Eras-
mus MC. Data were collected on patient demographics
and clinical characteristics related to cardiac arrest and
post-CPR treatment, according to Utstein and COSCA
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templates [13, 14]. For the current hospital-based anal-
ysis, hospitals that contributed <10 patients will be
excluded, because a reliable measurement of ‘standard’
care could not be inferred from such a small sample size.

Hospital characteristics and structural indicators were
assessed with a structured questionnaire as part of an
earlier project completed in February 2018. Details of
this questionnaire can be found in a prior publication [8].
In the current study, we compared hospital characteris-
tics from our sample to the other hospitals that partici-
pated in this questionnaire.

Definitions

The patient characteristics that were selected as poten-
tial confounders were based on the existing literature
[2]. These factors consisted of pre-arrest patient char-
acteristics indicative of morbidity and frailty, including
age, the Charlson comorbidity index [15], the pre-arrest
modified Rankin scale (MRS), and the pre-arrest cerebral
performance category (CPC) (see Additional file 2 for a
description of the scales).

The time to advanced life support (ALS) and the
reporting of a rapid response team score (RRS) were
included as process indicators. The time to advanced life
support was defined as the time between ascertaining
circulatory arrest (and consequently starting BLS) and
the moment the ALS team arrived, in minutes. Reporting
of RRS was defined as any RRS reported during the 24 h
prior to cardiac arrest. Since processes of care indicators
are likely embedded in a complex clinical framework, we
assumed the causal models for the data as illustrated in
Additional file 1: Fig. S1. As structure of care indicators,
we investigated the 24/7 availability of an ALS-certified
physician or the 24/7 availability of an intensivist (also
ALS certified), and whether the training frequency of
CPR for medical staff was at least twice per year. Finally,
as outcome indicators, we considered in-hospital mortal-
ity and CPC score at discharge separately. The CPC score
was measured and analysed ordinally, ranging from 0
(asymptomatic) to 5 (death).

Statistical analysis

We performed multiple imputation and imputed five
datasets under the assumption of missing at random
(MAR) for all missing predictor and outcome data, using
the MICE package in R [16, 17]. The outcomes were
included in the imputation model. For the descriptive
analysis, patients of the following two groups were com-
pared: patients who died in-hospital and patients who
survived after discharge from hospital. Continuous vari-
ables were compared using Mann—Whitney U tests, and
categorical variables using y* tests or Fisher’s exact test
where appropriate. A complete case analysis for the main
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analyses was performed as sensitivity analysis to assess
whether the results are sensitive for imputation.

It is not reliable to crudely compare hospitals on these
potential process or outcome indicators of quality of care.
Due to small sample sizes within hospitals, there is often
random variation (noise) between hospitals. Further-
more, a difference in case-mix results in confounding
bias. Random variation and confounding bias unjustifi-
ably contribute to the variation between hospitals and
should be adjusted for [18, 19]: assessment of quality of
care should reflect the complexity of hospital care [20].

We first used fixed-effects logistic regression to model
in-hospital mortality and a proportional odds logistic
regression to model the CPC score. The fixed-effects
logistic regression model was subsequently extended
with a random intercept for each individual centre in
order to assess between-centre variation in outcomes.
Including random intercepts also takes into account ran-
dom variation between centres due to small sample size
[18, 19]. The random intercept values of the unadjusted
(without the potential confounders) and the adjusted
model were compared to assess what part of the variation
was attributable to patient characteristics (age, the Charl-
son comorbidity index, the pre-arrest MRS, pre-arrest
CPC). The variation was further quantified using the
median odds ratio (MOR): the typical odds ratio between
two randomly selected centres, when the centre with
higher odds is compared to the centre with the lower
odds [21]. Moreover, to assess how much of the variation
in outcome could be explained by our predefined case-
mix variables, the Nagelkerke R* was calculated.

To explore the variation in potential process indicators,
mixed effects linear (time to ALS) and logistic regression
(registration of RRS) were used. Similar to the variation
in outcome, the variation between centres was visually
assessed by the comparing the adjusted and non-adjusted
random intercept values. The MOR (for registration of
RRS only) was also calculated. Moreover, the rankability
was calculated. This measure quantifies how reliable it is
to rank hospitals by this indicator (Additional file 3) [18].

Finally, the effect of process and structure of care indi-
cators on outcome was assessed. Only outcomes with
variation not attributable to differences in case-mix were
selected. For the structure of care processes, the previ-
ously mentioned causal model (Additional file 1: Fig.
S1) was assumed. To specify the variables to correct
for in our analysis, we used the back-door-criterion to
guide what characteristics to include in our regression
model [22]. The back-door criterion is fulfilled when no
(causal) paths can be drawn from the exposure of inter-
est to the outcome in the assumed causal model. Using
this criterion, we adjusted the effect of time to ALS on
functional outcome for timing (weekend vs weekdays,
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night or evening versus day), whether the arrest was wit-
nessed, and whether an RRS was reported. The effect of
the reporting of an RRS on outcome could not be inves-
tigated in this study. The reason is that we assume that
reporting RRS affects outcome by preventing cardiac
arrest. The ROUTINE study only included patients who
experienced cardiac arrest. Therefore, we did not include
the relevant control group (patients without cardiac
arrest). Finally, the outcome of patients treated in centres
with certain structure of care indicators was compared
using Fisher’s Exact test (while combining score 4—veg-
etative state, and 5—dead), because no confounders were
assumed between structure of care and outcome. How-
ever, a post-hoc analysis based on reviewer comments
was performed to further assess the relationship between
multiple CPR trainings per year and functional outcome:
a polytomous ordinal logistic regression model was fitted
with CPC score as dependent variable, and CPR training
twice per year together with previously used covariates as
independent variables.

All analyses were performed using R (R Core Team
(2013). R: A language and environment for statisti-
cal computing. R Foundation for Statistical Computing,
Vienna, Austria). Used packages include the /me4 and
ordinal package for the random effects models, and the
mice package for the multiple imputation framework.
Significance was evaluated an alpha level of 0.05.

Results

Descriptive statistics

The ROUTINE study included 713 patients from 14 dif-
ferent hospitals. Two hospitals included 10 patients or
less, so these patients were excluded (n=12). Therefore,
this analysis comprises of 701 patients, included in 12
different hospitals. Of the included patients, 230 (33%)
survived to discharge, and 12 (1.7%) patients had missing
CPC scores at discharge. The median number of inclu-
sions per hospital was 49 (Fig. 1). Our sample mainly
comprised teaching hospitals (83.3% vs. 55.7% in total),
and most hospitals are located in urban or metropolitan
areas (91.7% vs. 61.4% in total). Compared to other hos-
pitals in the Netherlands, the hospitals included in this
study were more often trauma centres (66.7% vs. 26.3%),
offered thoracic surgery (41.7% vs. 17.2%), and were more
often able to facilitate extracorporeal membrane oxygen-
ation (ECMO) life support (50.0% vs. 14.3%, see Table 1).
Note that, these data are already partially published else-
where [8, 12].

We compared patients who survived to hospital dis-
charge with patients who died in hospital. Survivors
were younger (a median of 67 [56-73], vs. 70 [62-77]),
more often had normal neurological performance prior
to hospital admission (CPC score of 0: 192 [85.3%] vs.
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Observations per centre

In-hospital mortality
Survived
Dead

Frequency

Ll T

Centre
Fig. 1 The number of inclusions per participating centre (displayed
anonymously) and the primary outcome measure in-hospital
mortality per centre

334 [74.1%]), and had lower Charlson comorbidity index
(median of 1 [0-2], vs. 2 [0-3]). Survivors sustained
IHCA more often at daytime than non-survivors, and
patients at daytime also had better neurological outcomes
(Table 2 and Additional file 1: Fig. S2). In survivors, car-
diac arrest was more often witnessed (212 [92.2%], com-
pared to 339 [72%]), possibly because the location of
cardiac arrest was more often at the emergency depart-
ment (survivors: 26 [11.3%], versus non-survivors: 44
[9.3%]), the intensive care unit (40 [17.4%], 65 [13.8%]),
and the operation theatre (19 [8.3%], 13 [2.8%]). Also, the
first observed rhythm in survivors was more often shock-
able (102 [44.3%], vs. 82 [17.4%], Table 2). Only 22 (3.1%)
patients received extracorporeal membrane oxygenation
(ECMO) during CPR (ECPR), of which 7 survived to hos-
pital discharge and 1 patient survived, but was in a veg-
etative state (Additional file 1: Table S6).

Outcomes

All considered pre-arrest patient characteristics were
independently associated with in-hospital mortality.
Adjusted for CPC score at baseline (OR 1.43 per unit
increase, 95% CI 1.04-1.95), pre-arrest MRS had no
effect on outcome (OR 1.10 per unit increase, 95% CI
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0.93-1.31). Similar effects were found on the ordinal CPC
score (Table 3). For in-hospital mortality, the explained
variance (Nagelkerke R?) of the model with these prede-
fined predictors was 9.6%. For CPC score, the Nagelkerke
R* was 8.4%. A complete case analysis showed similar
results (Additional file 1: Table S4).

There was small variation in mortality (median odds
ratio [MOR] was 1.19), which decreased by 12% by
adjusting for case-mix (adjusted MOR was 1.05). There
was moderate variation in CPC score (MOR was 1.24),
which decreased 4% by adjusting for case-mix (adjusted
MOR was 1.19). This implies that variation in mortality
was more dependent on patient characteristics than vari-
ation in CPC score (Fig. 2). The rankability, however, of
mortality and CPC score was 1.0% and 12%, indicating
that ranking hospitals based on these indicators is not
reliable (Fig. 2, Additional file 1: Table S2).

Processes of care

There was little variation in time to ALS across the
patient cohort, and this did not change substantially
after adjusting for case-mix (Fig. 3a). The longest median
time to ALS was observed in two centres, in which the
ALS team arrived 1.9 and 1.6 min later than average. The
rankability of this indicator was high: 79% of the variation
between centres was not attributable to chance (Addi-
tional file 1: Table S2). There was no evidence that higher
time to ALS increases the odds of a worse CPC score (OR
0.99, 95% CI 0.92-1.07).

The variation in the reporting of an RRS was large and
did not change substantially after adjusting for case-mix
(Fig. 3b). The adjusted median odds ratio (MOR) was
2.95. The rankability of this indicator was high: 77% of the
variation between centres was not attributable to chance
(Additional file 1: Table S2).

Structure of care

In hospitals which provided CPR training twice a year,
survivors of IHCA had a better functional outcome
(Fig. 4; Additional file 1: Table S5): 183 (64.7%) versus 290
(71.4%) patients died or were in a vegetative state, and 59
(20.8%) versus 68 (16.7%) patients showed full recovery
(p<0.001). However, patients in hospitals where person-
nel was trained twice per year were younger (66 [IQR
56-74], vs. 71 [IQR 63-78]) and had better initial CPC
scores (229 [82.4%] had a CPC score of 0, vs. 297 [74.6%)],
Additional file 1: Table S7 and Additional file 1: Fig. S3).
When these factors are added in a multivariable ordinal
logistic regression model, the effect is rendered insignifi-
cant (OR 0.96 for a higher CPC score, 95% CI 0.68-1.37).
The 24/7 availability of an intensivist showed a similar
trend towards more favourable CPC scores, but the effect
was not significant.
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Table 1 Characteristics of the studied hospitals, as part of survey research published earlier (7)

Characteristic Total number of centres Centres, not included (N=58) Centres,
included
(N=12)
General aspects
Urban area 70
Metropolitan 22 (37.9) 5(41.7)
Urban 18 (31.0) 6 (50.0)
Rural 18 (31.0) 1(83)
Hospital level 70
University 6(10.3) 1(83)
Non-teaching 23(39.7) 1(8.3)
Teaching 29 (50.0) 10 (83.3)
Hospital size, N beds 70
<300 23(39.7) 2(16.7)
300-600 25(43.1) 6 (50)
>600 10(17.2) 4(333)
Availability of
Emergency department 70 57 (98.3) 12 (100.0)
Trauma centre 69 15 (26.3) 8 (66.7)
Thoracic surgery 70 10(17.2) 541.7)
Neurosurgery 70 12 (20.7) 4(333)
Aortic surgery 70 38 (65.5) 12 (100.0)
Cardiac care unit 70 57 (98.3) 12 (100.0)
Rapid response team 70 57(98.3) 12 (100.0)
Rapid response system 70 56 (96.6) 12 (100.0)
Type of rapid response system 70
(M)EWS 54(93.1) 9(75.0)
NEWS 1(01.7) 1(83)
Own modified system 101.7) 2(16.7)
ICU 70 57(983) 12 (100.0)
Level of ICU* 69
1 19 (33.3) 1(83)
2 24 (42.1) 4(33.3)
3 14 (24.6) 7(583)
Intensivist 24/7 69 33(57.9) 5(41.7)
ECMO 68 8(14.3) 6 (50.0)
Both VV and VA 14 8(100.0) 5(83.3)
Mechanical CPR device 70 26 (44.8) 7 (58.3)
Practice/quideline adherence
Targeted temperature 65
33°C 19(333) 1(83)
Both 33 and 36 °C 24(42.1) 4(33.3)
36°C 14 (24.6) 7(583)
Mandatory DNR-counselling upon 70
Admission 51(87.9) 10 (83.3)
Advanced life support protocol is 70
ERC 2015 57(98.3) 11(91.7)
No. of CPR training sessions per year 70
Twice a year 26 (44.8) 4(33.3)
Once a year 29 (50.0) 8 (66.7)
Less than once a year 3(5.1) 0(0.0)
ERC ALS-certified physician available 70 55(94.8) 12 (100.0)
ERC ALS-certified physician 24/7 available 70 32(55.2) 10 (83.3)
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Table 1 (continued)
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Of hospitals with multiple locations, the main locations are shown once: the highest level of care is reported, and if the facilities are present in one location, it is

reported as present
VV venous-venous, VA venous-arterial

*See Additional file 1: Table S2 for a detailed description of ICU level designation in The Netherlands

Discussion

In this study, we first assessed whether there is sub-
stantial variation in outcomes between hospitals in the
Netherlands after IHCA. We found small-to-moderate
variation in mortality and functional outcomes. Between-
centre differences in mortality rates could largely be
explained by case-mix, but between-centre differences
in CPC scores at discharge persisted after adjustment for
case-mix.

To potentially improve functional outcomes, we inves-
tigated the reliability and relevance (in terms of associa-
tion with outcomes) of processes and structure of care
indicators. The reliability of the two process indicators
was high, but their relevance could not be established
with current data. We could not establish this relevance
either due to the design of our study, or because our data
did not provide evidence against the null hypothesis.
In general, quality of care does not often significantly
explain variation in outcomes, because treatment effects
are generally modest, and not all processes of care apply
to all patients [23, 24]. However, our data did suggest a
positive effect of a structure of care indicator in the anal-
ysis where we assume differences between hospitals to be
random: offering multiple CPR trainings per year to per-
sonnel was associated with better functional outcomes of
survivors at discharge.

The group of included centres consisted of teaching
hospitals with more extensive facilities than the typical
Dutch hospital. Within this group of centres, there was
little variation in both mortality and CPC score. This
finding is in contrast with a US study, which described
substantial variation in outcome between centres [5].
One explanation is that this study included a much
broader range of hospital levels, while our sample mainly
includes teaching hospitals.

Nevertheless, the finding that the observed variation
in mortality is explained by differences in case-mix can
be seen as a strong indication for a cohesive hospital sys-
tem with uniform adherence to guidelines carried out by
highly trained personnel. We should consider the possi-
bility that participating hospitals might have performed
better, or reported selectively, simply because they were
observed within this study (the Hawthorne effect) [25].
Nevertheless, we hypothesize that the homogeneity in
quality of care is an important explanation why survival
in our population is higher than described in the litera-
ture [4, 26].

On the contrary, the variation in CPC score could
not be entirely explained by differences in case-mix. It
can be argued that the explained variance of our mod-
els was not high enough. Although the Nagelkerke R?
is lower than other prognostic studies in cardiac arrest
[27, 28], it is known that R* measures for categorical
outcomes are much lower than those of continuous
outcomes [29]. Also, because our aim was to explain
(and not to predict) outcomes [30], we think this find-
ing has important implications for cardiac arrest care
in the Netherlands: improving care might not improve
survival rates, but it might improve functional out-
comes. We recommend that other hospital systems
identify local processes and structures of care indica-
tors and enact appropriate improvements that could
lead to better patient outcomes.

Although the reliability for the investigated processes
and structure of care indicators was high, only the rel-
evance for one of the structure of care indicators could
be confirmed with the current study. We will here discuss
the investigated processes and structure of care indica-
tors, and the implication of our evaluation.

First, we found an indication that CPR training fre-
quency of twice per year might improve functional out-
comes. However, patients in centres who trained twice
per year were younger and had slightly better pre-exist-
ing neurological status, coincidentally. Either training
twice per year somehow results in a healthier population
being resuscitated, or the difference is based on chance.
We hypothesize that hospitals that train twice have more
awareness of in-hospital cardiac arrest than hospitals
that train less. If there is more awareness, we believe
cardiac arrests might be noticed earlier, and possible
some unnecessary arrests would be prevented. How-
ever, we think that the prevented arrests are more likely
those in patients with more physiological reserve, since
there is more time to prevent cardiac arrest. Therefore,
intervening earlier in the process due to higher aware-
ness should result in the remaining patients being older
and with worse pre-arrest functional status. Because of
this, we think that it is more likely that this difference in
case-mix is based on chance, especially because it entails
a post-hoc analysis. As only 45% of the Dutch hospitals
are described to offer CPR training twice per year [8],
increasing adherence to this structure of care indicator
could result in improvements in outcome: decreasing
intervals between CPR training increases CPR quality in
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Table 2 Characteristics of the patients, included in this analysis of the ROUTINE study

Characteristic Total number of patients Survivors (N=230) Non-

survivors
(N=471)

Pre-arrest

Age (median [IQR]) 701 67 [56, 73] 70[62,77]
Female (%) 701 83 (36.1) 165 (35.0)
Charlson comorbidity score (median [IQR])* 701 1100,2] 21[0,3]
Pre-arrest CPC (%) 676

0—asymptomatic 192 (85.3) 334 (74.1)
1—Good cerebral performance 26 (11.6) 72 (16.0)
2—Moderate cerebral disability 3(1.3) 32(7.1)
3—Several cerebral disability 4(1.8) 12(2.7)
4—coma or vegetative state 0(0.0) 1(0.2)
Pre-arrest MRS (%) 674

0—asymptomatic 104 (46.6) 148 (32.8)
1—No significant disability 73 (32.7) 155 (34.4)
2—Slight disability 22(99 67 (14.9)
3—moderate disability 19 (8.5) 64 (14.2)
4—Moderately severe disability 3(1.3) 14(3.1)
5—severe disability 2(0.9) 3(0.7)
Any RRS score registered 24 before arrest (%) 701 51(234) 179 (38.0)
Type of RRS score 234

EWS 20 (36.4) 69 (38.5)
MEWS 13(23.6) 50(27.9)
NEWS 3(5.5) 9(5.0)
Own system 10(18.2) 29 (16.2)
Not specified 9(16.4) 2(123)
Trauma (%) 694 6(2.6) ( 0)
Sepsis (%) 691 19(8.3) 65 (14.1)
Reversible diagnosis of arrest (%) 689

Hypoxia 70(31.0) 173 (37.4)
Hypovolemia 37(164) 83(17.9)
Hypothermia 0(0.0) 0(0.0)
Hypo-/Hyperkalemia/metabolic 8(3.5) 22(4.8)
Tamponade 8 (3.5) 25(5.4)
Thrombo-embolic 86 (38.1) 145 (31.3)
Toxines 15 (6.6) 1(24)
Tension pneumothorax 2 (0.9) 4(0.9)
Hypotension before the arrest** (%) 649

Yes 32(15.0) 69 (15.8)
Yes, with vasopressors 8(3.8) 32(7.3)
No 173 (81.2) 335(76.8)
Location (%) 701

Ward 7(33.5) 240 (51.0)
Emergency department (1 1.3) 44 (9.3)
Intensive care unit 40 (17.4) 65 (13.8)
Cardac care unit 28(12.2) 54(11.5)
Interventional radiology theatre 15 (6.5) 25(5.3)
Operation theatre 19 (8.3) 13(2.8)
Other 8 (3.5) 5(1.1)
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Table 2 (continued)
Characteristic Total number of patients Survivors (N=230) Non-
survivors
(N=471)
During arrest
Shockable rhythm (%) 701 102 (44.3) 82 (17.4)
Witnessed arrest (%) 701 212(92.2) 339(72.0)
Time of day 678
Day (08:00-16:00), (%) 68 (30.2) 168 (37.1)
Evening (16:00-22:00), (%) 127 (56.4) 208 (45.9)
Night (22:00-08:00), (%) 30(13.3) 77 (17.0)
Time to ALS, min (median [IQR]) 694 210,3] 2[1,4]
ECMO started during CPR (ECPR) 700 7(3.1) 15(3.2)
CPR duration, ROSC 395 5[2,10] 10 (5, 20]
CPR Duration, no ROSC 306 - 3021, 50]

*See Additional file 1: Table S1

**Not defined, subjectively reported by each registrar

Table 3 The results of logistic regression models with outcome
as an independent variable, and baseline characteristics as
dependent variables

In-hospital mortality =~ Worse
neurological
outcome (CPC)

Charlson comorbidity index — 1.17 (1.08-1.27) 16 (1.07-1.26)
MRS score at baseline 1.10 (0.93-1.31) 11(0.94-1.31)
CPC score at baseline 1.43 (1.04-1.95) 55(1.14-2.12)
Age, per decade 1.25(1.10-141) 22 (1.08-1.37)

The considered outcomes were in-hospital mortality, and CPC score (worse
neurological outcome). An odds ratio above one indicates a higher chance of
mortality, or a higher chance of a worse CPC score

terms of compression depth and rate, and complete chest
recoils [31, 32].

Second, our results did not suggest that 24/7 availabil-
ity of intensivists improves outcomes, in spite of evidence
to the contrary [33—-35]. We believe that the 24/7 avail-
ability of intensivists could indeed improve neurologi-
cal outcomes, but that our study lacks sufficient power
to detect an effect due to the small number of included
centres with an intensivist 24/7. With 24/7 intensivist
coverage, similar mortality between weekdays and week-
ends has been reported [36, 37]. It might be hypothesized
that we would have found a significant effect if we would
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Fig. 2 The individual effects of each centre on outcome indicators: mortality on the left, and CPC score on the right. The estimates are the random
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Probability of reporting RRS
<24 before arrest

have included more hospitals without 24/7 availability of
intensivists.

Third, the absolute variation in time to ALS was lim-
ited, but consistent and reliable: the rankability was more
than the 70% threshold that is suggested as reasonable
for quality indicator to be valid [19]. The effect on out-
come, however, could not be established: the assumed
mechanism through which a lower time to ALS improves
functional outcome is by enabling early treatment of
reversible causes [38]. We recommend that future stud-
ies register whether a reversible cause was present, and
whether this was effectively resolved, to better establish
the relevance of this process indicator.

Fourth, the reporting of an RRS varied substantially
between hospitals and was again a reliable process indi-
cator. The presumed effect of RRS on outcomes, however,
primarily impacts outcomes through preventing car-
diac arrest [10]. Therefore, a study which only includes
patients with cardiac arrest cannot evaluate the relevance
of this indicator. Nevertheless, as other studies have
showed evidence for effective prevention of cardiac arrest
[10, 39], our results mainly indicate that the implemen-
tation of these scores in clinical practice could be more
stringent.

This study is limited because we study a selected group
of centres due to logistical reasons. The observed varia-
tion in outcome could partly be explained by case-mix
in these centres, but perhaps this cannot be general-
ized to all centres. Fortunately, we collected data about

characteristics of these centres and were able to compare
our sample’s characteristics to those of the universe of
hospitals in the Netherlands. Because we are transpar-
ent about these differences, the data can be interpreted
with more context. Another limitation of our study is the
presence of missing data. We dealt with missing data by
using multiple imputations. Using this method, we have
assumed that the data were missing at random. Unfor-
tunately, there is no empirical way to check this assump-
tion. The fact that a complete case analysis showed same
direction and uncertainty of effects is reassuring. Finally,
we only were able to assess the process and structure of
care indicators which we collected in this study. Other
potential process indicators are the time to defibrillation
in patients with IHCA by shockable rhythm, or time to
BLS. Both indicators were not (accurately) collected and
therefore could be of interest in future studies. That is, if
unexplained differences in outcome are found between
centres.

This study introduces metrics for the evaluation and
improvement of resuscitation care. Notable strengths
of our study include the large sample size and the com-
prehensive adjustment for both random variation and
case-mix. Based on our findings, the following two rec-
ommendations for clinical management and research
for IHCA can be proposed: we should improve care for
IHCA mainly to improve neurological outcomes, i.e.
through more frequent CPR training of staff; existing
outcome measures of IHCA cannot be reliably used to
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compare hospitals on quality of care, as opposed to pro-
cesses and structure of care indicators.

Conclusion

In our sample of Dutch hospitals, the variation in both
mortality and neurological outcome is not substantial
after cardiopulmonary resuscitation for in-hospital car-
diac arrest. Survival is relatively high and mainly attrib-
utable to differences in case-mix, rather than differences
in quality of care. The variation in neurological out-
come was less attributable to case-mix, suggesting that
improvements in care can lead to better neurological
outcomes. Finally, this study provides a potential frame-
work for the evaluation of resuscitative care and the iden-
tification of improvable facets of resuscitative care.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513054-021-03754-8.

Additional file 1. Supporting tables and figures.
Additional file 2. Description of outcome scales used in the study.

Additional file 3. Formula and rationale behind the rankability.

Acknowledgements

We are grateful for Virginia E. Tangel (Department of Anesthesiology, Erasmus
University Medical Center, Rotterdam, the Netherlands, and Department of
Anesthesiology, Weill Cornell Medicine, New York, NY, United States) for her
revisions of the final manuscript. ROUTINE study consortium: Evert-Jan Wils,
Cees Kuijs, Michiel Blans, Bas van den Bogaard, Ankie Koopman - van Gemert,
Chris Hukshorn, Nardo van der Meer, Marco Knook, Trudy van Melsen, René
Peters, Patrick Perik, Jan Assink, Gerben Spijkers and Wytze Vermeijden.


https://doi.org/10.1186/s13054-021-03754-8
https://doi.org/10.1186/s13054-021-03754-8

Gravesteijn et al. Crit Care (2021) 25:329

Authors’ contributions

MS, HE, RS, and SH conceived of the idea and design of the study. BG and MS
were involved in the conduction of the study. BG conceived of the analysis
plan and executed the analyses. BG wrote the manuscript, and MS, HL, RS, HE,
SH helped in revisions on the manuscript. All authors read and approved the
final manuscript.

Funding

The study was funded by departmental funds and supported by a small con-
tribution from an unrestricted grant from the European Society of Anaesthe-
siology (ESA) and AirLLiquide (€250). These funds have been used to give out
giftcards (€25) as a reward for ten respondents. Both ESA and Air Liquide did

not have any role in the design or analysis of this study.

Availability of data and materials
The dataset from this study is freely available from the corresponding author
upon request.

Declarations

Ethics approval and consent to participate

The ROUTINE study protocol was approved by the Institutional Revisional
Board of the Erasmus MC. After initial recovery, patients were provided

with information about the study. Consecutively, patients were asked for
informed consent to use their clinical data and to contact them for follow-up
questionnaires.

Consent for publication
All participants gave informed consent to publish the results of this study.

Competing interests
The authors declare to have no competing interest.

Author details

'Department of Public Health, Erasmus University Medical Center, Postbus,
3000 CA Rotterdam, The Netherlands. 2Department of Anesthesiology,
Erasmus University Medical Center, Rotterdam, The Netherlands. *Depart-
ment of Intensive Care, Erasmus University Medical Center, Rotterdam, The
Netherlands.

Received: 7 June 2021 Accepted: 4 August 2021
Published online: 10 September 2021

References

1. Skogvoll E, Isern E, Sangolt GK, Gisvold SE. In-hospital cardiopulmonary
resuscitation. 5 years'incidence and survival according to the Utstein
template. Acta Anaesthesiol Scand. 1999;43:177-84.

2. Sandroni C, Nolan J, Cavallaro F, Antonelli M. In-hospital cardiac arrest:
incidence, prognosis and possible measures to improve survival. Inten-
sive Care Med. 2007;33:237-45.

3. Hodgetts TJ, Kenward G, Vlackonikolis |, Payne S, Castle N, Crouch R, et al.
Incidence, location and reasons for avoidable in-hospital cardiac arrest in
a district general hospital. Resuscitation. 2002;54:115-23.

4. Schluep M, Gravesteijn BY, Stolker RJ, Endeman H, Hoeks SE. One-year
survival after in-hospital cardiac arrest: a systematic review and meta-
analysis. Resuscitation. 2018;132:90-100.

5. Bradley SM, Kaboli P, Kamphuis LA, Chan PS, Iwashyna TJ, Nallamothu BK.
Temporal trends and hospital-level variation of inhospital cardiac arrest
incidence and outcomes in the Veterans Health Administration. Am Heart
J.2017;193:117-23.

6. Cadilhac DA, Andrew NE, Lannin NA, Middleton S, Levi CR, Dewey HM,
et al. Quality of acute care and long-term quality of life and survival.
Stroke. 2017;48:1026-32. https://doi.org/10.1161/STROKEAHA.116.
015714.

7. Donabedian A.The quality of care: how can it be assessed? JAMA J Am
Med Assoc. 1988;260:1743-8.

20.

21.

22.

23.

24.

25.

27.

28.

29.

Page 11 of 12

Schluep M, Van Limpt GJC, Stolker RJ, Hoeks SE, Endeman H. Cardio-
pulmonary resuscitation practices in the Netherlands: Results from a
nationwide survey. BMC Health Serv Res. 2019;19:1-10.

Perkins GD, Olasveengen TM, Maconochie |, Soar J, Wyllie J, Greif R, et al.
European resuscitation council guidelines for resuscitation: 2017 update.
Resuscitation. 2018;123:43-50.

Alam N, Hobbelink EL, van Tienhoven AJ, van de Ven PM, Jansma

EP, Nanayakkara PWB. The impact of the use of the Early Warning

Score (EWS) on patient outcomes: a systematic review. Resuscitation.
2014;85:587-94.

. Edgren E, Hedstrand U, Kelsey S, Sutton-Tyrrell K, Safar P, BRCTI Study

Group. Assessment of neurological prognosis in comatose survivors of
cardiac arrest. Lancet. 1994;343:1055-9.

Schluep M, Hoeks SE, Blans MJ, van den Bogaard B, Koopman - van
Gemert AWMM, Kuijs C, et al. Long-term survival and health-related qual-
ity of life after in-hospital cardiac arrest. Resuscitation. Elsevier; 2021 [cited
2021 July 14]; Available from https://linkinghub.elsevier.com/retrieve/pii/
S0300957221002550.

Perkins GD, Jacobs IG, Nadkarni VM, Berg RA, Bhanji F, Biarent D, et al. Car-
diac arrest and cardiopulmonary resuscitation outcome reports: update
of the Utstein Resuscitation Registry Templates for out-of-hospital cardiac
arrest. Resuscitation. 2015;96:328-40.

Haywood K, Whitehead L, Nadkarni VM, Achana F, Beesems S, Bottiger
BW, et al. COSCA (Core Outcome Set for Cardiac Arrest) in Adults: an advi-
sory statement from the international liaison committee on resuscitation.
Resuscitation. 2018;127:147-63.

Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined
comorbidity index. J Clin Epidemiol. 1994;47:1245-51.

Little RJA, Rubin DB. Statistical analysis with missing data. J Educ Stat.
1991;16:150.

van Buuren S. Flexible imputation of missing data. Boca Raton: CRC Press;
2018.

van Dishoeck A-M, Lingsma HF, Mackenbach JP, Steyerberg EW. Random
variation and rankability of hospitals using outcome indicators. BMJ Qual
Saf. 2011,20:869-74.

Lingsma HF, Steyerberg EW, Eijkemans MJC, Dippel DWJ, Scholte op
Reimer WJM, van Houwelingen HC. Comparing and ranking hospitals
based on outcome: results from The Netherlands Stroke Survey. QJM.
2009;103:99-108.

Black N. Time for a new approach to assessing the quality of hospitals

in England. 2013 [cited 2019 Feb 13]; Available from www.cqc.org.uk/
media/professor-sir-mike-richards-will-be-new-chief-.

Merlo J, Chaix B, Ohlsson H, Beckman A, Johnell K, Merlo J. A brief
conceptual tutorial of multilevel analysis in social epidemiology: using
measures of clustering in multilevel logistic regression to investigate
contextual phenomena. J Epidemiol Community Heal. 2006;60:290-7.
Pearl J, Mackenzie D. The book of why: the new science of cause and
effect. New York: Basic Books; 2018.

Amini M, van Leeuwen N, Eijkenaar F, Mulder MJHL, Schonewille W,
Lycklama a Nijeholt G, et al. Improving quality of stroke care through
benchmarking center performance: why focusing on outcomes is not
enough. BMC Health Serv Res. 2020;20:998. https://doi.org/10.1186/
$12913-020-05841-y.

Lingsma HF, Dippel DWJ, Hoeks SE, Steyerberg EW, Franke CL, Van Oost-
enbrugge RJ, et al. Variation between hospitals in patient outcome after
stroke is only partly explained by differences in quality of care: results
from the Netherlands Stroke Survey. [Cited 2020 Jul 31]; Available from:
http://jnnp.bmj.com/.

Herbert Franke R, Kaul JD. The Hawthorne experiments: first statistical
interpretation. Am Sociol Rev. 1978;43:623-43.

Zhu A, Zhang J. Meta-analysis of outcomes of the 2005 and 2010 cardio-
pulmonary resuscitation guidelines for adults with in-hospital cardiac
arrest. Am J Emerg Med. 2016,34:1133-9.

Murray GD, Butcher I, Mchugh GS, Lu J, Mushkudiani NA, Maas AIR, et al.
Multivariable prognostic analysis in traumatic brain injury: results from
the IMPACT Study. J Neurotrauma. 2007,24:329-37.

Barry T, Headon M, Glynn R, Conroy N, Tobin H, Egan M, et al. Ten years of
cardiac arrest resuscitation in Irish general practice. Resuscitation. 2018.
https://doi.org/10.1016/j.resuscitation.2018.02.030.

Smith TJ, Mckenna CM. A comparison of logistic regression pseudo R?
indices. Multiple Linear Regres Viewpoints. 2013;39:17-26.


https://doi.org/10.1161/STROKEAHA.116.015714
https://doi.org/10.1161/STROKEAHA.116.015714
https://linkinghub.elsevier.com/retrieve/pii/S0300957221002550
https://linkinghub.elsevier.com/retrieve/pii/S0300957221002550
http://www.cqc.org.uk/media/professor-sir-mike-richards-will-be-new-chief-
http://www.cqc.org.uk/media/professor-sir-mike-richards-will-be-new-chief-
https://doi.org/10.1186/s12913-020-05841-y
https://doi.org/10.1186/s12913-020-05841-y
http://jnnp.bmj.com/
https://doi.org/10.1016/j.resuscitation.2018.02.030

Gravesteijn et al. Crit Care (2021) 25:329

30.
31

32.

33.

34.

35.

36.

Shmueli G.To explain or to predict? Stat Sci. 2010;25:289-310.

Anderson R, Sebaldt A, Lin Y, Cheng A. Optimal training frequency for
acquisition and retention of high-quality CPR skills: a randomized trial.
Resuscitation. 2019;135:153-61. https://doi.org/10.1016/j.resuscitation.
2018.10.033.

Oermann MH, Krusmark MA, Kardong-Edgren S, Jastrzembski TS, Gluck
KA. Training interval in cardiopulmonary resuscitation. PLoS ONE.
2020;15:1-13. https://doi.org/10.1371/journal.pone.0226786.

Blunt MC, Burchett KR. Out-of-hours consultant cover and case-mix-
adjusted mortality in intensive care. Lancet. 2000;356:735-6.

Goh AYT, Lum LCS, Abdel-Latif MEA. Impact of 24 h critical care physician
staffing on case-mix adjusted mortality in paediatric intensive care.
Lancet. 2001;357:445-6.

Benoit MA, Bagshaw SM, Norris CM, Zibdawi M, Chin WD, Ross DB, et al.
Postoperative complications and outcomes associated with a transition
to 24/7 intensivist management of cardiac surgery patients. Crit Care
Med. 2017;45:993-1000.

ArabiY, Alshimemeri A, Taher S. Weekend and weeknight admissions
have the same outcome of weekday admissions to an intensive care unit
with onsite intensivist coverage. Crit Care Med. 2006;34:605-11.

Page 12 of 12

37. BrunotV, Landreau L, Corne P, Platon L, Besnard N, Buzancais A, et al. Mor-
tality associated with night and weekend admissions to ICU with on-site
intensivist coverage: results of a 9-year cohort study (2006-2014). PLoS
ONE. 2016;11:e0168548. https://doi.org/10.1371/journal.pone.0168548.

38. Soar J, Perkins GD, Abbas G, Alfonzo A, Barelli A, Bierens JILM, et al. Euro-
pean Resuscitation Council Guidelines for Resuscitation 2010 Section 8.
Cardiac arrest in special circumstances: electrolyte abnormalities, poison-
ing, drowning, accidental hypothermia, hyperthermia, asthma, anaphy-
laxis, cardiac surgery, trauma, pregna. Resuscitation. 2010;81:1400-33.
https://doi.org/10.1016/j.resuscitation.2010.08.015.

39. Moon A, Cosgrove JF, Lea D, Fairs A, Cressey DM. An 8 year audit before
and after the introduction of modified early warning score (MEWS)
charts, of patients admitted to a tertiary referral intensive care unit after
CPR. Resuscitation. 2011;82:150-4.

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

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.resuscitation.2018.10.033
https://doi.org/10.1016/j.resuscitation.2018.10.033
https://doi.org/10.1371/journal.pone.0226786
https://doi.org/10.1371/journal.pone.0168548
https://doi.org/10.1016/j.resuscitation.2010.08.015

	Between-centre differences in care for in-hospital cardiac arrest: a prospective cohort study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study population
	Definitions
	Statistical analysis

	Results
	Descriptive statistics
	Outcomes
	Processes of care
	Structure of care


	Discussion
	Conclusion
	Acknowledgements
	References


