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Aim: With increased survival after out-of-hospital cardiac arrest (OHCA), impact of the post-resuscitation
course has become important. Among 30-day OHCA survivors, we investigated associations between
organ support therapy in the Intensive Care Unit (ICU) and return to work.

Methods: This Danish nationwide cohort-study included 30-day-OHCA-survivors who were employed
prior to arrest. We linked OHCA data to information on in-hospital care and return to work. For patients
admitted to an ICU and based on renal replacement therapy (RRT), cardiovascular support and mechanical
ventilation, we assessed the prognostic value of organ support therapies in multivariable Cox regression
models.

Results: Of 1087 30-day survivors, 212 (19.5%) were treated in an ICU with 0-1 types of organ support,
494 (45.4%) with support of two organs, 26 (2.4%) with support of three organs and 355 (32.7%) were not
admitted to an ICU.

Return to work increased with decreasing number of organs supported, from 53.8% (95% CI: 49.5-70.1%)
in patients treated with both RRT, cardiovascular support and mechanical ventilation to 88.5% (95% CI:
85.1-91.8%) in non-ICU-patients. In 732 ICU-patients, ICU-patients with support of 3 organs had sig-
nificantly lower adjusted hazard ratios (HR) of returning to work (0.50 [95% CI: 0.30-0.85] compared to
ICU-patients with support of 0-1 organ. The corresponding HR was 0.48 [95% CI: 0.30-0.78] for RRT alone.
Conclusions: In 30-day survivors of OHCA, number of organ support therapies and in particular need of
RRT were associated with reduced rate of return to work, although more than half of these latter patients
still returned to work.
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Introduction ther, recent studies have shown how pre-hospital interventions

(e.g. bystander interventions) are related to functional outcome

Survival of out-of-hospital cardiac arrest (OHCA) has increased
during the last decade [1]. Several studies have shown that prehos-
pital interventions and the clinical condition at hospital admission
are associated with both short and long-term outcome [1-3]. Fur-
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measures [4,5]. However, knowledge of the prognostic value of
the post-resuscitation in-hospital care and related interventions
is sparse, and the long-term prognosis of patients with multiple
organ failure following OHCA is unknown.

Cardiac arrest causes a degree of general ischemia, which leads
to the complex post-cardiac arrest syndrome in patients who gain
return of spontaneous circulation [6]. The syndrome resembles
the systemic inflammatory response syndrome (SIRS), and severity
depends on the cause of cardiac arrest, the degree of reperfusion
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injury, the underlying pathology, the extent of myocardial dys-
function and co-morbidity burden [6]. However, it has not been
investigated whether the post arrest syndrome reflects only tempo-
rary damage or if it is a reflection of underlying permanent injuries
leading to long-term disabilities.

Early interventions are hypothesized to decrease the duration
of the no- or low-flow period, and hereby decrease the risk of
anoxic tissue injury caused by the cardiac arrest. In line with this,
bystander interventions have previously been shown to be asso-
ciated with reduced hospital length of stay and risk of admission
to an ICU as a proxy for reduced morbidity following OHCA [7].
Furthermore, in the ICU, number and severity of organ failures
are well-known predictors of mortality [8,9]. Still, little is known
on how the in-hospital treatment and the need of organ support
therapy following OHCA predicts the long-term prognosis and in
particular function in survivors.

Return to work indicates a favourable prognosis without major
functional deficits [5] and previous studies of 30-day survivors after
OHCA have shown rates of return to work of up to 76%[5,10]. There-
fore, we investigated associations between need of organ support
therapy, as a proxy for multiple organ failure, before day 30 after
cardiac arrest and return to work in 30-day survivors.

Methods
Study setting

This cohort study used data from the Danish Cardiac Arrest Reg-
istry, to which emergency medical services (EMS) personnel have
reported every case of OHCA where a resuscitation attempt was
initiated since June 1st, 2001 [1].

In Denmark, basic life support-trained ambulance personnel are
dispatched to all OHCA emergencies, and advanced life support-
trained mobile emergency care units staffed with paramedics or
anesthesiologists are dispatched to rendezvous with the ambulance
personnel. Access to pre- and in-hospital health care in Denmark
including admission to an ICU is tax financed and thereby available
for all patients. However, the indication for admission to and treat-
ment in an ICU is a clinical decision. All admissions to and major
treatments at Danish ICUs are reported to the Danish National Reg-
istry of Patients and used by the Danish Intensive Care Database
[11].

Study population

We identified 30-day survivors between 18 and 65 years,
employed prior to the OHCA incident. Before 2005, ICU admission
was not completely registered [11], and therefore we only included
patients during 2005-2014. Patients not receiving any social ben-
efits, as well as patients on maternity leave, leave-of-absence or
public state education grants in a five-week span before cardiac
arrest were defined as working at baseline [5]. As we assessed renal
replacement therapy (RRT) as part of the need of organ support, we
excluded patients treated with dialysis in the year before OHCA.

Study design

From the Danish Cardiac Arrest Registry, we included informa-
tion on date and location of arrest, whether a bystander initiated
CPR and/or defibrillated the patient, witness status, time inter-
val between recognition of arrest/emergency dispatch center call
and ambulance arrival and whether the patient was awake at hos-
pital arrival. Status at arrival(comatose or awake) was recorded
by ambulance personel and did hereby not include whether the
patient woke up in the emergency department. The unique civil
personal registration number given to all Danish residents at birth

or upon immigration was used to gather data from other Dan-
ish nationwide registries. We retrieved data on age, sex and civil
status from the Danish Civil Personal Registration registry and pre-
sumed cause of arrest (cardiac vs. non-cardiac) was determined
using data from the Danish National Patient Registry and the Danish
Cause of Death Registry [1,5]. Data on date of death was retrieved
from the Danish Cause of Death Registry. Data on comorbidities
were obtained from the Danish National Patient registry as well
as the Danish National Prescription Registry (eTable 1)[12,13]. We
retrieved data on organ support and ‘simplified Acute Physiology
Score’ (SAPS II) from the Danish National Patient Registry [11,13],
however SAPS Il was only sufficiently registered from 2011 and
onwards. Employment status was obtained from a registry admin-
istered by the Danish Labor Market Authority (DREAM registry)
and was available on a weekly basis until July 2016. We obtained
information on educational level from Statistics Denmark [14,15].

Exposures

Main exposure was number of severe organ failures within
30days after OHCA among patients admitted to an ICU. We defined
organ failure according to organ-support therapy in the ICU, iden-
tifying three types of organ support: 1. Mechanical ventilation
defined by invasive ventilator support; 2. Cardiovascular support,
defined by need of inotropic agents or vasopressors; and 3. RRT
defined by renal support in the ICU. Based on the accumulated
number of organ support therapies, and whether the patient was
admitted to an ICU before day 30, we divided the patients into
four groups: 1. Non-ICU-patients, 2. ICU-patients with support of
0-1 organ, 3. ICU-patients with support of two organs and, 4. ICU-
patients with support of three organs.

In secondary analyses, we assessed the impact of the individual
types of organ support and frequent combinations of organ support
on return to work.

Outcomes

Outcome was return to work. We defined return to work as
the first 2-week-span from day 30, during which no social benefits
except from maternity leave, leave-of-absence and state education
fund codes occurred. 30-day-survivors were followed from day 30
after OHCA for return to work, death, emigration or end of study
(June 30, 2016).

Statistics

We presented categorical variables using percentages and fre-
quencies, and continuous variables using medians and 25th and
75th percentiles. For return to work with mortality as competing
risk, we depicted cumulative incidences using the Aalen-Johansen
estimator. We calculated time to death and return to work for
30-day-survivors counting from day 30. Among patients admit-
ted to an ICU we performed Cox regression models to assess the
association between individual and number of organ support ther-
apies and outcomes. We created a directed acyclic graph (DAG)
[16] to identify covariates for our multivariable models. Covari-
ates included patient age, sex, comorbid conditions, and calendar
year of arrest, as well as status of living alone and patient educa-
tional level (eFigure 2). To ensure that the need of organ support
is not driven or confounded by prehospital variables (bystander
CPR, bystander defibrillation and witness status) or only reflected
cognitive status at arrival, we added these in twofinal separate
multivariable models.Missing data were imputed using multiple
imputation methods (using the Substantive Model Compatible
Fully Conditional Specification package in R). Data was missing at
random (MAR). Assumption of proportional hazards was checked
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Patient selection 2005-2014

33,789 patients
with out-of-hospital Cardiac arrest

8,391 patients
admitted to hospital

Y

25,398 patients
died before hospital admission

Y

4,989 patients died before day 30

3,402 patients
surviving to day 30

Y

52 patients < 18 years

[

1,446 patients > 65 years

-

817 patients not working at baseline

0 patients in dialysis prior to arrest

1,087 patients
final study population

Fig 1. Patient selection from the Danish cardiac arrest registry.

by log-log plots and Martingale residuals and were in all cases
adequately met. We tested for interaction between organ support
calendar year — before and after 2010 and presumed cause of arrest.
No interactions were seen. Data management and analyses were
performed using SAS version 9.4 and R statistical software package
version 3.3.3, respectively [17].

Ethics

This study was approved by the Danish Data Protection
Agency (2007-58-0015, internal reference GEH-2014-017/I-Suite
no. 02735). In Denmark, it is not required to obtain ethical approval
for register-based studies.

Results
Patients, characteristics, and distribution of organ support therapy

From January 1 2005 to December 2014, 3402 (10.1%) of 33,789
OHCA patients survived to day 30. Of these 1087 (32.0%) were
between 18 and 65 years of age and employed prior to OHCA (Fig. 1).
212 patients (19.5%) were treated in the ICU with 0-1 organ support
treatments and 494 (45.4%) were treated in the ICU with 2 organs
supported and 26 (2.4%) with three organs supported, 355 patients
(32.7%) were not treated in the ICU.

Table 1 shows baseline characteristics according to number of
organ support therapies. Patients with the largest number of organ
support were less likely to have had an arrest in a public location,
less likely to have received bystander interventions and less likely
to be awake at hospital arrival.

In 212 patients with 0-1 registered types of organ support, 142
(67.0%) received mechanical ventilation, 34(16.0%) were treated
with cardiovascular support and none with renal replacement ther-
apy. Among 494 patients treated with 2 types of organ support,
492 (99.6%) were treated with respiratory support and 489(99.0%)
were treated with circulatory support and only 7 (1.4%) received
renal support. 26 patients had all three types of organ support. The

Simplified Acute Physiology Score (SAPS) increased with increasing
number of organs supported (Table 2).

Characteristics for non-30-day survivors are shown in eTables
3-5.

Return to work

In a two-year follow-up period, 80.5%[95% CI: 78.1-82.9%] of 30-
day survivors had returned to work and mortality was 3.1%[95% CI:
2.1-4.2%]. Patients not treated in the ICU had the highest return to
work rate of 88.5% [95% CI: 85.1-91.8], followed by 82.4% [95% CI:
77.1-87.6%] for patients with 0-1 organs supported, 77.3% [95% CI:
73.4-81.2] for patients with 2 organs supported and lastly, 59.8%
[95% CI 49.5-70.1] for patients with support of 3 organs (Fig. 2A).

Factors associated with return to work

In multivariable Cox regressions for 732 patients admitted to
an ICU, we explored the associations between organ support and
return to work.

Degree of organ failure

In multivariable Cox regression analysis adjusted for both base-
line and prehospital variables patients treated in the ICU with
support of 3 organs had a significantly lower chance of return to
work compared to patients treated with support of 0-1 organs (HR
0.50 [95% CI: 0.30; 0.85]) (Fig. 31.C). Ratios were similar to hazard
ratios found in unadjusted analysis (Fig. 31A) and analysis with-
out adjustment for prehospital variables (Fig. 31B). Additionally, in
sensitivity analysis excluding EMS-witnessed cases, or only includ-
ing comatose patients, in analysis adjusted for status at arrival
(comatose or awake), and in comlete case analyses, results were
similar (eFigures 6-12). No interaction was found between organ
support and calendar year-group or presumed cause of arrest.
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Table 1
Demographic and prehospital variables by number of organ support.
Demographic variables Non ICU (n=355) ICU support of ICU support of 2 ICU support of 3 P-value
0-1 organs organs (n=494) organs (n=26)
(n=212)
Age, median 52.0 51.0 53.0 52.5 0.74
[25%-75%] [46.0,58.0] [45.0, 59.0] [46.0, 59.0] [40.2,59.0]
Male 277 (78.0) 174 (82.1) 410 (83.0) 22(84.6) 0.29
Prehospital variables
CPR by bystander 148 (88.6) 151 (84.4) 349 (78.1) 13(56.5) <0.001
Missing 188 33 47 3
Defibrillation by bystander 34(23.3) 26 (16.1) 31(7.7) NA** <0.001
Missing 209 51 91 3
Public location of arrest 211 (68.7) 126 (66.3) 236 (51.0) 11 (44.0) <0.001
Missing 48 22 31 NA**
Unwitnessed arrest 16 (4.7) 22(10.8) 73 (15.4) NA**
Arrest witnessed by bystander 150 (44.5) 156 (76.5) 370(78.1) 22 (84.6)
Arrest witnessed by EMS 171 (50.7) 26 (12.7) 31(6.5) 3(11.5) <0.001
Missing 18 8 20 0
Time interval*, median [25%-75%] 10.0[6.0, 13.0] 9.0 (6.0, 13.0] 9.0 (6.0, 13.0] 6.0 [4.0,10.0] 0.23
Missing 229 62 109 5
Initial shockable rhythm 119 (37.4) 47 (23.4) 82(17.3) 6(26.1) <0.001
Missing 37 11 21 3
Defibrillated by EMS 254 (81.4) 153 (80.5) 391 (89.9) 19(76.0) 0.001
Missing 43 22 59 NA™*
COPD NA** 4(1.9) 5(1.0) 0(0.0) 0.46
Ischemic heart disease 43 (12.1) 18(8.5) 68 (13.8) NA** 0.23
Kidney disease 3(0.8) NA** 2(04) NA™* 0.18
Diabetes 18(5.1) 11(5.2) 28 (5.7) NA** 0.93
Outcomes
Awake at hospital arrival 176 (66.4) 33(18.6) 10(2.2) 0(0.0) <0.001
Missing 90 35 32 NA**
Length of hospital stay, median [25%-75%] 6.0 [4.0, 10.0] 14.0[9.0, 21.0] 16.0[11.0, 30.0] 38.0[27.0, 60.5] <0.001
1-year survival NA** 209 (98.6) 479 (97.0) 23(88.5) <0.001

Data show Data show characteristics according to organ support among 30-day survivors. Abbreviations: EMS, emergency medical service; CPR, cardiopulmonary resusci-
tation. *Time between recognition of arrest/emergency call and EMS arrival. ** NA, not available, due to legislation in accordance with the policy of Statistics Denmark that

does not allow report of personal identifiable data, i.e. a very low number or a similarly low difference between a number and the total number of observations.

Table 2

in-hospital characteristics by degree of organ support for 30-day survivors admitted to an ICU before day 30.
Organ support ICU support of ICU support of 2 ICU support of 3 P-value

0-1 organs organs (n=494) organs (n=26)
(n=212)

Renal replacement therapy 0(0.0) 7(1.4) 26 (100.0) <0.001
Cardiovascular support 24 (11.3) 489 (99.0) 26 (100.0) <0.001
Mech. ventilation started within the first 24 h after OHCA 108 (50.9) 453 (91.7) 22(84.6) <0.001
Mech. ventilation started after 24 h after OHCA 34(16.0) 39(7.9) 4(15.4) <0.001
Duration of intensive care
<0.25days 0(0.0) 0(0.0)
0.25-13days 14 (8.0) 9(1.9) 0(0.0)
14-30days 162 (92.0) 457 (95.4) 23(92.0)
>30days 0(0.0) 13(2.7) NA**
missing 36 15 <3 <0.001
Duration of mechanical ventilation
No mechanical ventilation NA**
0.25-7 days 117 (55.2) 400 (81.0) 16 (61.5)
>7 days NA** 38(7.7) NA** <0.001
SAPS(2011-14) (n=99) (n=263) (n=16)
SAPS II*,mean (sd) 31.8(10.3) 50.4 (16.8) 50.6 (18.7) <0.001
SAPS, registered as irrelevant 26(66.7) 17 (84.4) NA**
Missing 60 159 9

Data show in-hospital variables by number of organs supported. OHCA: Out-of-hospital Cardiac arrest, SAPS: Simplified Acute Physiology Score.*Only registered sufficient
after 2010. ** NA, not available, due to legislation in accordance with the policy of Statistics Denmark that does not allow report of personal identifiable data, i.e. a very low

number or a similarly low difference between a number and the total number of observations.

Return to work in distributions and combinations of organ support
The study population encompassed six combinations of organ
support of a considerable size. For these combinations, we depicted
the cumulative incidence of return to work with death as a com-
peting risk in Fig. 1B, where number of patients in each group is
givenin the legend. Within 2 years 86.7%[95% CI: 76.7-96.6] of ICU-

patients with no organ support returned to work, in patients treated
with only circulatory support 83.3% [95% CI: 68.4-98.2] returned
to work, followed by 80.4% [95% CI: 73.9-98.2] in patients with
only mechanical ventilation. In patients treated with mechanical
ventilation and cardiovascular support 76.2% [95% CI: 72.4-80.0]
returned to work. Adjusted hazard ratios of return to work by com-
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Fig. 2. Cumulative incidence of A: Return to work and mortality by degree of organ support, B: Return to work in common distributions and combinations of organ support.

binations of organ support therapies with ICU-patients with no
organ support as reference are shown in Fig. 4.

Individual types of organ support

In three separate multivariable Cox regression analyses of the
association between each individual type of organ support and
return to work, patients with cardiovascular support had reduced
chance of return to work, when compared to ICU-patients without
cardiovascular support (HR 0.0.81 [95% CI: 0.66-0.98]). Similarly,
patients with RRT had reduced chance of return (HR 0.48 [95% CI:
0.30-0.78]),when compared to patients without RRT. This was not
the case for mechanical ventilation (HR 1.03 [95% CI: 0.77-1.39])
(Fig. 32A-C).

Discussion

This study of return to work among 1087 30-day OHCA sur-
vivors found that a substantial proportion of patients, even in need

of extensive organ support therapy, returned to work. The majority
of 30-day-survivors who returned did so within the first year after
day 30 indicating OHCA patients who do return, do so rather fast
and that chances of return are small if patients have not returned
within one year following OHCA. Patients admitted to an ICU after
OHCA had reduced rate of return to work compared to patients
not admitted to an ICU. This rate decreased with increasing num-
ber of organs supported, so that patients with the combination of
mechanical ventilation, circulatory support as well as RRT had the
least chance of return to work. Still, more than half of these patients
returned to work.

Severity of the post-cardiac arrest syndrome depends on several
factors including the cause of the arrest, bystander interventions,
early prehospital intervention, comorbidities and the duration of
the no- and low-flow time [6]. The extent of organ support treat-
ment after OHCA may therefore reflect a combination of several
factors.
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Parameter
1:Number of organ support therapies HR(Clgs)
A:Unadjusted
ICU with support of 0-1 organ > Ref
ICU with support of 2 organs — 0.83 (0.70-1.00)
ICU with support of 3 organs —_——————— 0.50 (0.30-0.83)
B: Adjusted
ICU with support of 0-1 organ 4 Ref
ICU with support of 2 organs ———— 0.82 (0.68-0.99)
ICU with support of 3 organs —_————————— 0.50 (0.30-0.83)
C: Fully Adjusted
ICU with support of 0-1 organ 3 Ref
ICU with support of 2 organs —_— 0.83 (0.68-1.01)
ICU with support of 3 organs —_——————— 0.50 (0.30-0.85)
2:Individual types of organ support therapies
A:Mechanical ventilation
ICU without mechanical ventilation 4 Ref
Mechanical ventilation in the ICU e 1.03 (0.77-1.39)
B:Cardiovascular support
ICU without Cardiovascular support > Ref
Cardiovascular support in the ICU ——— 0.81 (0.66-0.98)
C:Renal replacemement therapy
ICU without renal replacemement therapy 3 Ref
Renal replacemement therapy in the ICU —_—— 0.48 (0.30-0.78)
3 T 1
0.0 0.5 1.0 1.5

Hazard ratio

(95% Confidence intervals)

Fig. 3. Multivariable Cox regressions of return to work by: 1 Number of organ support therapies. 1A: Unadjusted, 1B: Adjusted for age, sex, educational level, status of
living alone, calendar year, chronic obstructive pulmonary disease, kidney disease, diabetes and ischemic heart disease.1C: Adjusted for age, sex, bystander cardiopulmonary
resuscitation and witness status, educational level, status of living alone, calendar year, chronic obstructive pulmonary disease, kidney disease, diabetes and ischemic heart.
2: Individual types of organ support therapies: 2A: Mechanical ventilation in the ICU adjusted for renal replacement therapy and cardiovascular support, 2B: Cardiovascular
supportin the ICU adjusted for renal replacement therapy, mechanical ventilation 2C: Renal replacement therapy in the ICU adjusted for cardiovascular support and mechanical
ventilation. All three model are adjusted for age, sex, educational level, status of living alone, calendar year, chronic obstructive pulmonary disease, kidney disease, diabetes
and ischemic heart disease. Data show return to work for 30-day survivors. Data show return to work for 30-day survivors. The hazard ratio denotes the realtive hazard rate
of return to work for the parameter compared to its reference after adjustment for confounders.

First, patients admitted to an ICU with higher numbers of organ
failures were more likely to suffer an unwitnessed arrest, less likely
to receive bystander interventions, and less likely to be awake at
hospital arrival. As such, the prognostic value of need of organ sup-
port therapy on return to work is likely to reflect the degree of
anoxic tissue injury caused by the arrest. This is supported by pre-
vious studies showing lower ICU admission rates and increased
return to work rates in patients with witnessed arrest and/or
bystander cardiopulmonary resuscitation [5,7,10]. Thus, our study
supports ongoing and future interventions that enhance the early
links in the chain of survival including early CPR and defibrillation.
However, when adjusting for prehospital variables and arrival-
status (comatose or awake), our findings remained unchanged,
indicating that need of organ support itself is a predictor of a worse
long-term outcome.

The number of organs support therapies reflect a combination of
severity of illness in combination with reluctance to initiate treat-
ment if futile. Futility may be affected by the prognosis, age and
comorbidities of the patient. However, clinicians may be prone
to offer organ support therapies, despite an unfavorable progno-
sis in younger OHCA patients working prior to arrest. Therefore
number of organ support therapies may to a large extent serve as
a proxy for organ failures and hereby severity of illness. Several
ICU-score-systems have previously been shown to be of low prog-
nostic value after OHCA [18-21]. Contrarily, both the Sepsis-related
Organ Failure Assessment (SOFA) score and the Pittsburg Cardiac
Arrest Category, based on SOFA in combination with neurologi-
cal symptoms is able to predict mortality and morbidity [9,22-24].

Therefore, it is plausible that an increasing degree of organ support,
and in particular RRT, reflects a severely injured OHCA-patient,
explaining the distinct prognostic impact of RRT found in this study.
Last, our study findings may reflect that the in-hospital course in
itself affects the ability to return to work. We found that non-ICU-
patients more often returned to work than patients admitted to
the ICU and this difference expanded with an increasing number
of organ support therapies. This difference could to some extent be
explained by the post-intensive care syndrome [25]. This syndrome
consists of physical, cognitive and mental impairments following
intensive care treatment, all with a potential effect on quality of life,
ability to return to work or otherwise function in society as before
ICU-admission. In this context, return to work is only a proxy for a
favourable outcome, as we do not know whether patients returned
to the same work as before arrest. Further we do not know reasons
for not returning as well as reasons for withdrawal, which may be
both physical, cognitive or emotional. It would be of great inter-
est to explore these outcomes in future studies. Our finding is in
line with previous studies, indicating that cardiac arrest in itself,
as well as respiratory failure and use of RRT all are risk factors for
development of post-intensive care syndrome [26-28].

Overall, our findings indicate that the severity of illness, mea-
sured by number of organ failures, is an independent and important
predictor of long-term prognosis in OHCA, and that the impact and
role of the in-hospital course on other long-term outcome mea-
sures may be further explored in future studies. The dose-response
relationship between organ support therapies and return to work
warrants a need to explore how organ dysfunction after OHCA is



132 S. Riddersholm et al. / Resuscitation 125 (2018) 126-134

Parameter HR(Clgs)

ICU:No organ support * Ref

ICU:Mechanical ventilation —_—— 0.87 (0.59-1.27)

ICU:Cardiovascular support —_— 0.58 (0.32-1.03)

ICU: Mechanical ventilation and cardiovascular support —— 0.71 (0.50-1.00)

ICU: Mechanical ventilation,cardiovascular support and RRT* —e——— 0.42 (0.23-0.76)
I T 1

0.0 0.5 1.0 1.5

Hazard ratio
(95% Confidence intervals)

Fig. 4. Multivariable cox regression of return to work by distributions and combinations of organ support. Adjusted for age, sex, educational level, status of living alone,
calendar year, chronic obstructive pulmonary disease, kidney disease, diabetes and ischemic heart disease, organ support.

related to physical and mental impairments leading to disability
to be able to use organ failure as a guide to inform relatives and
rehabilitation.

Limitations

Due to the observational character of the study, our findings
do not prove causality, however the purpose of this study was not
to address causality but rather to identify in-hospital predictors of
return to work.

Administration of organ support and treatment in the ICU may
be subject to selection, as physicians carefully select patients for
ICU-admission. However, distribution of organ support in patients
not surviving to day 30 was comparable to the distribution in our
study population and our findings remain after adjustment for age
and comorbidities. Due to the register-based design of the study
with limited in-hospital data available, we may have underesti-
mated the number of organ failures, as we were only able to identify
three types of organ support. For instance, liver-failure is not reg-
istered and in addition, we were not able to distinguish between
mechanical ventilation due to neurological or respiratory failure.
Further, given the small size of the group receiving RRT and the
group with support of three organs they may represent a biased
sample. However the proportion of patients receiving RRT is sim-
ilar to another study of OHCA patients [29]. This underestimation
of organ failure may explain the finding of the pronounced impact
of dialysis on return to work, as need of dialysis may be a marker
for other unmeasured organ failures as noted above. Several codes
used to define available organ support data have previously been
validated: Mechanical ventilation with a positive predictive value
(PPV) of 100% (95% CI: 95.1-100) and renal RRT with a PPV of
98.0% (95% C1:91.0-99.8) [ 30]. Both under-registration of the three

organ support types and reluctance to initiate treatment in patients
with worse prognosis would bias our findings toward no differ-
ence between groups. Employment data could also be subject to
misclassification. However, identifying a patient as working, using
the DREAM registry has been validated, and the positive predic-
tive value is as high as 98% [31]. Finally, some of the prehospital
variables had missing data which could introduce a bias. However,
analysis with missing data on prehospital variables did not differ
from results based on pooled analysis of imputed datasets. Unmea-
sured confounding,for instance, from unmeasured comorbidity and
social factors cannot be excluded. The same goes for residual con-
founding due to insufficient level of adjustment for confounders
already included in our analyses (e.g. quality of CPR). Importantly
our findings were robust and persisted in all analyses and across
strata of various variables indicating that the relationship between
organ-support and return to work after OHCA is real.

Conclusion

Admission to an ICU and increasing number of organ support
therapies during hospitalisation are strong independent predictors
of reduced chance of return to work, when compared to non-
ICU-patients. However, substantial proportions of 30-day survivors
were capable of returning to work across all strata of organ support
therapies, even among those with all three organs supported.
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