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Strengths and limitationsof this study

 ► There are few prior studies that have investigat-
ed the incidence, setting and consequences of 
in- hospital cardiac arrests (IHCA) after pulmonary 
aspiration.

 ► This observational study is based on data from a 
well- established nationwide cardiac arrest registry 
that covers the vast majority of hospitals in Sweden.

 ► Pulmonary aspiration as the aetiology of the IHCA is 
not a predefined aetiology in the Swedish Registry of 
Cardiopulmonary Resuscitation and may be variably 
reported, which may lead to underreporting and a 
potential selection bias to the cases where the aspi-
ration was particularly severe.

 ► The finding from this retrospective register study 
should be verified in prospective studies.

 ► Because of the rapid and dynamic nature of resusci-
tation, reporting of events and timing during resusci-
tation procedures are typically estimates.

AbStrACt
Objective To study characteristics and outcomes among 
patients with in- hospital cardiac arrest (IHCA) due to 
pulmonary aspiration.
Design A retrospective observational study based on 
data from the Swedish Registry of Cardiopulmonary 
Resuscitation (SRCR).
Setting The SRCR is a nationwide quality registry 
that covers 96% of all Swedish hospitals. Participating 
hospitals vary in size from secondary hospitals to 
university hospitals.
Participants The study included patients registered in the 
SRCR in the period 2008 to 2017. We compared patients 
with IHCA caused by pulmonary aspiration (n=127), to 
those with IHCA caused by respiratory failure of other 
causes (n=2197).
Primary and secondary outcome measures Primary 
outcome was 30- day survival. Secondary outcome was 
sustained return of spontaneous circulation (ROSC) defined 
as ROSC at the scene and admitted alive to the intensive 
care unit.
results In the aspiration group 80% of IHCA occurred on 
general wards, as compared with 63.6% in the respiratory 
failure group (p<0.001). Patients in the aspiration group 
were less likely to be monitored at the time of the arrest 
(18.5% vs 38%, p<0.001) and had a significantly lower 
rate of sustained ROSC (36.5% vs 51.6%, p=0.001). 
The unadjusted 30- day survival rate compared with 
the respiratory failure group was 7.9% versus 18.0%, 
p=0.024. In a propensity score analysis (including 
variables; year, age, gender, location of arrest, initial 
heart rhythm, ECG monitoring, witnessed collapse and a 
previous medical history of; cancer, myocardial infarction 
or heart failure) the OR for 30- day survival was 0.46 (95% 
CI 0.19 to 0.94).
Conclusions In- hospital cardiac arrest preceded by 
pulmonary aspiration occurred more often on general 
wards among unmonitored patients. These patients had a 
lower 30- day survival rate compared with IHCA caused by 
respiratory failure of other causes.

IntrODuCtIOn
In- hospital cardiac arrest (IHCA) is the most 
serious complication of critical illness among 
hospitalised patients. In Sweden in 2017 the 
incidence of IHCA was 1.7 per 1000 hospital 
admissions.1 Among patients with IHCA 

where advanced cardiac life support (ACLS) 
is initiated the survival rate has been reported 
to range between 17% to 30%.1–4 Initial heart 
rhythm has been reported to be the strongest 
predictor of survival, with a survival rate of 
about 50% if the initial rhythm is shockable, 
that is, ventricular fibrillation or pulseless 
ventricular tachycardia and about 10% if the 
initial rhythm is non- shockable, that is, asys-
tole or pulseless electrical activity.5–8 Previous 
studies have also identified a higher survival 
rate when the IHCA occurred in the intensive 
care unit (ICU), cardiology care units (CCU) 
or in the cardiac catheterisation laboratory 
as compared with on general wards (60% vs 
20%).9 10

Although difficult, it is of great importance 
to establish the cause of the cardiac arrest 
since the aetiology and its early recognition 
affect treatment and outcome.11 12 In one study 
around 10% of the IHCA patients reportedly 
had an associated episode of regurgitation of 
gastric content, although the authors did not 
differentiate between pulmonary aspiration 
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as a cause of the cardiac arrest or as an outcome.13 In 
out- of- hospital cardiac arrest (OHCA) pulmonary aspi-
ration of gastric content during the course of resuscita-
tion has been reported in 20% to 30% of the patients. 
However, most often it is not reported whether the aspi-
ration occurred prior, during or after cardiopulmonary 
resuscitation.14 15 In contrast to OHCA, IHCA patients are 
under a greater degree of observation and the patient’s 
condition prior to the cardiac arrest can often be diag-
nosed. Clinical deterioration is common prior to cardiac 
arrest and many IHCAs are considered preventable in 
retrospective reviews.16 There are few studies assessing 
the incidence and outcome for IHCA patients with an 
aetiology of pulmonary aspiration. Therefore, the aims of 
this study were to compare 30- day survival rate and rate of 
sustained return of spontaneous circulation (ROSC) in 
patients with IHCA with an aetiology of pulmonary aspi-
ration of gastric content with IHCA patients with an aeti-
ology of respiratory failure due to other causes.

MethODS
Study design and ethics
This is a retrospective observational study based on data 
from the Swedish Registry of Cardiopulmonary Resus-
citation (SRCR). Data were collected according to the 
Utstein template.

Patients
The study included patients registered in the SRCR 
from 1 January 2008 to 31 December 2017. We identi-
fied patients who suffered IHCA and received ACLS and 
whose aetiology was identified as either pulmonary aspi-
ration of gastric content (aspiration group) or respiratory 
failure (respiratory failure group).

the Swedish registry of Cardiopulmonary resuscitation
Registration of IHCA in the SRCR began in 2005. The 
registry includes all patients who suffer from cardiac 
arrest and receive ACLS in the hospital premises. The 
primary aim of the registry is to improve the quality of 
care among patients who suffer from IHCA and further-
more to study incidence, demographics and predictors 
of survival among these patients.1 During the first year 
(2005), 10 hospitals participated, since then the number 
of participating hospitals has increased to include 96% 
(70/73) of all Swedish hospitals in 2017. The hospitals 
vary in size from secondary hospitals with fewer than 50 
beds to university hospitals with over 1000 beds (range 45 
to 1165).17

Patients and public involvement
Patients and members of the public were not involved 
in the design or planning of the study. The SRCR is a 
national quality registry. All patients suffering an IHCA 
are enrolled in the registry. Survivors are later informed 
about their registration and that their participation is 
voluntary, such that they can withdraw their consent at 

any time. This is in accordance with Swedish and Euro-
pean regulations. The Swedish Registry of Cardiopulmo-
nary Resuscitation publishes an annual report open to 
public. Ethical approval is needed in order to use registry 
data.

Outcome
The primary outcome was 30- day survival. Secondary 
outcome included sustained ROSC, defined as ROSC at 
the scene and admitted alive to the ICU or CCU.

Data collection
Data from IHCA patients are entered in the SRCR in two 
steps. A registered nurse or the physician at the scene 
of the cardiac arrest reports information to the registry 
about the resuscitation procedures, including place, key 
time events (eg, time from collapse to alarm, time from 
collapse to ACLS, etc), initial cardiac rhythm, ECG moni-
toring, treatment and if the patient received ROSC. In 
a second step a registered nurse or physician affiliated 
with the registry fills out part two of the protocol based 
on the patient's medical records. This part contains infor-
mation regarding the probable aetiology of the cardiac 
arrest (ie, clinical condition before the collapse), 30- day 
survival, previous medical history, neurological function 
at discharge and post resuscitation care. Data is collected 
in accordance with the Utstein protocol.18

Aetiology of the IHCA in the registry is divided into 
eight categories: primary arrhythmia, myocardial infarc-
tion/ischaemia, hypotension, pulmonary oedema, respi-
ratory failure, other, unknown and unclear. This is a 
modification after Utstein’s recommendations.18 When 
the aetiology of the IHCA is considered to be multifac-
torial more than one aetiology will be registered. When 
pulmonary aspiration of gastric content has been regis-
tered as the aetiology of the IHCA it has been registered 
as the category ‘other’ and specified as pulmonary aspi-
ration in free text. In the registry respiratory failure is 
defined as: ‘Respiratory failure regardless of aetiology, 
known before the event of the cardiac arrest. Please note 
that the respiratory failure does not require ventilator 
treatment’. The SRCR only reports on patients with IHCA 
where resuscitation was attempted and patients with a ‘Do 
Not Resuscitate order’ are not included in SRCR. Thus 
prior to the IHCA patients did not have any restriction 
in care.

Statistical analysis
Continuous variables were reported as median with IQR 
or mean with SD, depending on the distribution. The 
study groups (aspiration group vs respiratory failure 
group) were compared using the χ2 test for dichotomous 
variables and the Wilcoxon two- sample test for contin-
uous variables.

A p value <0.05 was regarded as significant. Associations 
were described with ORs and 95% CIs.

A propensity score for developing IHCA due to aspira-
tion was computed with logistic regression. The propensity 
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Figure 1 Aetiologies for total number of patients who 
suffered from in- hospital cardiac arrest (IHCA), received 
advanced cardiac life support (ACLS) and were registered 
in the Swedish Registry of Cardiopulmonary Resuscitation 
(SRCR) during the study period 1 January 2008 to 31 
December 2017.

Table 1 Baseline characteristics in in- hospital cardiac 
arrest patients with aetiology of pulmonary aspiration versus 
respiratory failure

Aspiration 
group

Respiratory 
failure group

P value
n=127 – 
missing* n=1297 – missing*

Age; years, 
mean±SD

74.1±11.7 69.7±16.7 0.009

Sex; women 
(%)

54/127 (42.5) 930/2197 (42.3) 1.0

Previous history, n/N (%)

Myocardial 
infarction

18/125 (14.4) 349/2128 (16.4) 0.62

Heart failure 24/117 (20.5) 709/2050 (34.6) 0.002

Diabetes 34/127 (26.8) 571/2174 (26.3) 0.92

Stroke 21/126 (16.7) 257/2173 (11.8) 0.12

Cancer 35/124 (28.2) 465/2145 (21.7) 0.09

Renal 
dysfunction

69/121 (57.0) 1213/2007 (60.4) 0.5

*missing=number of patients where data were missing for specific 
variable.

score is the conditional probability of suffering an IHCA 
due to aspiration, given the characteristics described 
by the predictors included in the model. We used the 
propensity score as a covariate in the final model.19

The statistical analysis was performed using SAS soft-
ware V.9.4.

reSultS
baseline characteristics
During the study period a total of 22 126 IHCA patients 
were reported to the SRCR, the aetiology of the cardiac 
arrest during the study period was registered for 86% (20 
531) of these patients. In all, there were 127 patients in 
the aspiration group and 1297 patients in the respiratory 
failure group (figure 1). Of the 127 patients in the aspi-
ration group, 86 had aspiration registered as the only 
cause of the IHCA. A list of how these patients were regis-
tered in the SRCR is presented in the supplement (online 
supplementary table S1).

Compared with the respiratory failure group, patients in 
the aspiration group were significantly older, (74.1±11.7 vs 
69.7±16.7, p=0.009). There were no differences between 
the groups in terms of sex. Patients in the aspiration 
group were less likely to have a previous medical history 
of heart failure (20.5% compared with 34.6%, p=0.002). 
There were no differences between the two groups in 
terms of other comorbidities such as previous medical 
history of myocardial infarction, diabetes, stroke, cancer 
or renal dysfunction (table 1).

resuscitation characteristics and treatment
Patients in the aspiration group compared with patients in 
the respiratory failure group were significantly less likely 
to have a witnessed IHCA (67.5% vs 80.4%, p<0.001) or 
to be monitored at the time of the collapse (18.5% vs 
38.0%, p<0.001) (table 2).

There were no differences between the groups in terms 
of initial shockable rhythm, use of intubation, epineph-
rine or mechanical chest compression. IHCA in the aspi-
ration group significantly more often occurred on general 
wards (80.2% compared with 63.6%, p<0.001) and signifi-
cantly less often in the ICU (2.4% compared with 11.6%, 
p<0.001). There was no difference between the groups in 
regard to if the IHCA occurred in other high dependant 
wards such as CCU or cardiac catheterisation laboratory. 
In terms of key time events there were no differences 
between the groups with the exception of delay >3 min 
from collapse to defibrillation, which occurred more 
often in the aspiration group (table 2).

Outcomes
The aspiration group had a significantly lower 30- day 
survival rate than the respiratory failure group (7.9% 
compared with 18%, p=0.024) as well as a lower rate of 
sustained ROSC (table 3).

In the propensity score analysis the following vari-
ables were included: calendar year, age, sex, location of 
arrest, ECG monitoring, if the collapse was witnessed or 
not, initial heart rhythm and previous medical history of 
heart failure, myocardial infarction and cancer. The OR 
for 30- day survival was 0.46 (95% CI 0.19 to 0.94) in the 
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Table 2 Information of circumstances, location and time of IHCA patients with aetiology of pulmonary aspiration versus 
respiratory failure

Aspiration group Respiratory failure group

P valuen=127 – missing* n=2197 – missing*

Circumstances of IHCA, n/N (%)

Monday- Friday (08–20) 40/110 (36.4) 728/2058 (35.4) 0.84

Academic hospital 54/127 (42.5) 922/2197 (42) 0.93

Witnessed 85/126 (67.5) 1733/2156 (80.4) <0.001

ECG monitored 23/124 (18.5) 822/2162 (38.0) <0.001

Shockable rhythm 4/109 (3.7) 140/2006 (7.0) 0.24

Place of IHCA, n/N (%)

Coronary care unit 5/126 (4.0) 187/2187 (8.6) 0.07

Catheterisation laboratory 0/126 (0) 7/2180 (0.3) 1.0

Intensive care unit 3/126 (2.4) 253/2187 (11.6) <0.001

Operation theatre 0/126 (0.0) 20/2167 (0.9) 0.62

Emergency department 9/126 (7.1) 210/2187 (9.6) 0.43

General ward 101/126 (80.2) 1390/2187 (63.6) 0.001

Radiology department 7/126 (5.6) 90/2187 (4.1) 0.37

Other place 1/126 (0.8) 30/2187 (1.4) 1.0

Treatment and time of IHCA, n/N (%)

Defibrillation 13/124 (10.5) 330/2140 (15.4) 0.16

Intubation 83/126 (65.9) 1388/2141 (64.8) 0.85

Epinephrine 91/126 (72.2) 1708/2154 (79.3) 0.07

Mechanical chest compression 9/122 (7.4) 170/2085 (8.1) 0.87

Delay collapse – alarm >1 min 17/71 (23.9) 255/1388 (18.4) 0.27

Delay collapse – CPR >1 min 14/76 (18.4) 179/1594 (11.2) 0.07

Delay collapse – defibrillation >3 min 3/3 (100.0) 21/91 (23.1) 0.015

*missing=number of patients where data were missing for specific variable.
CPR, cardiopulmonary resuscitation; IHCA, in- hospital cardiac arrest.

Table 3 Outcome of in- hospital cardiac arrest patients with aetiology of pulmonary aspiration versus respiratory failure

Aspiration group Respiratory failure group

P valuen=127 – missing* n=2197 – missing*

30- day survival, n/N (%) 10/126 (7.9) 388/2154 (18.0) 0.024
Sustained ROSC, n/N (%) 46/126 (36.5) 1127/2186 (51.6) 0.001

*missing=number of patients where data were missing for specific variable.
ROSC, return of spontaneous circulation.

aspiration group compared with the respiratory failure 
group.

DISCuSSIOn
The main findings in this observational study, assessing 
IHCA due to pulmonary aspiration were that IHCA with 
the major aetiology of pulmonary aspiration occurred 
more often on general wards in unmonitored patients, 
when compared with IHCA with an aetiology of respira-
tory failure of other causes. When using propensity score 

to balance the factors before the cardiac arrest, aspiration 
was associated with a lower 30- day survival rate compared 
with cardiac arrests caused by respiratory failure of other 
causes. These findings are important and supports that 
a higher level of care may be considered in patients with 
increased risk of pulmonary aspiration to prevent aspi-
ration and potentially subsequent complications such as 
cardiac arrest.

Many IHCA are considered preventable when evalu-
ated in retrospective reviews. To prevent IHCA the key 
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element is identification of at- risk patients in combina-
tion with early interventions to prevent deterioration to 
cardiac arrest.20 If patients with risk of pulmonary aspi-
ration of gastric content can be identified and targeted 
interventions applied, some IHCA may be prevented. 
One measure could be to transfer at- risk patients to a 
higher level of care. In the aspiration group, 80% of IHCA 
occurred on general wards compared with 64% in the 
respiratory failure group. One explanation to this finding 
could be that respiratory failure of other reasons may 
develop over hours, leaving staff more time to recognise 
these patients and move them to a higher level of care, 
whereas aspiration generally has a more sudden onset. 
In addition, several studies have shown that patients who 
suffer IHCA on general wards, without ECG- monitoring 
are less likely to have witnessed collapse, a lower proba-
bility of an initial shockable rhythm and a lower 30- day 
survival.1 10 Predictive signs of deterioration and poten-
tially preventable causes of IHCA may be missed on 
general wards compared with wards with a higher rate of 
monitoring.10 21 22 In this cohort which only represented 
patients with IHCA due to respiratory causes and aspira-
tion, a majority of patients had their collapse on general 
wards and a minority at the intensive care or other moni-
tored units. These findings regarding where the IHCA 
occurred are in accordance with previous reports from 
Sweden and some other European countries, suggesting 
that about half of cases occur on general wards, about 
half in monitored wards and about 10% in intensive 
care units.1 3 23 These proportions may differ from other 
settings and specific patient populations.

The adjusted analysis on outcome is limited in our 
study as the number of patients in the aspiration group 
is small. In the propensity score we have included vari-
ables that in previous studies have been shown to affect 
outcome.1 When adjusting for these variables, pulmonary 
aspiration was associated with a lower 30- day survival rate. 
We checked the consistency of our results by1 computing 
propensity scores using gradient boosting, a machine 
learning algorithm, as well as2 using logistic regression, 
without propensity scores, and there were no material 
differences in the obtained ORs. The unadjusted rate of 
sustained ROSC was also lower in the aspiration group 
compared with the respiratory failure group, suggesting 
that cardiac arrests due to major pulmonary aspiration 
are more difficult to resuscitate compared with patients 
with other reasons to severe hypoxia.

The respiratory failure group was significantly younger 
compared with the aspiration group. Previous studies have 
reported a clear association between increasing age and 
poor outcome.23 24 However, these differences between 
the groups have been accounted for in the propensity 
score and the difference in 30- day survival remained.

In a prospective study by Stone et al, the incidence 
of regurgitation of gastric content prior to IHCA was 
reported to be about 10%. The authors did not further 
analyse this data or report the incidence of pulmonary 
aspiration of gastric content as a cause of the cardiac 

arrest. In a retrospective study of IHCA by Wallmuller et 
al, the proportion of pulmonary aspiration was reported 
to be about 1%. However, none of these studies investi-
gated the relation between pulmonary aspiration prior to 
IHCA and outcome.13 21 In our study the proportion was 
as low as 0.6% and the registration of pulmonary aspira-
tion as the aetiology of IHCA in the SRCR is most prob-
ably underreported, possibly due to the current system of 
reporting aetiologies. The potential benefit of identifying 
patients at risk of pulmonary aspiration and cardiac arrest 
may therefore be greater than the results that our study 
suggest.

Strengths and limitations
This is one of the few studies investigating cardiac arrest 
after pulmonary aspiration. One of the strengths of this 
observational study is that the register is well established 
and covers almost all hospital beds in Sweden. However, 
there are several limitations to consider. First, the cause 
of the cardiac arrest may be difficult to establish and may 
also be multifactorial. Second, pulmonary aspiration as 
the aetiology of the IHCA is not a predefined aetiology in 
the SRCR and thus is dependent on the registrar, which 
most likely contributes to underreporting of cases and 
those that are registered may have a major aspiration 
with disproportionately worse outcome. Thus, there is a 
risk that the present study mainly reports the most severe 
cases of pulmonary aspiration that lead to cardiac arrest. 
Third, since the register was introduced in 2005 hospitals 
have joined over time, which may introduce a selection 
bias. Fourth, recording and registering the correct time 
in minutes and seconds is due to the emergency of the 
situation challenging and it is important to acknowledge 
that the registered times are estimates. However, this is a 
non- differential classification error and would in general 
not contribute to any systematic differences between 
groups. In addition, in individual cases it may be diffi-
cult to assess when the aspiration occurred in relation to 
the collapse. However, the question that is raised in the 
registry addresses the clinical condition before and not 
during or after cardiac arrest.

Many future research challenges remain. There seems 
to be a knowledge gap with regard to the association 
between the severity of aspiration and the chance of 
survival when it is complicated by cardiac arrest. Further-
more, we do not know whether the outcome is different 
when the aspiration is the major cause of collapse and 
when it is a contributing factor only. Both these unan-
swered questions have relevance to the present study 
in which the research question was to address the cases 
where aspiration was the major cause of arrest. Finally, 
we do not know much about the mechanisms by which 
the aspiration leads to a cardiac arrest and if there are 
other risk factors than those described in this study that 
explain the low chance of survival among these patients. 
These are difficult research questions that will become a 
challenge to adequately address in the future.
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COnCluSIOn
In this nationwide observational study, IHCA after pulmo-
nary aspiration occurred more often on general wards 
and in unmonitored patients compared with cardiac 
arrest caused by respiratory failure of other causes. The 
30- day survival rate was significantly lower in patients 
with cardiac arrest with aetiology of pulmonary aspira-
tion compared with cardiac arrests caused by respiratory 
failure. Although this study may refer mainly to the most 
severe cases of aspiration that lead to IHCA, our data 
highlight the requirement of monitoring these patients 
and the obvious need to find strategies to prevent aspira-
tion among patients at risk for such a complication.
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