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Abstract

Background: It is proposed that patients in single-occupancy patient rooms (SPRs) carry a risk of less
surveillance by nursing and medical staff and that resuscitation teams need longer to arrive in case of
in-hospital cardiac arrest (IHCA). Higher incidences of IHCA and worse outcomes after cardio-
pulmonary resuscitation (CPR) may be the result. Objectives: Our study examines whether there is a
difference in incidence and outcomes of IHCA before and after the transition from a hospital with
multibedded rooms to solely SPRs. Methods: In this prospective observational study in a Dutch
university hospital, as a part of the Resuscitation Outcomes in the Netherlands study, we reviewed all
cases of IHCA on general adult wards in a period of 16.5 months before to 16.5 months after the
transition to SPRs. Results: During the study period, 102 CPR attempts were performed: 51 in the
former hospital and 51 in the new hospital. Median time between last-seen-well and start basic life
support did not differ significantly, nor did median time to arrival of the CPR team. Survival rates to
hospital discharge were 30.0% versus 29.4% of resuscitated patients (p = 1.00), with comparable
neurological outcomes: 86.7% of discharged patients in the new hospital had Cerebral Performance
Category | (good cerebral performance) versus 46.7% in the former hospital (b = .067). When
corrected for telemetry monitoring, these differences were still nonsignificant. Conclusions: The
transition to a 100% SPR hospital had no negative impact on incidence, survival rates, and neurological
outcomes of IHCAs on general adult wards.

'Section Nursing Science, Department of Internal Medicine, Erasmus University Medical Center, Rotterdam, the Netherlands
2Department of Intensive Care, lkazia Hospital, Rotterdam, the Netherlands

3Department of Intensive Care, Erasmus University Medical Center, Rotterdam, the Netherlands

4Department of Anesthesiology, Erasmus University Medical Center, Rotterdam, the Netherlands

*Department of Anesthesiology and Intensive Care, Bravis Hospital, Bergen op Zoom, the Netherlands

Corresponding Author:
Ralph Pruijsten, MD, Department of Intensive Care, lkazia Hospital, Montessoriweg |, 3083 AN Rotterdam, the Netherlands.
Email: r.pruijsten@erasmusmc.nl


mailto:r.pruijsten@erasmusmc.nl
https://sagepub.com/journals-permissions
https://doi.org/10.1177/19375867241226600
http://journals.sagepub.com/home/her
http://crossmark.crossref.org/dialog/?doi=10.1177%2F19375867241226600&domain=pdf&date_stamp=2024-02-23

Health Environments Research & Design Journal XX(X)

Keywords

single-occupancy rooms, hospital design, cardiac arrest, cardio pulmonary resuscitation, advanced

cardiac life support

Introduction

An in-hospital cardiac arrest (IHCA) is the most
severe adverse event for hospitalized patients. A
systematic review described 1-6 IHCA events per
1,000 hospital admissions (Schluep et al., 2018).
Cardiopulmonary resuscitation (CPR), aimed to
restore circulation, leads to survival-to-discharge
rates of 15.0% and 17.6% (Schluep et al., 2018,
Zhu et al., 2016). Previous studies have demon-
strated that outcomes are affected by nonmodifi-
able patient characteristics like age, gender, and
preexisting conditions, and modifiable event char-
acteristics like the location of the IHCA (Andersen
et al., 2019; Piscator et al., 2019). The current
European Resuscitation Council (ERC) guidelines
emphasize the important role of early recognition
of a circulatory arrest within the resuscitation
“chain-of-survival,” because this is associated with
improved outcomes (Kronick et al., 2015).

A potential threat for early recognition of an
IHCA is the transition from multibedded patient
rooms to single-occupancy patient rooms (SPRs).
Worldwide, more and more hospitals choose to
transition to 100% SPRs (Maben et al., 2015).
Benefits of this trend include improved patient
well-being and privacy and better infection con-
trol (Cusack et al., 2023; Nash et al., 2021;
Schreuder et al., 2016; Ulrich et al., 2006). How-
ever, disadvantages have also been described,
such as feelings of isolation and reduced social
interactions of patients (Taylor et al., 2018). In
addition, Sendergaard and colleagues showed in a
recent scoping review that nurses report longer
walking distances and stress of worrying about
missing data, jeopardizing patient safety (Sender-
gaard et al., 2022). However, little is known about
the relationship between SPRs and important
clinical outcomes such as IHCAs.

In May 2018, our university medical center,
located in Rotterdam, the Netherlands, relocated
to a newly built hospital with 100% SPRs. To
address concerns raised by our own staff, as well
as a lack of evidence pertaining to this subject, we

decided to conduct the current study. The aim of
this study was to see whether the incidence and
outcomes of IHCAs in the new setting with solely
SPRs differed from that in the one with mainly
multibedded patient rooms.

The aim of this study was to see whether
the incidence and outcomes of IHCAs in
the new setting with solely SPRs differed
from that in the one with mainly
multibedded patient rooms.

Method
Design

Our study is a prospective before—after study in a
large university hospital (1,125 beds) embedded in
two larger studies: one evaluating the effects of the
transition from a hospital with mainly multibedded
rooms to solely SPRs on nurses and patients (WEL-
COME; approval of this study was obtained from
the Medical Ethics Committee of Erasmus Univer-
sity Medical Center Rotterdam, the Netherlands
[MEC-2017-1103]) and one examining outcomes
after in-hospital resuscitation (ROUTINE; Schluep
et al., 2021). The ROUTINE study was considered
subject to the ‘Wet medisch-wetenschappelijk
onderzoek met mensen’ (meaning ‘Dutch Medical
Research Involving Human Subjects Act’) and was
approved by the Erasmus University Medical
Centre Medical Ethics Committee (MEC
2016-563/NL-55661.078.16).

Data of the former hospital were collected
from January 1, 2017 through May 18, 2018
(16.5 months). The relocation to the new hospital
took place on May 18, 2018. Data of the new
hospital were collected from May 19, 2018
through September 9, 2019 (16.5 months).

Setting and Patients

All general adult nursing wards of our hospital
were involved in this study. In the former
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hospital, each of these wards held around 32 beds
and mainly contained two-person and four-person
rooms. In some circumstances, a two-person
room was used as a single-patient room. The
wards in the new hospital each have around
24-32 SPRs. Intensive care units, operating
rooms, cardiac catheterization laboratory, and the
emergency department were excluded because
they provide continuous monitoring of all vital
signs, and the staff was already accustomed to
single rooms in the old setting. We excluded
patients who had already been resuscitated out-
side the hospital within 24 hr prior to a new
cardiac arrest and children aged 16 or younger.
The usage of telemetry monitoring (three-lead
electrocardiogram (ECQ)), in which patients con-
tinuously carry a telemetry box so they can freely
mobilize on the ward, was not an exclusion cri-
terion. The reason for this was that this category
of patients had also relocated from multibedded
rooms to SPRs. To be able to compare groups
with and without telemetry monitoring, we regis-
tered whether or not patients carried this
monitoring.

In case of a IHCA, medical and nursing staff
started basic life support (BLS) and immediately
alerted the CPR team. This team started advanced
life support (ALS). All healthcare professionals
of our hospital are trained to provide BLS, to the
standards of the ERC.

Outcome Measures

Primary outcome measure was the incidence of
resuscitations, secondary outcome measures were
return of spontaneous circulation, cause of car-
diac arrest, delay in start BLS and lead time of
the CPR team (delay in start ALS), survival to
discharge, and Cerebral Performance Category
(CPC) score at discharge.

Data Collection

All patients were prospectively included through
registrations done by the in-house CPR-team, and
registrations were crosschecked with ICU-
admissions for cardiac arrest. For both quality
registration, as financial administration purposes,
all CPR attempts are registered as anesthesiology

consultations. All data were extracted from
the Electronic Patient File and entered into
OpenClinica system for trial registration.
In-hospital follow-up was done by the main
investigator (M.S.) until hospital discharge. After
discharge, survival was checked with the Dutch
Personal Records Database (BRP). CPR was
defined as starting chest compressions in the
absence of signs of circulation. Delay to BLS was
defined as the time between last-seen-well and
start of CPR. For each cardiac arrest, it was docu-
mented whether it was witnessed or not. The
arrest was considered witnessed if the loss of con-
sciousness and the circulatory arrest occurred in
the presence of nursing or medical staff. The lead
time of the CPR team was documented in the
patient file by the nursing staff. The first observed
heart rhythm after connection of the defibrillator
by the CPR team was also documented. We
looked at discharge destination and the CPC
score, which provides insight into cognitive func-
tioning, and the Age-adjusted Charlson Comor-
bidity Index (ACCI), which provides a prognosis
of the 1-year survival rate given the comorbidity
(Edgren et al., 1994; Quan et al., 2011). Pseudo-
nymized data of the patients and resuscitations
were collected from the patient files and stored
on a secure server of the hospital.

Data Analysis

The data were analyzed using IBM Statistical
Package for the Social Sciences 28 (BM SPSS
Statistics for Windows, Version 28.0, Armonk,
NY: IBM Corp). To compare the data of former
and new hospital, a x test or Fisher exact test was
used as appropriate for categorical variables and a
t test or Mann—Whitney U test for continuous
variables. Statistical significance was defined as
p <.05.

Results

Patient Characteristics

A total of 102 resuscitations were performed on
general adult patient wards during the study
period. It concerned 51 in the former hospital
(with mainly multibedded patient rooms) and
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Table I. Patient Characteristics of All Resuscitations on Patient Wards in Former and New Hospital.

Former Hospital, New Hospital, Total,
Patient Characteristics N =5l N =35I N =102 p Value
Sex: man, n (%) 35 (68.6) 35 (68.6) 70 (68.6) 1.000
Age: years, mean (SD) 64.4 (10.9) 65.1 (14.0) 64.8 (12.5) 770
Age-adjusted Charlson Comorbidity 4 (3-6) 5 (3-6) 4 (3-6) 264
Index, median (IQR)
Body mass index, mean (SD) 26.5 (3.9) 26.1 (4.8)° 26.3 (4.4) .605
Smoking, n (%) 597
Yes 7(13.7) 12 (23.5) 19 (18.6)
Quit 18 (35.3) 14 (27.5) 32 (31.4)
No 20 (39.2) 18 (35.3) 38 (37.3)
Unknown 6(11.8) 7 (13.7) 13 (12.7)
Admission specialty, n (%) .358
Cardiology 6(11.8) 9(17.6) 15 (14.7)
Surgery 12 (23.5) 15 (29.4) 27 (26.5)
Internal medicine 8 (15.7) 8 (15.7) 16 (15.7)
Cardiothoracic surgery 7 (13.7) Il (21.6) 18 (17.6)
Pulmonary medicine 8 (15.7) 2 (3.9 10 (9.8)
Neurology 4(7.8) I (2.0) 5 (4.9)
Neurosurgery 2 (3.9 1 (2.0) 3(29)
Gastroenterology and hepatology 2 (3.9 1 (2.0) 3(2.9)
Ear, nose, and throat surgeries 0 2 (3.9 2 (2.0
Urology I (2.0 I (2.0) 2 (2.0)
Gynecology I (2.0) 0 1 (1.0)

Note. IQR = interquartile range
*Two missing values (4%).

51 in the new hospital (with solely SPRs). An
overview of patient characteristics is given in
Table 1. Mostly men suffered cardiac arrests:
68.6% in the former hospital and 68.6% in the
new hospital (p = 1.000). No significant differ-
ences in patient age, Age-adjusted Charlson
Comorbidity Index (ACCI), body mass index
(BMI), and proportion of smokers between the
two groups were found. Both before and after
the transition to the new hospital, the majority
of resuscitated patients were admitted to surgi-
cal wards.

Of the 27 resuscitated patients with admission
specialty surgery, eight patients (29.6%) had under-
gone surgery less than 72 hr ago. The other patients
had undergone surgery longer ago or were not post-
operative. There was one surgical emergency
(necrotizing fasciitis) and no trauma emergencies.
Of the 18 resuscitated patients with admission spe-
cialty cardiothoracic surgery, five patients (27.8%)
had undergone surgery less than 72 hr ago. There

were three cardiothoracic surgical emergencies:
two patients with type A aortic dissection and one
patient with cardiac tamponade.

Characteristics of the IHCA and Outcomes

Table 2 shows the characteristics of the cardiac
arrests and their outcomes after resuscitation in the
former versus the new hospital. The majority of
the arrests in both groups were witnessed: 74.5%
versus 78.4% (p = .816). A majority of these were
witnessed by the nursing staff (60 of 78: 76.9%; 29
in the former and 31 in the new hospital). The
other arrests were witnessed by physicians, visi-
tors, or fellow patients. First observed heart
rhythm established at rhythm check did not differ
significantly before and after relocation. Most fre-
quent first-registered heart rhythm in both groups
was pulseless electric activity (PEA). Of the 57
patients with a PEA arrest, the most common
cause was hypoxia (21 patients, 36.8% of PEA
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Table 2. Characteristics of Circulatory Arrests and Outcomes of Resuscitations in Former and New Hospital.
Characteristics of Circulatory Arrests and Former Hospital, New Hospital, Total,
Outcomes of Resuscitations N =75l N =15l N =102 p Value
Witnessed arrest, n (%) 38 (74.5) 40 (78.4) 78 (76.5) 816
Telemetry monitoring, n (%) 12 (23.5) 16 (31.4) 28 (27.5) .506
First observed heart rhythm, n (%) .196
Asystole 12 (23.5) 15 (29.4) 27 (26.5)
Pulseless electrical activity 30 (58.8) 27 (52.9) 57 (55.9)
Ventricular fibrillation 6 (11.8) 6(11.8) 12 (11.8)
Pulseless ventricular tachycardia 3 (5.9 0 3(2.9)
Unknown 0 3 (5.9) 3(29)
Time between last-seen-well and start 0 [0-3] 0 [0-1] 0 [0-2] 351
basic life support (minutes), median [IQR] (range: 0-50) (range: 0—-105)  (range: 0—105)
Time to arrival CPR team and start advanced 3 [2-5] 4 [2-57° 3 [2-5] 212
life support (minutes), median [IQR] (range: 0-10) (range: 0—-10)  (range: 0-10)
Return of spontaneous circulation (ROSC), 30 (58.8) 31 (60.8) 61 (59.8) 1.000
yes, n (%)
Survival to discharge, yes, n (% of CPRs) 15 (30.0) 15 (29.4) 30 (29.7) 1.000

Note. IQR = interquartile range; CPR = cardiopulmonary resuscitation.
3Three missing values (6%). °Two of the CPR procedures involved the same patient, during the same hospital admission.

arrests), mostly based on (aspiration) pneumonia
or mucus stasis. Other common causes were sepsis
with multiorgan failure (eight patients, 14.0%),
bradycardia/Atrioventricular conduction disorders
(seven patients, 12.3%) and pulmonary embolisms
(six patients, 10.5%). The proportion of asystole as
first observed rhythm did not differ between the
two groups (p = .654). Median time between last-
seen-well and start BLS was 0 min in both groups
(p = .351). In the former hospital, four resuscitated
patients (7.8%) were last seen well more than 10
min before the start of BLS (range 20—50 min). In
the new hospital, these were five patients (9.8%;
range 15-105 min). The other resuscitated patients
(>90%) were conscious and responsive 10 min or
shorter before the start of BLS. Most patients were
able to alert the nursing staff themselves before the
cardiac arrest, or the nursing staff kept an extra eye
on the patients because they were clinically
deteriorating. In a few cases, the nurses were
alerted by visitors or fellow patients. Median
time delay until start ALS after starting BLS was
3 versus 4 min (p = .212). Return of spontaneous
circulation was achieved in more than half of the
cases of CPR in both groups, 58.8% versus and
60.8%. In the former hospital, 30.0% of
resuscitated patients survived until hospital
discharge, versus 29.4% in the new hospital.

At hospital discharge, the CPC score was 1
(good cerebral performance, no or mild disabil-
ity) in 46.7% in the former hospital and 86.7% in
the new hospital (» = .067) as shown in Table 3.
The majority of patients could be discharged
home: 73.3% versus 66.7%.

We could not obtain exact bed occupancy data
during the study period, since the organizational
structure of the nursing wards in the new hospital
is different from that of the former hospital. We
assume that occupancy rates were comparable in
both study periods, as the total annual number of
inpatient nursing days was approximately the
same in 2017-2019. Staff numbers and disci-
plines were the same in both settings. There was
a (balanced) reduction in beds a few days before
and after the transition. The incidence rate of
resuscitations for the entire hospital (including
monitored departments such as critical care units,
emergency rooms, and operating rooms) during
the study period was 1.5/1,000 admissions in the
former hospital and 1.7/1,000 in the new hospital
(p = .952). Because we could not obtain the exact
number of admissions to the patient wards
included in our study during the study period,
an incidence rate could not be calculated. How-
ever, we expect no significant difference with
hospital-wide data.
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Table 3. Cognitive State and Destination of Discharged Patients.

Cognitive State and Destination of Former Hospital, New Hospital, Total,
Discharged Patients N=15 N=15 N =30 p Value
Cerebral performance category, n (%) .067
I: Good cerebral performance, no or 7 (46.7) 13 (86.7) 20 (66.7)
mild disability
2: Moderate disability, independent 3 (20.0) 0 3 (10.0)
in activities of daily living
3: Severe disability, dependent in activities 5(33.3) 2 (13.3) 7 (23.3)
of daily living
4: Coma or vegetative state 0 0 0
Discharge destination, n (%) 295
Home 11 (73.3) 10 (66.7) 21 (70.0)
Rehabilitation center 1 (6.7) 0 1 (3.3)
Nursing home 3 (20.0) 2 (13.3) 5(16.7)
Other hospital 0 3 (20.0) 3 (10.0)

Telemetry Versus Nontelemetry Monitoring

As shown in Table 2, 23.5% of resuscitated
patients in the former hospital and 31.4% in the
new hospital were on telemetry (p = .506). After
excluding the patients on telemetry, no signifi-
cant differences between former and new hospital
were seen for all outcomes.

Discussion

In this prospective observational study, we found
no difference in incidence of IHCA at general
adult nursing wards, before and after the transi-
tion from a hospital with mainly multibedded
patient rooms to one with solely single-patient
occupancy rooms.

In this prospective observational study, we
found no difference in incidence of IHCA
at general adult nursing wards, before and
after the transition from a hospital with
mainly multibedded patient rooms to one
with solely single-patient occupancy
rooms.

There are no studies of the relation between
SPRs and the incidence of IHCAs. A recent study
of Haschemi et al. comes closest to the situation
of SPRs. They investigated the relation between
patients who were isolated for infection control
precautions and their outcome after an IHCA

(Haschemi et al., 2022). Studies on incidence of
other adverse events (i.e., fall incidents, infection
rates, and delirium), before and after transition to
SPRs, show heterogeneous results. Singh et al.
found a significant increase in fall incidence, the
group of Maben found only a temporary increase
in falls and Hussain et al. found no significant
difference (Hussain et al., 2023; Maben et al.,
2015; Singh et al., 2015). Hussain and colleagues
hypothesize that falls might not solely be the con-
sequence of staying in a SPR but caused by intrin-
sic patient factors (Hussain et al., 2023).

A second important finding in our study was
the fact that no difference in first established heart
rhythm and survival to discharge was found after
moving to solely SPRs. This is of particular inter-
est. Since asystole is the final common path for all
types of cardiac arrests, the arrest is likely to have
lasted longer when the primary arrest rhythm is
asystole, as opposed to PEA, ventricular fibrilla-
tion, or pulseless ventricular tachycardia (Parish
et al., 2018).

A second important finding in our study
was the fact that no difference in first
established heart rhythm and survival to
discharge was found after moving to
solely SPRs.

A proposed disadvantage of the relocation to
100% SPRs is a delay in early recognition of
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cardiac arrests in patients on general wards.
Proposed reasons are less surveillance of nursing
staff, lack of social control by fellow patients, and
outstretched architecture resulting in longer walk-
ing distances (Maben et al., 2016; Sendergaard
et al., 2022; Ulrich et al., 2006). Our findings
suggest that this was not the case; times between
last-seen-well and start BLS are comparable in
former and new hospital, even after excluding
patients on telemetry monitoring. We expected
that in a setting with solely SPRs, a smaller pro-
portion of the IHCAs would be witnessed by
healthcare workers. However, in both situations,
a similar majority of more than 70% of IHCAs
were witnessed by nursing and/or medical staff.
These findings are in contrast with the findings of
Haschemi et al. They found a factor 1.5 lower
survival rate, as well as worse neurological out-
come after an ITHCA for isolated patients
(Haschemi et al., 2022). As in our study, a large
majority of first established heart rhythm after the
cardiac arrests were nonshockable (PEA and
asystole). However, Haschemi and colleagues
describe a higher proportion of nonshockable
rhythms in the group of isolated patients than in
the group of nonisolated patients. This finding
could be an indication of a longer time delay
between occurrence of the cardiac arrests and
start of BLS in this group, leading to poorer out-
comes, as stated by the authors as well. In our
study, almost all patients in SPRs were noniso-
lated patients. Possible disadvantages of isolation
such as reduced visibility of the patients for the
nursing and medical staffs, fewer visits, and the
necessity of protective equipment for the staff,
delaying CPR, may have played a lesser role in
our situation.

Strengths and Limitations

A strength of this study is its prospective design.
Furthermore, we included patients on several sur-
gical and nonsurgical nursing wards of different
medical disciplines, which increases the diversity
of our sample. We performed the study in two
situations, before and after the relocation of the
hospital, where other possible influencing factors
on outcomes of [HCA and CPR remained largely
unchanged, such as BLS- and ALS-training of the

staff, the composition of the CPR teams, proto-
cols, and work processes.

Two limitations of the study need to be
addressed. First, it is a single-center study with
relatively small numbers of cardiac arrests; this
format needs to be repeated in other study sites
with higher inclusion rates to confirm our
conclusions. Second, the completeness of the
information obtained is related to the comple-
teness of the reports of medical and nursing
staff present during CPR. For the cardiac
arrests that were not witnessed, time of last-
seen-well was documented by the medical
and/or nursing staff of the ward. In case of
incomplete registration, the data were supple-
mented afterward within 24 hr.

Conclusions

In our hospital, transition to 100% single-patient
occupancy rooms has had no negative impact on
the incidence, survival rates, and neurological
outcomes of IHCA on general adult wards. The
results of this study might contribute to a better
understanding of the influence of SPRs in hospi-
tals on patient safety.

The results of this study might contribute
to a better understanding of the influence
of SPRs in hospitals on patient safety.

Implications for Practice

e SPRs on general adult wards do not seem to
lead to an increased risk of IHCA.

e Survival rates and neurological outcomes of
IHCA on general adult wards seem compa-
rable for SPRs and multibedded rooms.

Acknowledgment

The authors would like to thank Ko Hagoort for
text-editing.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.



Health Environments Research & Design Journal XX(X)

Funding

The author(s) received no financial support for
the research, authorship, and/or publication of
this article.

References

Andersen, L. W., Holmberg, M. J., Berg, K. M.,
Donnino, M. W., & Granfeldt, A. (2019).
In-hospital cardiac arrest: A review. JAMA, 321(12),
1200-1210. https://doi.org/10.1001/jama.2019.1696

Cusack, L., Munt, R., Verdonk, N., Schultz, T., &
Maben, J. (2023). Comparison of experiences of
nursing staff and patients before and after move to
100% single-bed room hospital in Australia: Mixed
methods. BMC Health Services Research, 23(1),
81. https://doi.org/10.1186/s12913-023-09073-8

Edgren, E., Hedstrand, U., Kelsey, S., Sutton-Tyrrell,
K., & Safar, P. (1994). Assessment of neurological
prognosis in comatose survivors of cardiac arrest.
BRCT I Study Group. Lancet (London, England),
343(8905), 1055-1059. https://doi.org/10.1016/
s0140-6736(94)90179-1

Haschemi, J., Marc Haurand, J., Oehler, D., Westenfeld,
R., Kelm, M., & Horn, P. (2022). Fatal outcome of
isolated patients who suffered an in-hospital cardiac
arrest. Resuscitation, 178, 1-7. https://doi.org/
10.1016/j.resuscitation.2022.06.024

Hussain, F., van Dijk, M., Oudshoorn, C., & Ista, E.
(2023). Falls incidence compared between a
multibedded ward hospital and a 100% single-
occupancy room hospital: An uncontrolled before-
after study. Health Environments Research &
Design Journal, 16(1), 131-141. https://doi.org/
10.1177/19375867221123607

Kronick, S. L., Kurz, M. C., Lin, S., Edelson, D. P.,
Berg, R. A., Billi, J. E., Cabanas, J. G., Cone, D. C.,
Diercks, D. B., Foster, J. J., Meeks, R. A., Travers,
A. H., & Welsford, M. (2015). Part 4: Systems of
care and continuous quality improvement: 2015
American Heart Association guidelines update
for cardiopulmonary resuscitation and emergency
cardiovascular care. Circulation, 132(18 Suppl
2), S397-S413. https://doi.org/10.1161/CIR.
0000000000000258

Maben, J., Griffiths, P., Penfold, C., Simon, M.,
Anderson, J. E., Robert, G., Pizzo, E., Hughes,
J., Murrells, T., & Barlow, J. (2016). One size
fits all? Mixed methods evaluation of the impact

of 100% single-room accommodation on staff
and patient experience, safety and costs. BMJ
Quality & Safety, 25(4), 241-256. https://doi.
org/10.1136/bmjqs-2015-004265

Maben, J., Griffiths, P., Penfold, C., Simon, M., Pizzo,
E., Anderson, J., Robert, G., Hughes, J., Murrells,
T., Brearley, S., & Barlow, J. (2015). Evaluating a
major innovation in hospital design: Workforce
implications and impact on patient and staff experi-
ences of all single room hospital accommodation.
Health and Social Care Delivery Research, 3(3).
https://doi.org/10.3310/hsdr03030

Nash, D., O’Rourke, T., Memmott, P., & Haynes, M.
(2021). Indigenous preferences for inpatient rooms
in Australian hospitals: A mixed-methods study in
cross-cultural design. Health Environments
Research & Design Journal, 14(1), 174-189.
https://doi.org/10.1177/1937586720925552

Parish, D. C., Goyal, H., & Dane, F. C. (2018).
Mechanism of death: There’s more to it than sudden
cardiac arrest. Journal of Thoracic Disease, 10(5),
3081-3087. https://doi.org/10.21037/jtd.2018.04.
113

Piscator, E., Goransson, K., Forsberg, S., Bottai, M.,
Ebell, M., Herlitz, J., & Djarv, T. (2019). Prearrest
prediction of favourable neurological survival fol-
lowing in-hospital cardiac arrest: The Prediction of
outcome for In-Hospital Cardiac Arrest (PIHCA)
score. Resuscitation, 143, 92-99. https://doi.org/
10.1016/j.resuscitation.2019.08.010

Quan, H., Li, B., Couris, C. M., Fushimi, K., Graham,
P., Hider, P., Januel, J. M., & Sundararajan, V.
(2011). Updating and validating the Charlson
comorbidity index and score for risk adjustment in
hospital discharge abstracts using data from 6 coun-
tries. American Journal of Epidemiology, 173(6),
676—682. https://doi.org/10.1093/aje/kwq433

Schluep, M., Gravesteijn, B. Y., Stolker, R. J.,
Endeman, H., & Hoeks, S. E. (2018). One-year
survival after in-hospital cardiac arrest: A sys-
tematic review and meta-analysis. Resuscitation,
132, 90-100. https://doi.org/10.1016/j.resuscita
tion.2018.09.001

Schluep, M., Hoeks, S. E., Blans, M., van den Bogaard,
B., Koopman-van Gemert, A., Kuijs, C., Hukshorn,
C., van der Meer, N., Knook, M., van Melsen, T.,
Peters, R., Perik, P., Simons, K., Spijkers, G.,
Vermeijden, W., Wils, E. J., Robert Jan Stolker,
R. J., & Rik Endeman, H. (2021). Long-term


https://doi.org/10.1001/jama.2019.1696
https://doi.org/10.1186/s12913-023-09073-8
https://doi.org/10.1016/s0140-6736&lpar;94&rpar;90179-1
https://doi.org/10.1016/s0140-6736&lpar;94&rpar;90179-1
https://doi.org/10.1016/j.resuscitation.2022.06.024
https://doi.org/10.1016/j.resuscitation.2022.06.024
https://doi.org/10.1177/19375867221123607
https://doi.org/10.1177/19375867221123607
https://doi.org/10.1161/CIR.0000000000000258
https://doi.org/10.1161/CIR.0000000000000258
https://doi.org/10.1136/bmjqs-2015-004265
https://doi.org/10.1136/bmjqs-2015-004265
http://doi.org/10.3310/hsdr03030
https://doi.org/10.1177/1937586720925552
https://doi.org/10.21037/jtd.2018.04.113
https://doi.org/10.21037/jtd.2018.04.113
https://doi.org/10.1016/j.resuscitation.2019.08.010
https://doi.org/10.1016/j.resuscitation.2019.08.010
https://doi.org/10.1093/aje/kwq433
https://doi.org/10.1016/j.resuscitation.2018.09.001
https://doi.org/10.1016/j.resuscitation.2018.09.001

Pruijsten et al.

survival and health-related quality of life after
in-hospital cardiac arrest. Resuscitation, 167,
297-306. https://doi.org/10.1016/j.resuscitation.
2021.07.006

Schreuder, E., Lebesque, L., & Bottenheft, C. (2016).
Healing environments: What design factors really
matter according to patients? An exploratory anal-
ysis. Health Environments Research & Design
Journal, 10(1), 87-105. https://doi.org/10.1177/
1937586716643951

Singh, 1., Okeke, J., & Edwards, C. (2015). Outcome of
in-patient falls in hospitals with 100% single rooms
and multi-bedded wards. Age and Ageing, 44(6),
1032-1035. https://doi.org/10.1093/ageing/afv124

Sendergaard, S. F., Beedholm, K., Kolbzk, R., &
Frederiksen, K. (2022). Patients’ and nurses’
experiences of all single-room hospital accommo-
dation: A scoping review. Health Environments

Research & Design Journal, 15(1), 292-314.
https://doi.org/10.1177/19375867211047548

Taylor, E., Card, A. J., & Piatkowski, M. (2018).
Single-occupancy patient rooms: A systematic
review of the literature since 2006. Health Environ-
ments Research & Design Journal, 11(1), 85-100.
https://doi.org/10.1177/1937586718755110

Ulrich, R. S. (2006). Essay: Evidence-based health-
care architecture. The Lancet, 368, S38-S39.
https://www.proquest.com/scholarly-journals/
essay-evidence-based-health-care-architecture/doc
view/199067283/se-2

Zhu, A., & Zhang, J. (2016). Meta-analysis of
outcomes of the 2005 and 2010 cardiopulmonary
resuscitation guidelines for adults with in-hospital
cardiac arrest. The American Journal of Emergency
Medicine, 34(6), 1133-1139. https://doi.org/
10.1016/j.ajem.2016.03.008


https://doi.org/10.1016/j.resuscitation.2021.07.006
https://doi.org/10.1016/j.resuscitation.2021.07.006
https://doi.org/10.1177/1937586716643951
https://doi.org/10.1177/1937586716643951
https://doi.org/10.1093/ageing/afv124
https://doi.org/10.1177/19375867211047548
https://doi.org/10.1177/1937586718755110
https://www.proquest.com/scholarly-journals/essay-evidence-based-health-care-architecture/docview/199067283/se-2
https://www.proquest.com/scholarly-journals/essay-evidence-based-health-care-architecture/docview/199067283/se-2
https://www.proquest.com/scholarly-journals/essay-evidence-based-health-care-architecture/docview/199067283/se-2
https://doi.org/10.1016/j.ajem.2016.03.008
https://doi.org/10.1016/j.ajem.2016.03.008


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


