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Abstract

Background: Healthcare environment can affect health. Adverse events (AEs) are

common because rapid changes in the patients' status can suddenly arise, and have

serious consequences, especially in intensive care. The relationship between the

design of intensive care units (ICUs) and AEs has not been fully explored. Hence, an

intensive care room was refurbished with cyclic lightning, sound absorbents and

unique interior, and exterior design to promote health.

Aims: The aim of this study was to evaluate the differences between a regular and a

refurbished intensive care room in risk for AEs among critically ill patients.

Design: This study retrospectively evaluated associations of AEs and compared the

incidence of AEs in patients who were assigned to a multidisciplinary ICU in a

refurbished two-bed patient room with patients in the control rooms between 2011

and 2018.

Methods: There were 1938 patients included in this study (1382 in control rooms;

556 in the intervention room). Descriptive statistics were used to present the experi-

enced AEs. Binary logistic regressions were conducted to estimate the relationship

between the intervention/control rooms and variables concerning AEs. Statistical

significance was set at P < 0.05.

Results: For the frequency of AEs, there were no significant differences between the

intervention room and the control rooms (10.6% vs 11%, respectively, P < 0.805). No

findings indicated the intervention room (the refurbished room) had a significant

influence on decreasing the number of experienced AEs in critically ill patients.

Conclusions: The findings revealed a low incident of AEs in both the intervention

room as well as in the control rooms, lower than previously described. However, our

study did not find any decreases in the AEs due to the design of the rooms.

Relevance to clinical practice: Further research is needed to determine the relation-

ship between the physical environment and AEs in critically ill patients.
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1 | INTRODUCTION

The current study focussed on Adverse events (AEs) in critically ill

patients. An AE is defined as an injury related to medical manage-

ment that may be either preventable or non-preventable.1 Unfor-

tunately, AEs are relatively common with incidence rates ranging

from 29% to 83% in intensive care settings,2-4 and they have seri-

ous consequences, including death, among already vulnerable

patients with life-threatening conditions. However, AEs are often

preventable, and an improved healthcare environment could sup-

port and reduce the number of AEs. In 2010, a refurbished patient

room was constructed in an eight-bed intensive care unit (ICU).5-7

This multifaceted intervention was intended to improve the

health and wellbeing of critically ill patients. The components that

were implemented were a circadian light system, sound absor-

bents, access to nature, and organic textiles and furniture. The

room was refurbished according to the principles of evidence-

based design (EBD), which aims to create healing healthcare

facilities.8,9

2 | BACKGROUND

2.1 | Design of the ICUs

The care of severely ill patients in ICUs requires access to advanced

technical medical equipment. Therefore, the ICU environment is filled

with and dominated by sophisticated technology that both promotes

as well as hinders care.10-12 The high acuity in intensive care requires

immediate responses from the staff,13 and more invasive procedures

can elevate the risk of AEs.

Florence Nightingale14 acknowledged the importance of a suit-

able environment for promoting patients' health and wellbeing.

However, since her time, medical technology has evolved remarkably

and overshadowed the development of the healthcare environment.

In the intensive care setting, this has had an enormous impact on the

layout of patient rooms. Instead of integrating new machinery into

the design, the technology is placed wherever there is free space.

Thus, the healthcare environment is complex; however, the environ-

ment has the possibility of promoting health and wellbeing,

prolonging illness and even causing AEs and other healthcare-related

illnesses.15,16

The concept of EBD originated from a study by Ulrich17 where

patients had shorter length of stay (LoS) and needed less analgesia if

they were assigned to a patient room facing nature. Later, EBD

evolved by integrating knowledge from various research disciplines

into designing healing environments. This inspired the present

research project as a collaboration between researchers representing

various disciplines.7 Patient safety is complex and multifaceted, as

such; the healthcare environment and design of healthcare facilities

are important aspects to investigate to ensure patient safety and

overall wellbeing.18

2.2 | Adverse events and critically ill patients

In ICUs, rapid changes in a patient's status may suddenly occur and

quick decisions need to be made. This puts ICU patients at an

extremely high risk of iatrogenic injuries. An AE is defined as an

injury related to medical management that may be either prevent-

able or non-preventable.1 The AE prevalence among ICU patients is

relatively high with an incidence rate of 29%-83%.2-4 Moreover,

AEs have serious consequences because patients in the ICU are

already in an extremely delicate situation and facing life-threatening

illnesses or conditions.19-21 Thus, there is a significant correlation

between AEs and mortality rates in intensive care patients.22 Com-

plications and AEs often led to prolonged LoS both in the hospital

and ICU.3 Prolonged LoS has been shown to increase both the suf-

fering for patients and family members and the financial cost on

society.

Poor environments in ICUs can be potentially inimical for the

critically ill patients.23 Inappropriate lighting has been shown to

cause incidents and increased heart rates, indicating the patients

are under stress.24,25 Noise is often still found to be well above

the WHO recommendations, resulting in disturbed circadian

rhythm and causing delirium in intensive care patients.26,27 How-

ever, by improving the sound environment in the ICU, the fre-

quency of delirium in critically ill patients was found to decrease

significantly.28

AEs, such as hospital-acquired infections, have been shown to

decrease when evidence-based guidelines such as, ventilator-

associated pneumonia prevention guideline, are followed.29-32 In addi-

tion, the frequencies of infections were found to decrease substan-

tially depending on the design of the ICU and by caring for intensive

care patients in single-patient rooms rather than multibed rooms.33,34

The mortality rate has also been shown to be connected to the design

of the ICU. For instance, when patients were assigned to a low-

WHAT IS KNOWN ABOUT THIS TOPIC
• Healthcare environment can promote health and

wellbeing but can also cause illness.

• Critically ill patients have an extremely high risk of iatro-

genic injury.

• High nursing workload increases the risk of adverse

events in the ICU.

WHAT THIS PAPER ADDS
• The findings revealed much lower percentage of AEs than

previous research has reported.

• Larger changes in the physical environment than those

analysed are needed to affect the risk for AEs.

• Reporting AEs should be on the agenda on daily basis.
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visibility patient room, where the nurses were unable to see their

patients at all times, there was a significant increase in mortality rate

for the most severely ill patients.35,36

Previous research has claimed that patient safety and the preva-

lence of AEs could be improved with a better healthcare environ-

ment.15,16,25 When evaluating the lighting environment in the

intervention room, the patients perceived the intervention room dif-

ferently from the control room.37 The intervention room was addi-

tionally shown to strengthen the nurses' experiences of caring.38

Thus, this raised the question whether the implemented interventions

could affect patient safety and more specifically reduce AEs.

2.3 | Aim

The aim of this study was to evaluate the differences between a regu-

lar and a refurbished intensive care room in risk for AEs among criti-

cally ill patients.

TABLE 1 Patient characteristics in the control and intervention rooms

Control rooms, n = 1382 Intervention room, n = 556
P for differencea% (n)b % (n)b

Baseline characteristics

Female 44.1 (608) 48.0 (267) .113

Age, y, mean (min–max) 59.1 (0-99) 57.7 (0-95) .230c

Burden of care/day, mean (min-max) 12.0 (0.00-27.8) 11.7 (0.00-23.5) .280d

Length of stay (LoS), days, mean (min–max) 5.1 (0.03-60.1) 4.9 (0.06-53.4) .387d

Deceased (mortality) 11.8 (163) 15.3 (85) .037

Window bed 55.6 (768) 55.9 (311) .884

Reason for admission

Traumaf 12.0 (166) 9.7 (54) .149

Diseases of the respiratory system 44.0 (608) 46.4 (258) .335

Diseases of the circulatory system 28.1 (388) 29.0 (161) .697

Endocrine, nutritional and metabolic diseases 5.7 (79) 7.9 (44) .073

Diseases of the digestive system 25.3 (350) 23.4 (130) .370

Injury, poisoning and certain other consequences

of external causes

27.4 (378) 22.7 (126) .033

Patients' outcomes

Number of adverse events (AEs)

No AEs 89.0 (1230) 89.4 (497) .805

One AE 9.8 (136) 9.7 (54) .931

Two AEs 1.0 (14) 0.7 (4) .542

Three AEs 0.1 (2) 0.2 (1) 1.000

Specific AEs

Any AE 11 (152) 10.6 (59) .805

Ventilator-associated pneumonia (VAP) 1.6 (22) 3.2 (18) .021

Central line–associated bloodstream infection

(CLABSI)

0.9 (12) 0.2 (1) .125e

Night-time discharge 1.4 (19) 1.1 (6) .602

Reintubation 1.3 (18) 1.1 (6) .688

Readmission within 72 h 4.6 (64) 3.1 (17) .117

Other AE 1.3 (18) 1.1 (6) .688

aBased on χ2 tests unless otherwise stated.
b% (n) unless otherwise stated.
ct test.
dMann–Whitney.
eFisher's exact test.
fIncluded in “Injury, poisoning and certain other consequences of external causes.”
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3 | METHODS

This study retrospectively evaluated the associations of AEs in

patients assigned to a refurbished, two-bed patient room in an ICU

between 2011 and 2018.

3.1 | Setting

3.1.1 | Intervention room

The principles of EBD guided the refurbishment of a two-bed patient

room in 2010.7 Acoustic panels were built into the walls and ceiling,

and new flooring was installed. In addition, prototype pendulums were

installed, equipped with lights, electrical sockets, and medical gas sup-

plies. Cyclic lighting, mimicking dusk to dawn lighting, was installed. The

same medical and technical devices were used, and the room had equal

capacity to care for critically ill patients as the other patient rooms in

the unit. The walls were painted in soothing shades, all furnishings were

constructed with ecological materials and textiles, and comfortable fur-

niture was placed in the room for visitors. The room had a window and

door leading onto a patio with furniture and seasonal plants outside,

and the patio was accessible to patients and their relatives. Two regular

two-bed patient rooms, identical to the intervention rooms prior to

refurbishment, were used as control rooms. The control and interven-

tion rooms had the same medical and technical equipment, and the

control rooms also had a window and a door leading onto a patio but

without any furniture or plants. The staff could be allocated to any

patient room in the ICU. The three rooms included in the research were

situated in a row next to each other with the intervention room being

farthest from the nurse station. During the period of data collection,

the ICU was not refurbished, meaning all the patient rooms were kept

the same throughout the entire research period.

3.2 | Data collection and sample

Patient data were collected among patients admitted to the multi-

disciplinary ICU between 2011 and 2018. As can be seen in Table 1,

there were no significant differences in baseline characteristics.

Patients in the refurbished intervention room and two control rooms

were eligible to be included in the data collection for this study. If both

the intervention room and two control rooms were empty, the nurse in

charge randomly assigned the patients to one of the rooms. If any of

the rooms contained a patient, to conserve staffing resources, the adja-

cent bed space was filled before assigning a patient to an empty room.

The study sample consisted of all the admitted patients (N = 2337).

Patients who were only admitted for observation and those who did

not meet the criteria for intensive care were excluded from further

analysis (n = 399). Ultimately, 1938 patients were included in this study

(1382 in the control rooms and 556 in the intervention room).

The patients in all the rooms were treated and cared for using the

same guidelines, meaning that no other aspects other than the room

they were assigned to differed. The nurse–patient ratio was 1:1 or 1:2

in both the intervention room and control rooms. The nurses and

intensivists who cared for the patients reported AEs to registries as

they usually do. The Swedish Intensive Care Registry (SIR, is a national

quality registry for intensive care to which Swedish ICUs report AEs

(Figure 1). All AEs in the ICU were first reported in the hospital regis-

ters and then further reported to SIR as is standard protocol.

In the current study, all the reported AEs that were registered were

included, not only the AEs with an obvious link to the healthcare envi-

ronment. Due to their extremely low or non-existent occurrence, the

following AEs were not examined further: multidrug-resistant bacteria,

Clostridium difficile enterocolitis, severe hypoglycaemia originating in the

ICU, pneumothorax requiring treatment, endotracheal/tracheostomy

dysfunction leading to AEs and postoperative meningitis. However, they

were included in the totals for “Any AEs” and the number of AEs.

Data were retrospectively collected from patient registers. The

authors had no direct access to the medical records; therefore, the data

were collected from the administration office of the clinic. They were

anonymized prior to being given to the authors to preserve confidentiality.

3.3 | Ethical considerations

The data collection was approved by the Regional Ethics Committee

(No. 695-10), and institutional permission was obtained from the

Head of ICU and the Head of Department. In Sweden and other Nor-

dic countries, informed consent is not required for registry-based

studies.39 The hospital reports data to SIR, and the data can be

obtained from SIR. However, we obtained the data from the hospital

as we then also had access to the specific patient room where the

patients were treated. The study followed the principles of ethical

research as stated in the Declaration of Helsinki.40

3.4 | Data analysis

All analyses were performed using SPSS Statistics version 25 by IBM.

Descriptive statistics were used to present descriptive data on AEs in

F IGURE 1 Supplementary figure for the online version. Adverse
events (AEs) that intensive care units (ICUs) report to the Swedish
Intensive Care Registry (SIR)
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the patients who were assigned to the intervention and the control

rooms. Binary logistic regression was used to investigate the relation-

ship between the intervention/control room and variables concerning

AEs and complications. (Here, all were categorized as AEs). The statis-

tical significance was set at P < 0.05.

4 | RESULTS

A total of 1938 patients were included in this study, of which, 1382

were assigned to one of the two control rooms and 556 to the inter-

vention room (Table 1). Of the included patients, 1727 (89%) were

not reported to have any AEs. However, 211 patients (11%) had at

least one AE. Of the 211 patients with AEs, 190 patients were

reported as having one AE, 18 patients had two AEs, and 3 patients

had three AEs. When the frequency of AEs was controlled for, there

were no significant differences between the intervention room and

control rooms in terms of the number of AEs.

The proportion of patients with any kind of AE was 10.6% in the

intervention room and 11.0% in the control rooms. Readmission

within 72 hours was the most common AE (n = 81), whereas Central

line–associated bloodstream infection (CLABSI) (n = 13) had the low-

est frequency of the separately studied AEs.

The patients cared for in the intervention room were compared

with the patients in the control rooms (Table 1). More people in the

intervention room compared with those in the control rooms had

succumbed to their illnesses. There was a higher incidence of

Ventilator-associated pneumonia (VAP) in 2015 among the patients

in the intervention room (n = 5, 10%) than in the control rooms

(n = 0, 0%) where no VAP was reported (P < 0.001). There was no

significant difference in the VAP incidence in any other of the exam-

ined years, and if the data from 2015 were excluded, there would be

no significant differences between the intervention and control

rooms in the incidence of VAP (P = 0.359). Regarding reasons for

admission, the proportion with “injury, poisoning and certain other

consequences of external causes” was significantly lower in the

intervention room.

None of the patients who were admitted to the ICU as a result of

trauma had to be intubated again, and there was a lower percentage

of these patients in all the AEs, except night-time discharge, than

there were for other patient categories. The mean LoS was higher for

those patients with one or more AEs (11.3 days) compared with those

patients who had no complications (4.3 days).

Binary logistic regression was used to estimate the relationship

between the intervention/control room and variables concerning AEs.

Regressions were run on three different models (Table 2). Model 1 con-

trolled for the type of room (intervention versus control room), window

bed versus non-window bed, LoS and deceased versus not deceased. In

the fully adjusted model (model 3) age, sex, trauma versus no trauma,

reasons for admittance, burden of care, intubated versus not intubated

and tracheostomy versus no tracheostomy was additionally controlled.

The patients who were assigned to the intervention room had a ten-

dency towards lower risk for all AEs except VAP (Table 2), but none of

the differences were significant. The likelihood for VAP was signifi-

cantly higher in the intervention room (Table 2).

5 | DISCUSSION

The intervention room was refurbished with the intention of improv-

ing the outcomes and wellbeing of critically ill patients admitted to

the ICU. The findings revealed a low incidence rate of AEs, about

11%, in all of the examined patient rooms. This is a lower incidence

than what prior research has reported,2-4 also in Swedish settings of

critical care.41,42 There were no findings in this study that indicated

that the intervention room had any significant effect on decreasing

the number of AEs for the critically ill patients assigned to the

refurbished room. However, there was a tendency of fewer AEs for

the patients assigned to the intervention room. This noteworthy result

needs further and more specific research investigation. However, in

TABLE 2 Odds ratios (ORs) for an adverse event in the intervention room (reference category: control rooms)

Type of adverse event (AE)

Model

1 2 3

OR P-value CI OR P-value CI OR P-value CI

Any AE 0.98 .917 0.704-1.372 0.99 .948 0.708-1.382 0.98 .918 0.699-1.380

VAP 2.64 .006 1.327-5.234 2.63 .006 1.325-5.221 2.43 .013 1.210-4.891

CLABSI 0.21 .138 0.026-1.653 0.21 .143 0.027-1.689 0.21 .142 0.027-1.685

Night-time discharge 0.77 .573 0.303-1.937 0.77 .575 0.302-1.943 0.89 .814 0.345-2.305

Reintubation 0.83 .708 0.316-2.184 0.84 .728 0.320-2.217 0.72 .511 0.269-1.922

Readmission within 72 h 0.65 .126 0.379-1.126 0.68 .162 0.392-1.170 0.67 .147 0.383-1.155

Other AE 0.74 .533 0.289-1.901 0.77 .486 0.306-2.027 0.73 .531 0.279-1.930

Note: Model 1: controlled for window bed versus not window bed, length of stay (LoS) and deceased versus not deceased. Model 2: additionally controlled

for age and sex. Model 3: additionally controlled for trauma versus no trauma, reasons for admittance, burden of care, and intubated/tracheostomy versus

not intubated/tracheostomy patients.

Abbreviations: CLABSI, central venous line–associated bloodstream infection; VAP, ventilator-associated pneumonia.
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2015, VAP was significantly more frequent in the intervention room.

There was no significant difference in the likelihood for VAP in any of

the other examined years. It is impossible to draw any conclusions on

the reason for this result because we do not have any complementary

information.

A limitation of this study was that we had no access to the severity

of illness of the patients, and the result for 2015 could be linked to the

randomization, or lack thereof, of the patients. None of the patients in

the control rooms were reported to have VAP in 2015. In addition,

more deaths occurred in the intervention room, and this could have

influenced the randomization process. This may indicate that the staff

tended to place patients with more serious illnesses in the intervention

room, and such an argument could be considered in light of Liaschenko

et al's findings.43 They reported that, when caring for dying patients,

ICU nurses redesigned the bed spaces to create a more homely and

peaceful place with soft light, music and flowers. This could have

occurred and disturbed the randomization in this study. If the nurses

assigned the most vulnerable patients to the intervention room, it could

explain why the risk for VAP was higher in that room.

Because Ulrich17 found that a view of nature had positive effects

on patients' recovery, we tried to find positive aspects of being

assigned to window beds. Although all the beds had a view of nature

in both the intervention room and control rooms, the window beds

had extra access to the view of nature and greenery. However, no

associations between being assigned to a window bed and experienc-

ing AEs were found.

Earlier studies in intensive care settings concerning the healthcare

environment's influence on patient outcomes have had various

results. Some have found an environmental effect,44,45 while others

have not.46,47 It seems difficult to capture evidence in this research

area. In the present study, the included patients received medical

treatment and nursing care based on the same guidelines. To our

knowledge, the staff members were allocated to all patient rooms in

the unit. Nevertheless, there could have been a bias in staff allocation,

which affected the outcome due to individual differences among the

staff. All the rooms had the same equipment and access to the same

medications, thus no other aspects were different from the design of

the room to which the patients were assigned. Therefore, it may be

difficult to find any differences among the patient outcomes. When

exploring experiences of working in the intervention room, the partici-

pating nursing staff experienced working in the intervention room as

improving their own wellbeing and changing the way they cared for

patients.38 That was, however, not confirmed or observed as a differ-

ent behaviour among the staff.48

6 | LIMITATIONS

In terms of its strengths, this study included all registered AEs for

8 years (2011-2018), which is longer than most of the similar longitu-

dinal designs. The patient rooms that were included in this study all

contained the same medical and technological equipment, which

implies that the same level of care was provided. All the reported AEs

were included, although those with extremely low incidence were not

further examined.

Despite its strengths, the study also had limitations. Although the

intention was to randomly assign the patients to the different rooms,

as researchers, we had little control over how this process was truly

accomplished. The nurse in charge could have assigned terminal

patients to the intervention room for humanitarian reasons. There

may have been other aspects that were considered, such as the allo-

cation of the staff and the mandate to fill one room at a time before

opening another. Consequently, we could not evaluate the randomiza-

tion process. At the same time, this is what the unit always does when

assigning patients to their bed spaces, and therefore, this approach to

randomization is representative of this specific ICU workflow.

As the research group did not have access to the patients'

records, we relied on the administration office at the clinic. The data

depended on the registered AEs. We had no possibility to control mis-

sed reported AEs. We had to adjust our study to the data that were

routinely recorded by the clinic and could be given to us. For instance,

important data needed to control the findings of a higher incidence of

VAP in the intervention room, such as time on the ventilator, were

not accessible to us. Also missing were the Simplified Acute Physiol-

ogy Score III (SAPS III) scores.49 We contacted SIR to retrieve the

SAPS III scores because the ICU reports these scores to SIR. However,

when the scores were reported, they were organised in a way that

the patient room was not identified, and, therefore, the data could not

be matched to the intervention or control rooms.

7 | IMPLICATIONS AND
RECOMMENDATIONS FOR PRACTICE

The intensive care patients are individuals with different diagnoses,

anamneses, and outcomes. This makes it challenging to find single fac-

tors that have a decisive influence on patient outcomes. Moreover, the

complex setting of the ICU makes it difficult to conduct research with

ordinary methods. As such, new, refined research methods need to be

developed, tested, and implemented. Guidelines regarding reporting

AEs need to be implemented in the daily routine for the staff. It is also

difficult for the ICU staff to have different patient rooms in the same

unit. Therefore, we suggest doing baseline studies and intervention

research with a refurbished unit rather than a refurbished room.

8 | CONCLUSION

There was a low incidence of AEs in all the examined patient rooms,

much lower than other previous international and national studies have

found. Maybe this ICU standard room design is so refined that it

already decreases the number of AEs. Further comparisons among

countries or even hospitals need to be studied. This could also relate to

the reporting of incidents and AEs at the specific ICU. This was not

controlled in this study. However, we were unable to find that the

refurbished patient room with an enriched environment had any
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influence on decreasing AEs. The reason for this could be that the

design differences between the rooms were not extensive enough to

demonstrate any crucial outcomes concerning AEs and complications.

The impact of the environment on health outcomes in an ICU is multi-

faceted, which makes it challenging to isolate and tease apart all the

variables, such as patient circumstances complex interventions and

equipment, to determine which are influencing AEs. There is still a need

for additional research with design interventions and the impact of AEs.
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