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Abstract

Aim: This study aimed to identify the association between total visitation restriction because of the coronavirus
2019 (COVID-19) pandemic and the incidence of delirium for emergency inpatients.

Methods: This was a single-center, retrospective, observational cohort study conducted at a tertiary critical care
center in urban Kyoto, Japan. Adult emergency patients hospitalized between January 1, 2019, and June 30, 2020,
were recruited. In response to the COVID-19 pandemic, the authors’ hospital began restricted visitation on March
28, 2020. This study defined before visitation restriction as January 1, 2019, through March 31, 2020, and after
visitation restriction as April 1, 2020, through June 30, 2020. We did not restrict emergency services, and there were
no changes in the hospital’s routine, except for visitation restrictions. The primary outcome was the incidence of
delirium. The adjusted odds ratio (AOR) with 95% confidence interval (CI) for delirium incidence was calculated to
compare the before and after visitation restriction periods, and the logistic model was used to adjust for seven
variables: age, sex, ward type on admission, primary diagnosis, ventilator management, general anesthesia surgery,
and dementia.

Results: Study participants were 6264 patients, median age 74 years (56–83), and 3303 men (52.7%). The total
delirium incidence in entire research period was 2.5% (158 of 6264 patients), comprising 1.8% (95/5251) before
visitation restriction and 6.2% (63/1013) after visitation restriction. The AOR for delirium incidence was 3.79 (95% CI,
2.70–5.31) after visitation restriction versus before visitation restriction. Subgroup analysis showed no apparent
interaction for delirium incidence.

Conclusion: Visitation restriction was associated with an increased incidence of delirium in emergency inpatients.
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Background
The incidence of coronavirus disease (COVID-19) infec-
tions continues to increase worldwide. In Japan, a na-
tional state of emergency was declared on April 16,
2020, which was then lifted on May 25, 2020, once the
incidence was thought to have declined to a targeted
plateau; however, now the number of infections is again
increasing.
Prevention of transmission of the COVID-19 infection

within the hospital setting is important to maintain the
function of the hospital, and thus various measures have
been adopted to meet this goal. In particular, many hos-
pitals have restricted visits to inpatients by their family
members and close contacts. The hypothesis in this
study is that visitation restrictions to inpatients may in-
crease their risk of delirium. Delirium is defined as a
form of acute brain dysfunction that often occurs in
acute care settings [1] and is associated with many ad-
verse outcomes after hospitalization or discharge, includ-
ing increased mortality [2–14]. Prevention of the
development of delirium is important, and family en-
gagement is accordingly incorporated as an “F” compo-
nent in the ABCDEF bundle, which describes the
following strategy: assess, prevent, and manage pain;
both spontaneous awakening trials and spontaneous
breathing trials; choice of analgesia and sedation; delir-
ium: assess, prevent, and manage; early mobility and ex-
ercise, and family engagement and empowerment [15].
Therefore, visitations between patients and their families
are important to prevent the delirium [15, 16].
Despite the clinical importance of delirium in this pa-

tient setting, no reports to date have addressed the inci-
dence of delirium under visitation restrictions in
response to the COVID-19 pandemic. In context of this
pandemic and the unprecedentedly large scale of visit-
ation restriction, the purpose of this study was to iden-
tify the association between visitation restriction and the
incidence of delirium in emergency inpatients.

Methods
Study design
This study is a single-center, retrospective, observational,
cohort design. The study was approved by the Clinical
Research Ethics Committee of the Japanese Red Cross
Society Kyoto Daini Hospital (Approval ID Sp2020–7).
The ethics committee waived the requirement for in-
formed consent because of the anonymous nature of the
data.

Setting
The study was performed at the Japanese Red Cross So-
ciety Kyoto Daini Hospital in Kyoto City, Japan, which is
an urban area with a population of approximately 1.5
million. The total number of ambulance calls is

approximately 90,000 cases annually for the entire city
[17]. The authors’ 672-bed hospital is one of the four
critical care medical centers in Kyoto City and is located
at the center of the city. Generally, critical care medical
centers are certified by the Japanese Ministry of Health,
Labour and Welfare; can accept emergency and severely
ill patients transported by ambulance, including cardiac
arrest, trauma, stroke, and sepsis patients; and can pro-
vide the specialized treatment in an intensive care unit,
stroke care unit, and high care unit. In 2019, the total
number of emergency department cases was 7610 pa-
tients who arrived by ambulance and 20,769 patients
who were “walk-in” status, arriving by other means.

Study population
This study included all adult (age ≥ 18 years) patients
hospitalized for any causes via our emergency depart-
ment between January 1, 2019, and June 30, 2020.

Visitation restriction
In response to the COVID-19 pandemic in Japan, the
study hospital changed the visitation policy to restrict
visits beginning on March 28, 2020. The visit restrictions
meant that the patient’s family and other close contracts
were not allowed to visit the hospital ward or to have
contact with inpatients in principle even for short pe-
riods of time. The study intervention periods were de-
fined as before visitation restriction, from January 1,
2019, through March 31, 2020, and after visitation re-
striction, April 1, 2020, through June 30, 2020. We have
been accepting inpatients because of COVID-19 since
April, 2020, but this has not significantly affected our
normal practice and has not restricted our emergency
services. Even for inpatients, there were no changes in
the hospital’s routine, except for visitation restrictions.

Data collection
Clinical data were obtained by an electronic chart review
and the Japanese Diagnosis Procedure Combination
(DPC) database of the Japanese Red Cross Society Kyoto
Daini Hospital. These clinical data were collected
through the electronic chart review: date of admission
and discharge, patient age, patient sex, ward type on ad-
mission, and psychiatrists’ medical record about delir-
ium. The DPC database [18] includes administrative
claims and discharge abstract data for all inpatients. The
following information for each patient was recorded in
the DPC using a uniform data submission form: age; sex;
state of consciousness on admission/discharge; activities
of daily living on admission/discharge; primary diagno-
sis; comorbidities, including dementia, on admission;
post-admission complications coded using the Inter-
national Classification of Diseases, 10th Revision; med-
ical procedures, including ventilator management and
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general anesthesia surgery; and discharge status. Patients
were categorized by age as 18–64 years, 65–74 years, and
≥ 75 years, and by ward type on admission as emergency
ward and general ward; the emergency ward was defined
as the intensive care unit, stroke care unit, and high care
unit. Patients were categorized as having ventilator man-
agement if they required > 5 h of ventilator management.

Outcome
The primary outcome was the incidence of delirium. In
this hospital, the psychiatry department provides con-
sultation as needed for the inpatients who are hospital-
ized in other departments, including their psychiatric
diagnosis and intervention. Delirium in this study was
defined as receiving a diagnosis of delirium by the psy-
chiatrists and requiring their intervention for delirium
during hospitalization. Although delirium is challenging
to diagnose and is a diagnosis that tends to be missed
[2], this study focused on diagnostic accuracy and clinic-
ally problematic delirium by limiting the incidence of
delirium to that which required intervention by psychia-
trists. The psychiatry department diagnosed delirium ac-
cording to the 5th edition of American Psychiatric
Association’s Diagnostic and Statistical Manual of Men-
tal Disorders (DSM-5) [19], which is the current refer-
ence standard diagnostic criteria [20]. The policy in
psychiatric department to diagnose and manage the de-
lirium did not change over the study intervention pe-
riods of before and after visitation restriction.

Variables selection
Based on previous studies [1, 20–26], as potential con-
founding factors to assess the association between inci-
dence of delirium and visitation restriction, the study
used these seven variables: patient age, patient sex, ward
type on admission, primary diagnosis, ventilator manage-
ment, general anesthesia surgery, and dementia.

Sample size estimation
We estimated that at least 100–120 cases of delirium
would be required to account for the confounders using
a logistic model based on the generally accepted rule of
10 events per variable [27]. Considering this viewpoint,
we assumed that including cases from January 2019 to
March 2020 before restriction would result in an ad-
equate sample size to perform the analysis.

Statistical analysis
Data for patient characteristics were described as a median
with an interquartile range (IQR) for continuous variables
and as a number with percent for categorical variables. The
crude and adjusted odds ratios (AORs) of delirium incidence
with 95% confidence intervals (CIs) were identified using the
multivariable logistic model including all confounders.

Furthermore, subgroup analysis was conducted to evaluate
the interaction in the association between visitation restric-
tion and delirium incidence. Crude odds ratios with 95% CIs
were using univariable logistic regression models. In addition,
P values for interaction were calculated, and the interaction
was evaluated [28].
Moreover, we performed a sensitivity analysis that also

accounted for physiological severity as a covariate to demon-
strate the robustness of the primary analysis because of the
idea that patient severity might also be a potential con-
founder. However, we could not obtain the Sequential Organ
Failure Assessment (SOFA) score for all patients. Therefore,
we alternatively evaluated the physiological status as “as-
sumed SOFA score” using the following factors: level of con-
sciousness, ventilation management, catecholamine usage,
renal replacement therapy, and plasma exchange (see the de-
tail in Additional file 1). As in the sensitivity analysis, we
added “the assumed SOFA score” as a covariate and per-
formed logistic analysis similar to the primary analysis.
All P value analyses were two-sided, and P < 0.05 was

considered significant. Missing data were not replaced
or estimated. Statistical analyses were performed using
JMP Pro 14 software (SAS Institute, Cary, NC, USA).

Results
Patient characteristics
Of the total 7618 emergency patients admitted to the study
hospital through our emergency department between January
1, 2019, and June 30, 2020, on the basis of age < 18 years,
1354 patients were excluded. The remaining 6264 patients
were included for analysis (Fig. 1). Patient characteristics are
shown in Table 1. In summary, median age was 74 years
(IQR, 56–83), and 3303 (52.7%) patients were male. Baseline
characteristics were similar between the two cohorts. Detailed
primary diagnosis is described in Supplementary Table 2.

Outcome
The monthly incidence of delirium and the total number
of emergency admissions are shown in Fig. 2. The total
incidence of delirium in entire research period was 2.5%
(158/6264 patients). During the entire before visitation
restriction period (January 2019–March 2020), the delir-
ium incidence was 1.8% (95/5251) compared with a de-
lirium incidence of 6.2% (63/1013) for the after visitation
restriction period (April–June 2020).

Primary analysis
As the primary analysis, multivariable logistic regression
analysis showed that the AOR for incidence of delirium
after visitation restriction was 3.79 (95% CI, 2.70–5.31)
compared with before visitation restriction. Forest plots
of the AOR for delirium incidence after visitation re-
striction are shown in Fig. 3. The AORs of other con-
founders are shown in Supplementary Table 3.
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Subgroup analysis
Subgroup analysis showed that no apparent interaction
for delirium incidence was observed regardless of age,
ward type on admission, ventilator management, general
anesthesia surgery, or dementia (Fig. 4). The P values for
interaction were not significantly different in any of the
analyses. Subgroup analysis based on the primary

diagnosis was not attempted because each subgroup was
too small and the number of subgroup cases was too
small.

Sensitivity analysis
The AOR for the incidence of delirium after visitation
restriction was 3.71 (95% CI, 2.65–5.20). “The assumed

Fig. 1 Flowchart of the study population

Table 1 Patient characteristics before and after visitation restriction

Variables, number, (% or IQR) All patients
(N = 6264)

Visitation restriction

Before (January 2019–March 2020) (N = 5251) After (April 2020–June 2020) (N = 1013)

Age, years 74 [56–83] 74 [56–83] 75 [58–84]

Age group, n

18–64 years 2059 (32.9%) 1732 (33.0%) 327 (32.3%)

65–74 years 1094 (17.5%) 929 (17.7%) 165 (16.3%)

≥ 75 years 3111 (49.7%) 2590 (49.3%) 521 (51.4%)

Sex, male, n 3303 (52.7%) 2762 (52.6%) 541 (53.4%)

Primary diagnosis, n

Neurological disease 1243 (19.8%) 1038 (19.8%) 205 (20.2%)

Cardiovascular disease 794 (12.7%) 679 (12.9%) 115 (11.4%)

Respiratory disease 580 (9.3%) 480 (9.1%) 100 (9.9%)

COVID-19 infection 10 (0.2%) 0 (0.0%) 10 (1.0%)

Digestive disease 1249 (19.9%) 1040 (19.8%) 209 (20.6%)

Pregnancy, gynecological disease 413 (6.6%) 365 (7%) 48 (4.7%)

Trauma 1042 (16.6%) 876 (16.7%) 166 (16.4%)

Others 943 (15.1%) 773 (14.7%) 170 (16.8%)

Ward type on admission, n

Emergency ward 3089 (49.3%) 2615 (49.8%) 474 (46.8%)

General ward 3175 (50.7%) 2636 (50.2%) 539 (53.2%)

Ventilator management, n 615 (9.8%) 518 (9.9%) 97 (9.6%)

General anesthesia surgery, n 950 (15.2%) 783 (14.9%) 167 (16.5%)

Dementia, n 1161 (18.5%) 957 (18.2%) 204 (20.1%)

Death in hospital, n 431 (6.9%) 368 (7.0%) 63 (6.2%)

Values are median (interquartile range [IQR]) or number (percentage)
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SOFA score” as the patient severity of illness was 1.09
(95% CI, 1.02–1.17). The AORs of other confounders
are shown in Supplementary Table 4. The results of this
sensitivity analysis were nearly consistent compared with
those of the primary analysis, even after adjusting for pa-
tient severity; thus, we believe that the results of the pri-
mary analysis were robust.

Discussion
Key observation
This retrospective single-center observational study
showed an association between visitation restriction

during the COVID-19 pandemic and the incidence of
delirium among emergency inpatients. Furthermore,
subgroup analysis indicated that the visitation restriction
affect the delirium incidence regardless of the age, ward
type on admission, ventilator management, general
anesthesia surgery, and dementia.

Strengths of the study
One of the strengths of this study was that it was the
first to show that total visitation restriction was associ-
ated with the incidence of delirium in emergency inpa-
tients during visitation restriction. Although some

Fig. 2 Trends in the incidence of delirium in emergency inpatients. The bar graph shows the number of emergency inpatients. The line chart
shows the percentage of patients with delirium/emergency inpatients per month. The study hospital enforced visitation restrictions beginning
from March 28, 2020. An increase in the incidence of delirium was observed after the implementation of the visitation restriction

Fig. 3 Forest plots of adjusted odds ratio for delirium incidence of visitation restriction. The logistic model was used to adjust for seven variables:
age, sex, ward type on admission, primary diagnosis, ventilator management, general anesthesia surgery, and dementia
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studies have focused on the association between partial
limitation of visitation time and delirium in the intensive
care unit setting [29–31], an assessment of the interven-
tion of uniform and complete visitation restriction for
emergency inpatients have never been performed. Be-
cause it is practically impossible to this type of study
perform from an ethical standpoint, the association be-
tween total visitation restriction and the incidence of de-
lirium has not been examined. During the intervention
period for this present study, the entire world has faced
the unprecedented disaster of the COVID-19 pandemic,
and in response, medical facilities have had to imple-
ment the long-term visitation restrictions that have
never before been implemented. In this context, the
present study could investigate and show an association
between complete visitation restriction and the inci-
dence of delirium, which otherwise could not have been
examined and is a unique strength of this study.
The second strength of this study is that the results

are valid because the design is considered to be a kind of
natural experiment, defined as a way to assess the im-
pact of the intervention or changing policy for which
planned and controlled experimental research designs
may be infeasible or inappropriate to implement [32,
33]. Similar to a randomized controlled trial, the ap-
proach to this study has a strength in that the patient’s
background and treatment can be considered equipoise
before and after the intervention and that the effects of
unmeasured confounding may be less pronounced.
Therefore, this study design has recently attracted inter-
est as an alternative to randomized controlled trial [33].
Although a randomized trial on visitation restrictions is
neither practically nor ethically feasible to conduct, in
the case of this current study, the intervention of the vis-
itation restriction could be evaluated “as if” it was an ex-
periment, albeit not under control. Therefore, the

presence or absence of visitation restriction was consid-
ered to be the only variable in the two cohorts, and the
effect of unmeasured confounding was likely to be small.
In this regards, the results of this study would be highly
valid, and thus this validity appears to be a strength.

Interpretation of the results
To interpret the results of this study, the following po-
tential mechanisms are suggested: visitation restrictions
for families and close contacts may increase patients’
loneliness and anxiety in an unfamiliar hospital setting,
thereby reducing cognitive stimulation such as conversa-
tion and engagement with the external world, and these
factors may contribute to incidence of delirium. In gen-
eral, hospitalization alters the functioning in the patients’
family by threatening familial roles and communication
and by creating stress, anxiety, and discomfort for pa-
tients and families [34, 35]. Patients express their dis-
comfort as denial, hostility, and anger [35]. Visitation by
their family members can decrease their discomfort with
the daily routine of the hospital [36]. Visitation also pro-
motes stress relief, mental peace, and patient rest and re-
duces patient anxiety, anger, and hostility [34, 37].
Moreover, the presence of family in a critical care setting
has been suggested as a means to achieve better pain
control, to reduce the use of sedatives, and to contribute
to the reorientation and cognitive stimulation for pa-
tients [31]. These benefits have been associated with
lower incidence of delirium in studies evaluating multi-
component nonpharmacologic interventions to prevent
delirium; these guidelines emphasized the importance of
family involvement [15, 16, 31]. Family members also
desire to be physically present with the patient to en-
hance their emotional support [36, 37]. Therefore, the
authors of this current study believe that the visitation
restriction that interfered with this effective family

Fig. 4 Forest plots of the subgroup analysis for the impact of visitation restriction on the incidence of delirium
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support may have increased the incidence of delirium
for patients.
Furthermore, the authors suggest that the effect of the

visit restriction on the delirium incidence may be univer-
sal, regardless of the individual patient characteristics.
Subgroup analysis showed that visitation restriction af-
fected the delirium incidence regardless of the major risk
factors for delirium reported in previous literatures, such
as patient age, ward type on admission, ventilator man-
agement, general anesthesia surgery, and dementia [1,
20–26]. We hypothesized that the degree of visitation re-
striction might play an important role in the incidence
of delirium. The most recent randomized controlled
study on the effect of family visits on delirium incidence
demonstrated that there was no difference in delirium
incidence with different family visitation policies [29].
This randomized controlled study compared time-
limited (standard restricted visitation) and flexible visit-
ation (up to 12 h/day). As mentioned earlier, previous
studies have focused on the association between the par-
tial limitation of visitation time and delirium [29–31]. In
contrast, the present study focused on the association
between complete visitation restriction and the inci-
dence of delirium in emergency inpatients. Regarding
the difference between previous studies and our study,
the study populations might have played an important
role; however, from our subgroup analysis, visitation re-
striction was associated with delirium incidence irre-
spective of the patient age. Based on this foundation, the
effect of being forced into an extraordinary life during
hospitalization, in which the patient is unable to meet
family because of complete visitation restrictions, may
be an emotional burden for all type of patients.

Clinical and research implications
The authors believe that these results can be applied to
clinical practice through dual efforts to recognize the as-
sociation between visitation restriction and delirium in-
cidence and to prevent delirium. Even patients who do
not require emergency surgery or ventilator manage-
ment, such as those admitted to general wards, should
be alerted to the incidence of delirium during visitation
restriction; therefore, it is necessary for clinicians and
hospital staff to make a conscious effort to prevent delir-
ium by talking to the patient and providing other stim-
uli. The COVID-19 pandemic may continue well into
the future. This study highlighted that clinicians should
not solely focus on COVID-19 infection control alone
but also on the overall care of hospitalized patients,
which may have been neglected in the face of the pan-
demic. If it is not possible to alleviate visitation restric-
tions, then the authors believe that measures such as
online remote visitation systems to replace the trad-
itional hospital visitation may be necessary. Moreover,

the following research implications are suggested. Al-
though this study focused on emergency inpatients, it is
natural for the question to arise about the association
between visitation restriction and delirium among the
patients who have a planned admission and the differ-
ence between emergency versus planned admissions.
One hypothesis is that the impact of visitation restriction
may be stronger for emergency patients because of the
sudden hospitalization in contrast to planned admis-
sions. According to these considerations, further re-
search is needed for the association between visitation
restrictions and the incidence of delirium in hospitalized
patients with planned admissions and for the effects of
online or remote visitation systems.

Limitations
This study has several limitations. First, this study may
have an outcome detection bias. In our routine clinical
practice, patients emergently admitted to our hospital
were evaluated for the risks of delirium, such as age or
activity of daily living, and the clinicians carefully man-
aged them based on this risk screening. However, there
were no objective criteria to consult the psychiatry de-
partment. Therefore, the decision for consultation by in-
dividual chief physicians may have affected the
frequency of psychiatric consultations and the number
of delirium diagnoses. Because of the retrospective na-
ture of this study, the total number of psychiatry consul-
tations was not obtained, and we could not deal with
these risks of detection bias. In accordance, it may be
necessary to interpret the results with caution.
Second, the study did not consider the severity or dur-

ation of the delirium. The duration and extent of delir-
ium should have been considered; however, accurate
data for these points was not available from medical rec-
ord review. Third, some potential unmeasured con-
founders may influence the results. Fourth, regarding
the single-center study design, the generalizability of
these results to another hospital is unclear. Further study
will be necessary to eliminate these potential biases.

Conclusions
This study showed that visitation restriction was associ-
ated with an increased incidence of delirium for emer-
gency inpatients.
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logistic regression analysis for the incidence of delirium, included “the
assumed SOFA score” as a confounder.

Abbreviations
AOR: Adjusted odds ratio; CI: Confidence interval; COVID-19: Coronavirus
disease; DPC: Diagnosis procedure combination; IQR: Interquartile range;
SOFA: Sequential Organ Failure Assessment

Acknowledgements
We appreciate all the staff of the Japanese Red Cross Society Kyoto Daini
Hospital for their contribution.

Authors’ contributions
KK contributed to the conception and design of this work, formal analysis,
and writing the original draft. YO provided statistical advice on the study
design and analyzed the data. WI, HN, YM, and RI supervised the study. All
authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
The Ethics Committee of Japanese Red Cross Society Kyoto Daini Hospital
approved this study protocol (Sp2020–7), and the requirement of written
informed consent was waived.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Emergency and Critical Care Medicine, Japanese Red Cross
Society, Kyoto Daini Hospital, 355-5 Haruobicho Kamigyoku, Kyoto 602-8026,
Japan. 2Preventive Services, School of Public Health, Kyoto University, Kyoto,
Japan. 3Department of Primary Care and Emergency Medicine, Graduate
School of Medicine, Kyoto University, Kyoto, Japan. 4Department of
Psychiatry, Japanese Red Cross Society, Kyoto Daini Hospital, Kyoto, Japan.

Received: 6 October 2020 Accepted: 1 December 2020

References
1. Elie M, Cole MG, Primeau FJ, Bellavance F. Delirium risk factors in elderly

hospitalized patients. J Gen Intern Med. 1998;13:204–12.
2. Lee S, Gottlieb M, Mulhausen P, Wilbur J, Reisinger HS, Han JH, et al.

Recognition, prevention, and treatment of delirium in emergency
department: an evidence-based narrative review. Am J Emerg Med. 2020;38:
349–57.

3. Witlox J, Eurelings LS, de Jonghe JF, Kalisvaart KJ, Eikelenboom P, van Gool
WA. Delirium in elderly patients and the risk of postdischarge mortality,
institutionalization, and dementia: a meta-analysis. JAMA. 2010;304:443–51.

4. Ely EW, Shintani A, Truman B, Speroff T, Gordon SM, Jr Harrell FE, et al.
Delirium as a predictor of mortality in mechanically ventilated patients in
the intensive care unit. JAMA. 2004;291:1753–62.

5. Pauley E, Lishmanov A, Schumann S, Gala GJ, van Diepen S, Katz JN.
Delirium is a robust predictor of morbidity and mortality among critically ill
patients treated in the cardiac intensive care unit. Am Heart J. 2015;170:79–
86.

6. Saczynski JS, Marcantonio ER, Quach L, Fong TG, Gross A, Inouye SK, et al.
Cognitive trajectories after postoperative delirium. N Engl J Med. 2012;367:
30–9.

7. McCusker J, Cole MG, Dendukuri N, Belzile E. Does delirium increase hospital
stay? J Am Geriatr Soc. 2003;51:1539–46.

8. Shehabi Y, Riker RR, Bokesch PM, Wisemandle W, Shintani A, Ely EW, et al.
Delirium duration and mortality in lightly sedated, mechanically ventilated
intensive care patients. Crit Care Med. 2010;38:2311–8.

9. Girard TD, Jackson JC, Pandharipande PP, Pun BT, Thompson JL, Shintani AK,
et al. Delirium as a predictor of long-term cognitive impairment in survivors
of critical illness. Crit Care Med. 2010;38:1513–20.

10. Inouye SK, Rushing JT, Foreman MD, Palmer RM, Pompei P. Does delirium
contribute to poor hospital outcomes? A three-site epidemiologic study. J
Gen Intern Med. 1998;13:234–42.

11. Leslie DL, Inouye SK. The importance of delirium: economic and societal
costs. J Am Geriatr Soc. 2011;59:S241–3.

12. Cole MG, Primeau FJ. Prognosis of delirium in elderly hospital patients.
CMAJ. 1993;149:41–6.

13. Han JH, Vasilevskis EE, Chandrasekhar R, Liu X, Schnelle JF, Dittus RS, et al.
Delirium in the emergency department and its extension into
hospitalization (DELINEATE) study: effect on 6-month function and
cognition. J Am Geriatr Soc. 2017;65:1333–8.

14. Han JH, Shintani A, Eden S, Morandi A, Solberg LM, Schnelle J, et al.
Delirium in the emergency department: an independent predictor of death
within 6 months. Ann Emerg Med. 2010;56:244–52.

15. Ely EW. The ABCDEF bundle: science and philosophy of how ICU liberation
serves patients and families. Crit Care Med. 2017;45:321–30.

16. Rosenbloom-Brunton DA, Henneman EA, Inouye SK. Feasibility of family
participation in a delirium prevention program for hospitalized older adults.
J Gerontol Nurs. 2010;36:22–33.

17. Department KCF. Kyoto City Fire Department: Emergency statistics 2018/9/
26 https://www.city.kyoto.lg.jp/shobo/page/0000264515.html. Accessed 10
Sep 2020.

18. Tagami T, Matsui H, Fushimi K, Yasunaga H. Intravenous immunoglobulin
and mortality in pneumonia patients with septic shock: an observational
nationwide study. Clin Infect Dis. 2015;61:385–92.

19. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. 5th ed. Washington, DC: American Psychiatric Association;
2013.

20. Inouye SK, Westendorp RG, Saczynski JS. Delirium in elderly people. Lancet.
2014;383:911–22.

21. Van Rompaey B, Elseviers MM, Schuurmans MJ, Shortridge-Baggett LM,
Truijen S, Bossaert L. Risk factors for delirium in intensive care patients: a
prospective cohort study. Crit Care. 2009;13:R77.

22. Brummel NE, Girard TD. Preventing delirium in the intensive care unit. Crit
Care Clin. 2013;29:51–65.

23. Watt J, Tricco AC, Talbot-Hamon C, Rios P, Grudniewicz A, Wong C, et al.
Identifying older adults at risk of delirium following elective surgery: a
systematic review and meta-analysis. J Gen Intern Med. 2018;33:500–9.

24. Ahmed S, Leurent B, Sampson EL. Risk factors for incident delirium among
older people in acute hospital medical units: a systematic review and meta-
analysis. Age Ageing. 2014;43:326–33.

25. Vasilevskis EE, Han JH, Hughes CG, Ely EW. Epidemiology and risk factors for
delirium across hospital settings. Best Pract Res Clin Anaesthesiol. 2012;6:
277–87.

26. Lynch EP, Lazor MA, Gellis JE, Orav J, Goldman L, Marcantonio ER. The
impact of postoperative pain on the development of postoperative
delirium. Anesth Analg. 1998;86:781–5.

27. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study
of the number of events per variable in logistic regression analysis. J Clin
Epidemiol. 1996;49:1373–9.

28. Wang R, Lagakos SW, Ware JH, Hunter DJ, Drazen JM. Statistics in
medicine--reporting of subgroup analyses in clinical trials. N Engl J Med.
2007;357:2189–94.

29. Rosa RG, Falavigna M, da Silva DB, Sganzerla D, Santos MMS, Kochhann R,
et al. Effect of flexible family visitation on delirium among patients in the
intensive care unit: the ICU visits randomized clinical trial. JAMA. 2019;322:
216–28.

30. Nassar Junior AP, Besen BAMP, Robinson CC, Falavigna M, Teixeira C, Rosa
RG. Flexible versus restrictive visiting policies in ICUs: a systematic review
and meta-analysis. Crit Care Med. 2018;46:1175–80.

31. Rosa RG, Tonietto TF, da Silva DB, Gutierres FA, Ascoli AM, Madeira LC, et al.
Effectiveness and safety of an extended ICU visitation model for delirium
prevention: a before and after study. Crit Care Med. 2017;45:1660–7.

32. Craig P, Cooper C, Gunnell D, Haw S, Lawson K, Macintyre S, et al. Using
natural experiments to evaluate population health interventions: new

Kandori et al. Journal of Intensive Care            (2020) 8:90 Page 8 of 9

https://www.city.kyoto.lg.jp/shobo/page/0000264515.html


Medical Research Council guidance. J Epidemiol Community Health. 2012;
66:1182–6.

33. Craig P, Katikireddi SV, Leyland A, Popham F. Natural experiments: an
overview of methods, approaches, and contributions to public health
intervention research. Annu Rev Public Health. 2017;38:39–56.

34. Simpson T, Wilson D, Mucken N, Martin S, West E, Guinn N. Implementation
and evaluation of a liberalized visiting policy. Am J Crit Care. 1996;5:420–6.

35. Cleveland AM. ICU visitation policies. Nurs Manag. 1994;25:80A–B 80D.
36. Gonzalez CE, Carroll DL, Elliott JS, Fitzgerald PA, Vallent HJ. Visiting

preferences of patients in the intensive care unit and in a complex care
medical unit. Am J Crit Care. 2004;13:194–8.

37. Roland P, Russell J, Richards KC, Sullivan SC. Visitation in critical care:
processes and outcomes of a performance improvement initiative. J Nurs
Care Qual. 2001;15:18–26.

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

Kandori et al. Journal of Intensive Care            (2020) 8:90 Page 9 of 9


	Abstract
	Aim
	Methods
	Results
	Conclusion

	Background
	Methods
	Study design
	Setting
	Study population
	Visitation restriction
	Data collection
	Outcome
	Variables selection
	Sample size estimation
	Statistical analysis

	Results
	Patient characteristics
	Outcome
	Primary analysis
	Subgroup analysis
	Sensitivity analysis

	Discussion
	Key observation
	Strengths of the study
	Interpretation of the results
	Clinical and research implications
	Limitations

	Conclusions
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

