
Critical Care Explorations	 www.ccejournal.org          1

DOI: 10.1097/CCE.0000000000000353

Copyright © 2021 The Authors. 
Published by Wolters Kluwer Health, 
Inc. on behalf of the Society of Critical 
Care Medicine. This is an open-access 
article distributed under the terms of 
the Creative Commons Attribution-
Non Commercial-No Derivatives 
License 4.0 (CCBY-NC-ND), where it 
is permissible to download and share 
the work provided it is properly cited. 
The work cannot be changed in any 
way or used commercially without 
permission from the journal.

OBJECTIVES: To investigate implementation of evidence-based and sup-
portive cares in ICUs, such as the ABCDEF, nutrition therapy, and ICU 
diary, for patients with coronavirus disease 2019 infection in ICUs and 
their association with ICU clinical practice and setting.

DESIGN: A worldwide, 2-day point prevalence study.

SETTING: The study was carried out on June 3, 2020, and July 1, 2020. 
A total of 212 ICUs in 38 countries participated. Clinicians in each partici-
pating ICU completed web-based online surveys.

PATIENTS: The ICU patients with coronavirus disease 2019.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: The implementation rate 
for the elements of the ABCDEF bundle, other supportive ICU care meas-
ures, and implementation-associated structures were investigated. Data 
were collected for 262 patients, of whom 47.3% underwent mechanical 
ventilation and 4.6% were treated with extracorporeal membrane ox-
ygenation. Each element was implemented for the following percent-
ages of patients: elements A (regular pain assessment), 45%; B (both 
spontaneous awakening and breathing trials), 28%; C (regular sedation 
assessment), 52%; D (regular delirium assessment), 35%; E (early mo-
bility and exercise), 47%; and F (family engagement and empowerment), 
16%. The implementation of element E was 4% for patients on mechan-
ical ventilation and 8% for patients on extracorporeal membrane oxygen-
ation. Supportive care, such as protein provision throughout the ICU 
stay (under 1.2 g/kg for more than 50% of the patients) and introduction 
of ICU diary (25%), was infrequent. Implementation rates of elements 
A and D were higher in ICUs with specific protocols and fewer ICU 
beds exclusively for patients with coronavirus disease 2019 infection. 
Element E was implemented at a higher rate in ICUs that had more ICU 
beds assigned for them.

CONCLUSIONS: This point prevalence study showed low implemen-
tation of the ABCDEF bundle. Specific protocols and the number of 
ICU beds reserved for patients with coronavirus disease 2019 infection 
might be key factors for delivering appropriate supportive care.

KEY WORDS: intensive care unit liberation bundle; novel coronavirus; 
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It is clear that evidence-based and supportive ICU 
care synchronized with treatment of the under-
lying disease should be the standard of care to 

prevent weakness and disabilities in patients after res-
olution of their critical illness (1–3). The ABCDEF 
bundle is a collection of six elements which represents 
an evidence-based approach for clinicians to opti-
mize patients recovery and outcomes in ICU (1), the 
guidelines for the prevention and management of pain, 
agitation/sedation, delirium, immobility, and sleep 
disruption in the ICU (2), and nutrition guidelines (3, 
4), are key elements that have been shown not only to 
decrease mortality and morbidity (5), but also to reha-
bilitate functional abilities and health-related quality of 
life (6). A variety of guidelines recommend incorpora-
tion of these evidence-based approaches into clinical 
ICU practice (1–3), according to the local situation 
and available resources (7, 8).

However, the novel coronavirus pandemic (severe 
acute respiratory syndrome coronavirus 2) rapidly 
changed ICU practice internationally (9). Challenges 
include an inadequate number of beds to meet the 
staggering increase in the number of patients with 
coronavirus disease 2019 (COVID-19) infection (10) 
and insufficient interprofessional staff resources to 
meet the demand (11). These challenges may reduce 
the quality of clinical care in ICUs, thereby worsening 
outcomes and increasing mortality (12). In addition, 
recent evidence has highlighted the severe physical 
disabilities and prolonged symptoms during recovery 
from COVID-19 infection, which limit patients’ daily 
activities and quality of life after discharge from the 
hospital (13–16). Thus, an enhanced recovery pro-
gram that optimizes evidence-based ICU care and 
patient recovery is essential (15–18). Despite spe-
cific recommendations for ICU care, such as using 
the ABCDEF bundle (19–22) and providing adequate 
nutrition (23, 24) that could enhance the effect of the 
bundle if synchronized (1, 3, 4), data demonstrating 
implementation of these aspects of care in the ICU 
are insufficient. There are serious concerns regarding 
second waves in many countries, and these data are 
essential to improve future patient outcomes and min-
imize disabilities.

Therefore, we conducted an international, Internet-
based, 2-day point prevalence survey to investigate 
the implementation of the ABCDEF bundle and other 
supportive care provided to patients with COVID-19 

infection in ICUs, with consideration of the specific 
ICU structure, such as presence of protocols, ICU 
staffing, and multidisciplinary-rounds, which have 
been suggested as stimulants for ICU care in the liter-
ature (2, 6–8).

MATERIALS AND METHODS

Design and Setting

This worldwide 2-day point prevalence study of ev-
idence-based ICU care for critically ill patients with 
COVID-19 infection was approved by the ethics com-
mittee of the Saiseikai Utsunomiya Hospital (2020-07) 
as the central institution, was registered in the regis-
tration system named University Medical Information 
Network (ID: 000046103), and followed the STROBE 
cross-sectional guidelines which is a statement to 
strengthen the reporting of observational, especially 
for cross-sectional, studies (Supplemental Table 1, 
http://links.lww.com/CCX/A515). Surveys were per-
formed on June 3, 2020, and July 1, 2020. This pro-
ject was led by the Japanese Society of Intensive Care 
Medicine (JSICM) in collaboration with the World 
Federation of Intensive and Critical Care (WFICC), 
European Society of Intensive Care Medicine 
(ESICM), Indian Society of Critical Care Medicine 
(ISCCM), and other networks (Appendix 1, http://
links.lww.com/CCX/A512).

Surveys were anonymous and the information col-
lected did not include specific data that could identify 
the facility or individual; therefore, ethical approval at 
each participating facility was omitted according to the 
Ethical Guidelines for Medical and Health Research 
Involving Human Subjects in Japan (25). This ethical 
policy was explained to all clinicians, and ICUs par-
ticipated only if they agreed after referring to the ethics 
policies in their regions and countries. If participation 
presented difficulty on the ethical policy, clinicians 
could decide to participate after obtaining ethical ap-
proval. Under this policy, registration for each partici-
pating site and survey completion were fully managed 
online with Google Forms (Google Inc.).

The Study Process

We recruited ICUs to participate by distributing in-
formation about the study and an invitation letter to 
members of JSICM, WFICC, ESICM, and ISCCM via 
their own networks between May 16, 2020, and July 1, 
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2020. Social networking services and a web-based ad-
vertisement were also used (Appendix 1, http://links.
lww.com/CCX/A512). All ICUs in the world were el-
igible, regardless of whether they had patients with 
COVID-19 infection at the time. There were no exclu-
sion criteria based on the structure of the facility or 
ICU.

After registration of the name of the country, hos-
pital, ICU, and representatives, all confirmed repre-
sentatives were requested to provide basic information 
about the hospital/ICU demographics and backgrounds  
(35 items, 5–10 min) via Google Form. Only those 
who provided the information were enrolled as partic-
ipating sites by issuing a facility registration number to 
each ICU. All ICUs on the first survey date were auto-
matically enrolled for the second survey and requested 
to complete the survey with the same facility registra-
tion number. One day before each of the survey dates, 
participating representatives received the URL for the 
ICU care survey (39 items, 5–10 min), which asked 
for baseline characteristics of patients and daily ICU 
care provided to patients with COVID-19 infection for 
each patient in the participating ICUs on the survey 
date. Patients receiving end-of-life care or receiving 
palliative care were excluded.

Data Collection

The data collected for the hospital/ICU demographics 
are shown in Appendix 2 (http://links.lww.com/CCX/
A513). The questionnaires and response sheets for the 
ICU care survey are shown in Appendix 3 (http://
links.lww.com/CCX/A514). These questionnaires and 
response sheets had been pilot-tested and checked 
by five of the coauthors (K.N., H.K., P.N., E.W.E., 
and S.K.) before the survey. The facility registration 
number was used to link the basic information of the 
participating hospital/ICU with the data for base-
line characteristics of the patients and daily ICU care. 
The collected data were managed by the collaborators 
(Appendix 1, http://links.lww.com/CCX/A512). The 
operational definitions of the ABCDEF bundle, com-
posed of elements A, B, C, D, E, and F, were cited from 
a previous study (Supplemental Table 2, http://links.
lww.com/CCX/A515) (5). Other ICU cares, such as 
nutrition, an ICU diary, and physical restraints, are de-
fined in Supplemental Table 2 (http://links.lww.com/
CCX/A515).

Study Outcomes

The primary outcome was the implementation of each 
element of the ABCDEF bundle. The following ele-
ments associated with the bundle were examined: the 
presence of a target goal for pain and sedation manage-
ment; the prevalence of delirium; the highest mobility 
level according to the ICU Mobility Scale (26); assess-
ment tools and agents used for pain, sedation, and de-
lirium; the reason why element B was not implemented; 
nonpharmacologic interventions to control delirium; 
classifications of professionals delivering mobilization/
rehabilitation; devices used during rehabilitation; bar-
riers that prevented sitting on the edge of the bed or 
more; and the visiting habits for family members. The 
implementation of nutrition therapy, sleep assessment, 
an ICU diary, the use of physical restraints, and the 
route and amount of energy and protein in nutrition 
were also investigated.

The association between implementation of ICU 
care and ICU structure, including the presence of spe-
cific protocols, the frequency of multidisciplinary and/
or multiprofessional rounds, the nurse-to-patient ratio, 
the number of ICU beds exclusively for patients with 
COVID-19 infections, the presence of dedicated phys-
iotherapists, the ability of physiotherapists to enter the 
room of patients with COVID-19 infections, and vis-
iting hours were also evaluated.

Data Analysis

Nonnormally distributed continuous data are pre-
sented as medians with interquartile range, and cat-
egorical data, without missing data, are presented 
as numbers or percentages. The chi-square test and 
Fisher exact test were used for categorical data ap-
propriately. For analysis of ICU care implementation, 
patients were classified into three groups: no mechan-
ical ventilation (MV) or extracorporeal membrane ox-
ygenation (ECMO), undergoing MV, and undergoing 
ECMO. The highest mobility level and the energy and 
protein provided per day were evaluated according 
to three phases of critical illness: the early period in 
the acute phase (ICU days 1–3), the late period in the 
acute phase (ICU days 4–7), and after the acute phase 
(ICU days 8–14 and from 15) (3, 4).

All statistical analyses were carried out with EZR 
(Saitama Medical Center, Jichi Medical University, 
Saitama, Japan) (27), which is a graphical user interface 
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for R (Vienna, Austria). Statistical tests were two-sided, 
and statistical significance was set at p < 0.05.

RESULTS

Characteristics of Participating Hospitals and 
ICUs

For the first survey date, 166 ICUs were enrolled, and 
for the second survey date, 212 were enrolled (Fig. 1;  
and Supplemental Table 3, http://links.lww.com/CCX/
A515). The respondents were intensivists (76%), fol-
lowed by other physicians (12%), physiotherapists (6%), 

and nurses (5%). The basic structure of the hospitals/
ICUs at each site did not differ between the two dates 
(Table 1; and Supplemental Table 4, http://links.lww.
com/CCX/A515). Most ICUs were medical-surgical 
mixed ICUs with a 1:2 nurse-to-patient ratio and had 
fewer than five beds assigned for patients with COVID-
19 infection. Intensivists, physicians, and nurses were 
generally allowed to enter the rooms of patients with 
COVID-19 infection. Approximately 40% of ICUs used 
written protocols for ICU care and 60% performed 
multidisciplinary/professional rounds daily. Visiting 
hours were reduced or banned during the COVID-19 

245 ICUs registered

Total of 166 ICUs completed 
the basic information of hospital/ICU

(Response rate: 68%)

Data for 135 patients collectedb

Until the second survey date, an  
additional 14 ICUs registered

(total number of ICUs registered 259)

Total of 212 ICUs completed 
the basic information of hospital/ICUa

(Response rate: 82%)

Data for 127 patients collectedb

Total of 262 patients included in analysis

109 ICUs had no 
patients with COVID-19 

on the survey date

57 ICUs had patients 
with COVID-19 

on the survey date

139 ICUs had no 
patients with COVID-19 

on the survey date

73 ICUs had patients 
with COVID-19 

on the survey date

First survey on 3rd June 2020 Second survey on 1st July 2020

Figure 1. Study flowchart. aOf 212 ICUs, 166 ICUs had completed the basic information for the hospital on the first survey date and did not 
need to complete the basic information on the second survey. These 166 hospitals were requested to complete the survey of daily ICU care 
on the second survey date by using the facility registration number issued during the first survey. bThe  median number of patients (interquartile 
range, 1–3) was registered from each participating hospital on the first and second dates. COVID-19 = coronavirus disease 2019.
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TABLE 1. 
Comparison of Basic Information and ICU Structure Between ICUs That Participated in the 
First Survey Day and Those That Participated in the Second Survey Day

Parameter
First Survey  

(n = 166)
Second Survey  

(n = 212)

Basic information for participating ICUs

  Type of ICU, n (%)a

    Medical-surgical mixed ICU 140 (84) 169 (80)

    Medical ICU 11 (7) 26 (12)

    Surgical ICU including cardiac surgery 7 (4) 9 (4)

    Other types of ICUb 8 (5) 8 (4)

  Nurse-to-patient ratio, n (%)

    1:1 22 (13) 35 (17)

    1:2 133 (80) 151 (71)

    1:3 or higher 11 (7) 26 (12)

  Number of ICU beds, n (%)

    < 10 43 (26) 59 (28)

    10–19 75 (45) 90 (42)

    ≥ 20 48 (29) 63 (30)

  ICU beds exclusively for patients with COVID-19, n (%)

    < 5 101 (61) 113 (53)

    5–19 43 (26) 66 (31)

    ≥ 20 22 (13) 33 (16)

  Professionals who may enter rooms of patients with COVID-19 under regional  
infection control regulations of the participating hospital, n (%)

    Intensivists 157 (95) 202 (95)

    Physicians other than intensivists 134 (81) 169 (80)

    Nurses 166 (100) 212 (100)

    Physiotherapists 93 (56) 122 (58)

    Respiratory therapists 48 (29) 68 (32)

  ICUs with dedicated intensivists, n (%) 159 (96) 205 (97)

  ICUs with dedicated physiotherapists, n (%) 78 (47) 108 (51)

  ICUs with dedicated respiratory therapists, n (%) 44 (27) 65 (31)

(Continued )



Liu et al

6          www.ccejournal.org	 March 2021 • Volume 3 • Number 3

pandemic (Supplemental Table 5, http://links.lww.
com/CCX/A515).

Baseline Patient Characteristics

The number of ICU patients was 135 on the first survey 
date and 127 on the second survey date (Table  2), 
with equal distributions of age groups. Most patients 
were male (68%). The median ICU length of stay was 
9 days (5–35 d). Of the 262 patients, 124 (47.3%) un-
derwent MV and 12 (4.6%) were treated with ECMO. 
There was no statistically significant difference be-
tween the first and second survey days for these char-
acteristics, except for the use of MV (p < 0.001), the 
number of patients who underwent prone positioning 

(p = 0.002), and duration of prone positioning (p < 
0.05) (Table 2).

Implementation of the ABCDEF Bundle

Among the different patient groups, significant differ-
ences were present in implementation of elements A, C, 
D, and E (Fig. 2). The implementation rates included: 
element A, “regular pain assessment,” (45%); element 
B, “both spontaneous awakening and breathing trials,” 
(28%); element C, “regular sedation assessment,” (52%); 
element D, “regular delirium assessment,” (38%); element 
E, “early mobility and exercise,” (35%); and element F, 
“family engagement and empowerment,” (16%) (Table 3). 
The details associated with implementation of each 

  ICU structure associated with evidence-based and supportive ICU care, n (%)

    ICUs with a written pain management protocol 73 (44) 98 (46)

    ICUs with a written spontaneous awakening trials management protocol 60 (36) 83 (39)

    ICUs with a written spontaneous breathing trials management protocol 70 (42) 91 (43)

    ICUs with a written sedation management protocol 88 (53) 115 (54)

    ICUs with a written delirium management protocol 66 (40) 82 (39)

    ICUs with a written mobilization/rehabilitation management protocol 73 (44) 93 (44)

    ICUs with a written sleep management protocol 21 (13) 30 (14)

  Frequency of multidisciplinary rounds for patients with COVID-19 in the ICU, n (%)

    Daily 100 (60) 135 (64)

  At least once a week 9 (5) 10 (5)

  Not applicable 57 (34) 67 (32)

Visiting hr/d for patients with COVID-19 in the ICU (hr), n (%)

  No visiting hours 142 (86) 182 (86)

  0–5 21 (13) 26 (12)

  6–23 1 (1) 2 (1)

  No limitation on visiting hours 2 (1) 2 (1)

COVID-19 = coronavirus disease 2019.
aOne ICU was managed as a tele-ICU by another hospital or ICU.
bAmong the other types of ICUs on both days, five were PICUs.

TABLE 1. (Continued). 
Comparison of Basic Information and ICU Structure Between ICUs That Participated in the 
First Survey Day and Those That Participated in the Second Survey Day

Parameter
First Survey  

(n = 166)
Second Survey  

(n = 212)

http://links.lww.com/CCX/A515
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TABLE 2. 
Baseline Patient Characteristics

Characteristics

Total 
Patients  
(n = 262)

Patients in the  
First Survey  

(n = 135)

Patients in the  
Second Survey  

(n = 127)

Demographics

  Age, yr, n (%)

    < 50a 69 (26) 27 (20) 42 (33)

    50–59 69 (26) 24 (18) 45 (35)

    60–69 62 (24) 37 (27) 25 (20)

    70–79 46 (18) 35 (26) 11 (9)

    ≥ 80 16 (6) 12 (9) 4 (3)

  Male gender, n (%) 177 (68) 96 (71) 81 (64)

  Race, n (%)

    Asian 118 (45) 63 (47) 55 (43)

    White 103 (39) 54 (40) 49 (39)

    Hispanic 10 (4) 4 (3) 6 (5)

    Black 7 (3) 5 (4) 2 (2)

    Other 24 (9) 9 (7) 15 (12)

  Body mass index, kg/m2, n (%)

    < 18.5 19 (7) 8 (6) 11 (9)

    18.5–24.9 118 (45) 58 (43) 60 (47)

    25.0–29.9 79 (30) 41 (30) 38 (30)

    30.0–34.9 27 (10) 14 (10) 14 (11)

    ≥ 35.0 19 (7) 14 (10) 4 (3)

  ICU length of stay, d, median (interquartile range) 9 (5–35) 24 (7–50) 6 (4–10)

  Ambulatory independence prior to ICU admission, n (%) 222 (85) 118 (87) 104 (82)

ICU treatment provided on the survey date

  Respiratory assistance, n (%)

    No respiratory device 20 (8) 12 (9) 8 (6)

    Oxygen, such as nasal cannula, face mask,  
reserved face mask, and others

89 (34) 37 (27) 52 (41)

    Nasal high-flow cannula 22 (8) 10 (7) 12 (9)

    Noninvasive ventilation 33 (13) 9 (7) 24 (19)

    Mechanical ventilation 124 (47) 86 (64) 38 (30)

    ECMO 12 (5) 11 (8) 1 (1)

(Continued )
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element are shown in Supplemental Table 6 (http://links.
lww.com/CCX/A515). Most patients undergoing MV or 
ECMO were treated with fentanyl and benzodiazepines 
for pain control and sedation. The Numerical Rating Scale, 
Critical-care Pain Observation Tool, and Behavioral Pain 
Scale were used as pain-assessment tools, the Richmond 
Agitation-Sedation Scale was used for sedation assess-
ment, and the Confusion Assessment Method for the 

ICU was used to monitor delirium. The most common 
reason for spontaneous awakening trials (element B) not 
being performed was respiratory instability, followed by 
the absence of a protocol. Overall, 11% of patients were 
diagnosed with delirium. Nonpharmacologic interven-
tions, such as orientation, optimizing sleep conditions, 
and mobilization, were used more frequently than phar-
macologic interventions to control delirium. Although 

  Patients receiving continuous/intermittent renal  
replacement therapy, n (%)

38 (15) 22 (16) 16 (13)

  Patients receiving continuous neuromuscular blocking  
agents, n (%)

38 (15) 25 (19) 13 (10)

  Patients receiving continuous vasoactive drugs, n (%) 65 (25) 42 (31) 23 (18)

  Patients receiving continuous analgesics, n (%)b 118 (45) 45 (33) 73 (57)

  Patients receiving continuous use of sedatives, n (%)c 102 (39) 59 (44) 43 (34)

  Patients receiving prone positioning, n (%) 57 (22) 19 (14) 38 (30)

    Prone positioning without mechanical ventilation or ECMOd 35 (26) 6 (13) 29(33)

    Prone positioning with mechanical ventilatione 22 (18) 13 (15) 9 (24)

    Prone positioning with ECMOd 2 (17) 2(18) 0 (0)

Scheduled total hours of prone positioning, hr, n (%) (n = 57) (n = 19) (n = 38)

  0–5 26 (46) 5 (26) 21 (55)

  6–11 9 (16) 4 (21) 5 (13)

  12–17 17 (30) 8 (42) 9 (24)

  18–23 3 (5) 1 (5) 2 (5)

  24 (all day) 2 (4) 1 (5) 1 (3)

ECMO = extracorporeal membrane oxygenation.
aOf 69 patients, two were under 20 yr old.
b�Of 118 patients, 85 patients (70%) were on mechanical ventilation. Among 33 patients without mechanical ventilations, 12 patients 
received prone positioning.

c�Of 102 patents, 82 patients (80%) were on mechanical ventilation. Among 20 patients without mechanical ventilations, 10 patients re-
ceived prone positioning.

d�Percentages were calculated by dividing by the number of patients without mechanical ventilation or ECMO. The number of patients 
without mechanical ventilation or ECMO was 48 on the first survey, 89 on the second survey, and 137 in total.

e�Percentages were calculated by dividing by the number of patients on mechanical ventilation. The number of patients on mechanical 
was 86 on the first survey, 38 on the second survey, and 124 in total.

d�Percentages were calculated by dividing by the number of patients on ECMO. The number of patients on ECMO was 11 on the first 
survey, 1 on the second survey, and 12 in total.

TABLE 2. (Continued). 
Baseline Patient Characteristics

Characteristics

Total 
Patients  
(n = 262)

Patients in the  
First Survey  

(n = 135)

Patients in the  
Second Survey  

(n = 127)
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64% of patients without MV or ECMO could mobilize to 
the level of standing, the implementation of element E for 
the patients on MV or ECMO was less than 10%. The mo-
bility level increased gradually during the ICU stay, but 
the median level in patients undergoing MV remained at 
an ICU Mobility Scale score of 0, the level of passive ex-
ercise in bed (Fig. 3). The barriers preventing increased 
mobility to sitting at the edge of the bed or higher were 
primarily respiratory factors, such as desaturation or an 
excessive respiratory rate, followed by consciousness fac-
tors. Intensivists were less involved in mobilization (20%) 
compared with nurses (60%) or physiotherapists (56%). 
The cycle-ergometer and electrical neuromuscular stimu-
lation were rarely used. Electronic devices with a monitor 
were used to facilitate meetings with 40% of the patients. 
All elements of the ABCDEF bundle, even if element F 
is excluded, were fully implemented for only 1% of the 
patients.

Implementation of Other Supportive ICU Care

Most patients received nutrition therapy with 1,000–
2,000 kcal/d as their total energy intake via feeding 

tube or oral intake (Table 3). Protein greater than 1.2 g/
kg/d was supplied to fewer than 50% of patients at any 
time during the ICU stay (Fig.  3). Similar trends for 
energy and protein provision were seen for patients 
undergoing MV or ECMO. Sleep was assessed in 33% 
of patients, ICU diaries were used for 25% of patients, 
and physical restraints were used in 20% of patients. 
Approximately half of the patients received either non-
pharmacologic (47%: arrange monitor lighting, and 
47%: sound limitation) or pharmacologic interven-
tions to promote sleep (20%: benzodiazepines, 24%: 
nonbenzodiazepines).

Association Between ICU Structure and 
Implementation of the ABCDEF Bundle and 
Nutrition Support

In ICUs with protocols for pain and sedation manage-
ment, more patients received elements A and C, whereas 
fewer patients received element E in ICUs with the pro-
tocols for mobilization/rehabilitation (Supplemental 
Table 7, http://links.lww.com/CCX/A515). Daily mul-
tidisciplinary rounds (Supplemental Table 8, http://

0

10

20

30

40

50

60

70

80

Element A Element B (SAT) Element C Element D Element E Element F

Patients without mechanical ventilation or ECMO (n=137) Patients on mechanical ventilation (n=124)
Patients on ECMO (n=12)

%

P<0.001
P<0.001

P<0.001

P=0.32

P<0.001

P=0.73

Patients without mechanical ventilation or ECMO (n=137) Patients on mechanical ventilation (n=124)

Patients on ECMO (n=12)

Figure 2. Implementation of each element of the ABCDEF bundle. Statistical comparisons were made between two groups in elements 
A, B, and C, and between three groups in elements D, E, and F. aOf 12 patients supported with extracorporeal membrane oxygenation 
(ECMO), 11 received mechanical ventilation at the same time and one did not. bThe group for element B (spontaneous breathing trial) 
was excluded from this figure, because spontaneous breathing trials were conducted only for patients undergoing mechanical ventilation. 
SAT = spontaneous awakening trials.
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TABLE 3. 
Implementation of the ABCDEF Bundle and Other Supportive Measures for Patients With 
Coronavirus Disease 2019 Infection

Variables

Total  
Patients  
(n = 262)

Patients  
Without  

Mechanical  
Ventilation  
and ECMO  
(n = 137)

Patients on  
Mechanical  
Ventilation  
(n = 124)

Patients  
on ECMO  
(n = 12)

Implementation of each element of the ABCDEF bundle

  Patients receiving element A, n (%)a 118 (45) 42 (31) 75 (60) 12 (100)

    The presence of a target goal to control  
patient’s pain, n (%)

136 (52) 49 (36) 86 (69) 10 (83)

  Patients receiving element Ba

    Spontaneous awakening trial during  
continuous sedation, n (%)a,b

29 (28) 4 (19) 25 (32)  

    Spontaneous breathing trial on mechanical  
ventilation, n (%)a,c

35 (28)  35 (28)  

  Patients receiving element C, n (%)a 136 (52) 45 (33) 90 (73) 12 (100)

    The presence of a target goal to control patient’s  
sedation, n (%)

157 (60) 49 (36) 107 (86) 12 (100)

  Patients receiving element D, n (%)a 100 (38) 37 (27) 62 (50) 7 (58)

    Patients diagnosed with delirium, n (%) 30 (11) 9 (7) 21 (17) 2 (17)

  Patients receiving element E, n (%)a 93 (35) 88 (64) 5 (4) 1 (8)

    The highest mobility level according to the ICU 
Scale, median (interquartile range)d

2 (0–6) 5 (3–8) 0 (0–1) 0 [0-2]

  Patients receiving element F, n (%)a 42 (16) 23 (17) 19 (15) 1 (8)

The implementation of other essential ICU care

  Patients receiving standardized nutrition support, n (%)e 259 (99) 136 (99) 122 (98) 12 (100)

    Feeding tube, n (%) 149 (57) 39 (28) 110 (89) 10 (83)

    Oral, n (%) 113 (43) 105 (77) 0 (0) 1 (8)

    Total parenteral nutrition, n (%) 16 (6) 5 (4) 12 (10) 2 (17)

  Estimated energy in nutrition provided within last 24 hr (kcal/d), n (%)

    < 1,000 24 (9) 12 (9) 12 (10) 2 (17)

    1,000 to < 1,500 118 (45) 76 (55) 42 (34) 3 (25)

    1,500 to < 2,000 105 (40) 45 (33) 60 (48) 6 (50)

    ≥ 2,000 15 (6) 4 (3) 10 (8) 1 (8)

(Continued )
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links.lww.com/CCX/A515) and a 1:1 nurse-to-patient 
ratio (Supplemental Table 9, http://links.lww.com/
CCX/A515) did not improve the rate of bundle imple-
mentation or nutrition therapy. Elements D and E and 
nutrition therapy were more frequently implemented 
in an ICU with a 1:2 nurse-to-patient ratio.

In ICUs with more ICU beds assigned exclusively 
to patients with COVID-19 infections, elements A and 
D were less frequently implemented, whereas element 
E and nutrition therapy were more frequently imple-
mented (Supplemental Table 10, http://links.lww.com/
CCX/A515). No ICU structure led to the implemen-
tation of elements B and F. The presence of dedicated 
physiotherapists and the ability of physiotherapists to 
enter the rooms of patients with COVID-19 infections 

did not improve the implementation of element E. 
Visiting hours were limited for both patients who re-
ceived element F and those who did not (Supplemental 
Table 11, http://links.lww.com/CCX/A515).

DISCUSSION

This worldwide 2-day point prevalence study dem-
onstrated an overall low rate of ABCDEF bundle im-
plementation, inadequate protein intake, and rare use 
of ICU diaries for patients with COVID-19 infection. 
However, implementation of evidence-based and sup-
portive ICU care was associated with ICUs that used 
specific protocols and had a defined number of ICU 
beds exclusively assigned to patients with COVID-19 

  Estimated protein in nutrition provided within last 24 hr (g/kg/d), n (%)

    < 1.2 g/kg/d 157 (60) 82 (60) 75 (60) 7 (58)

    ≥ 1.2 g/kg/d 105 (40) 55 (40) 49 (40) 5 (42)

  Patients receiving a regular standardized sleep  
assessment, n (%)

86 (33) 34 (25) 51 (41) 6 (50)

  Patients receiving ICU diary, n (%) 65 (25) 50 (36) 15 (12) 1 (8)

  Patients placed in physical restraints at any time on the 
survey date, n (%)

58 (22) 23 (17) 35 (28) 5 (42)

ECMO = extracorporeal membrane oxygenation.
aOperational definitions of each element of the ABCDEF bundle are shown in Supplemental Table 3 (http://links.lww.com/CCX/A515).
b�Percentages were calculated by dividing by the numbers of sedated patients. The total number of sedated patients was 102. Twen-
ty-one patients who were sedated were not receiving mechanical ventilation or extracorporeal membrane oxygenation. Seventy-nine 
sedated patients were receiving mechanical ventilation and 10 were receiving extracorporeal membrane oxygenation.

c�Percentage was calculated by dividing by the number of the patients on mechanical ventilation or 124.
d�The highest exercise/rehabilitation level performed at the survey date was assessed based on the ICU Mobility Scale (26). IMS 0: 
nothing (lying in bed, passive exercise); 1: sitting in bed, exercises in bed; 2: passively moved to chair (no standing); 3: sitting over edge 
of bed; 4: standing; 5: transferring bed to chair; 6: marching in place (at bedside); 7: walking with assistance of two or more people; 8: 
walking with assistance of one person; 9: walking independently with a gait aid; 10: walking independently without a gait aid.

e�Nineteen patients received nutrition via multiple routes. Of those, 15 received enteral and oral nutrition, two received enteral and total 
parenteral nutrition, and two received oral and parenteral nutrition.

The ABCDEF bundle is a collection of six elements (A, B, C, D, E, and F) which represents an evidence-based approach for clinicians to 
optimize patients recovery and outcomes in ICU.

TABLE 3. (Continued). 
Implementation of the ABCDEF Bundle and Other Supportive Measures for Patients With 
Coronavirus Disease 2019 Infection

Variables

Total  
Patients  
(n = 262)

Patients  
Without  

Mechanical  
Ventilation  
and ECMO  
(n = 137)

Patients on  
Mechanical  
Ventilation  
(n = 124)

Patients  
on ECMO  
(n = 12)

http://links.lww.com/CCX/A515
http://links.lww.com/CCX/A515
http://links.lww.com/CCX/A515
http://links.lww.com/CCX/A515
http://links.lww.com/CCX/A515
http://links.lww.com/CCX/A515
http://links.lww.com/CCX/A515
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infection. Structural elements, such as daily multidis-
ciplinary/multiprofessional rounds and a 1:1 nurse-to-
patient ratio, were not associated with implementation.

The delivery of ABCDEF bundle to patients with 
COVID-19 infection was lower than that shown in 
nationwide and international prevalence surveys con-
ducted before the pandemic (Supplemental Table 
12, http://links.lww.com/CCX/A515) (5, 28). The 
ABCDEF bundle is a strong evidence-based approach 
that prevents ICU patients from developing the phys-
ical, cognitive, and mental disabilities of postintensive 
care syndrome (PICS) (29), which has long-lasting 
effects even after intensive care and hospital discharge. 
Many studies have demonstrated benefits of single ele-
ments of the bundle (1, 5, 6, 8), benefits of synchro-
nistic bundle implementation (30), and the positive 
effects of complete bundle compliance (100% of ele-
ments) (31). Despite ongoing research about the spe-
cific outcomes of patients who survive COVID-19 
infection (NCT04360538, NCT04508712), it is likely 
that these patients have problems similar to survivors 
of other critical illnesses. The findings of this study call 

for urgent efforts to incorporate the ABCDEF bundle 
into routine clinical practice, especially as many coun-
tries are dealing with a second wave of COVID-19 
infections. The serious disabilities and symptoms that 
persist after COVID-19 infection (13–16) raise con-
cerns about the long-term outcomes associated with 
PICS induced by COVID-19 infection (17, 18).

Relatively high rates of implementation for elements 
A, C, and D for patients undergoing MV might reflect 
the need for intense management of pain, sedation, agi-
tation, and delirium to stabilize symptoms, such as strong 
spontaneous breathing and coughing (32, 33), and to pre-
vent exacerbation of pulmonary injury by self-inflicted 
lung injury (34–37). The relatively low prevalence of de-
lirium in this population could be secondary to missed 
delirium due to low implementation of element D and 
noneligibility for delirium assessment because of deep 
sedation with relative frequent use of benzodiazepines as 
a recent paper reported (38). Deep sedation could also 
affect the implementation and intensity of mobilization.

Compared with previous reports (39, 40), implementa-
tion of element E for patients with COVID-19 infections 

A B

C D

Figure 3. Highest mobility level and nutrition therapy provided according to the phase of critical illness. A, The highest mobility level 
of all patients. B, The highest mobility level of patients undergoing mechanical ventilation. C, The proportion of patients receiving the 
indicated total energy (kcal/d). D, The proportion of patients receiving the indicated protein (g/kg).

http://links.lww.com/CCX/A515
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undergoing MV was quite low. Given the detected barri-
ers to mobility, the complicated pathophysiology of this 
pulmonary illness with two different phases that require 
different ventilation strategies (34–37) and the variety 
of neurologic complications (41) could limit aggressive 
mobilization of patients. In addition, no increase in mo-
bility level during MV might indicate that strict infec-
tious regulations limited interprofessional involvement 
and/or led to inadequate supplies of personnel protective 
equipment or staff time constraints limiting provision of 
mobility. Additional research is needed to develop the 
most efficient approach to early rehabilitation of patients 
with COVID-19 infections.

We found that enteral nutrition was provided to most 
patients, possibly owing to recent evidence (3, 4, 23, 24), 
but that protein intake did not reach the target level at any 
time during the ICU stay. Although a nutrition strategy 
with adequate energy and protein is recommended to 
preserve skeletal muscle and function (3, 4) and enhance 
the benefits of mobility/rehabilitation, protein intake did 
not often reach the target of 1.2 g/kg/d. The absence of 
nutritionists under strict infection regulations might 
hinder provision of adequate protein. Protocol-driven 
nutrition strategies that focus on providing enriched 
protein, high-protein enteral formulas (> 20%) (42) and 
sometimes amino-acid parenteral nutrients if there are 
concerns on digestive functions associated with COVID-
19 (43) must be considered.

The ICU diary is used to supplement the patient’s 
memory in the ICU and helps mitigate anxiety, de-
pression, and posttraumatic stress disorder (44). Just 
20% of ICUs provided diaries, a low rate compared 
with ICUs in Scandinavia (45). To introduce ICU dia-
ries while considering limitations imposed by serious 
infections, clinicians might consider a novel strategy, 
such as electronic ICU diaries shared online or video-
based ICU diaries (46).

The introduction of protocols, especially for pain 
and sedation management, could provide an ICU with 
a systematic and resource-conserving approach that 
would facilitate delivery of evidence-based ICU care 
(5, 8, 11). However, our results showed that presence 
of a protocol for mobilization did not facilitate imple-
mentation of element E, possibly because COVID-19 
infection has several complicated mechanisms of lung 
injury and requires different ventilation strategies in 
various phases of the illness (34–37). A mobilization 
protocol for other patient populations might not apply 

to patients with COVID-19 infection. In this setting, 
the aggressive involvement of intensivists, which was 
low in this study, and a specialized mobilization pro-
gram for patients with COVID-19 infection might fa-
cilitate the delivery of safe and efficient rehabilitation 
with appropriate considerations of risk (47).

Controlling the number of ICU beds might allow 
staff workload to be adjusted appropriately (48, 49). 
Having more ICU beds for patients with COVID-19 
infection may increase the burden and responsibility 
of medical staff, making it difficult to implement ev-
idence-based and supportive ICU care, as seen with 
the poor implementation levels of elements A and D. 
However, it could also lead to greater implementa-
tion of element E and nutrition. Patients might benefit 
from admission to ICUs with higher capacity by gain-
ing greater access to interprofessional and structured 
interventions from ICU staff who have more experi-
ence treating patients with COVID-19 than those who 
have treated few patients with COVID-19 (50, 51). The 
effectiveness of centralization according to the local re-
sources and staffing capacity under a standardized or 
specialized protocol should be investigated.

Daily multidisciplinary/multiprofessional rounds 
and a 1:1 nurse-to-patient ratio, which were regarded 
as important aspects of care (19), might consume ex-
cessive time and resources in an ICU. Optimizing 
distribution of resources according to the clinical 
needs might be critical to the implementation of evi-
dence-based and supportive ICU care.

This study has several strengths and limitations. 
Although data were collected from many countries 
around the world, including locations considered to 
be COVID-19 infection “hotspots,” the relatively high 
proportion of data from Japan could introduce a po-
tentially large bias and limit the generalizability of the 
results to ICUs in other countries. The limited number 
of patients without a comparison group also hampers 
application of the results to other ICUs. Instead, this 
survey used previously defined operational definitions, 
which could strengthen comparability with prior stud-
ies. Second, surveys were conducted at two time points, 
1 month apart, to include more data. However, as ev-
idence and recommendations for the care of patients 
with COVID-19 infection changed rapidly during that 
time, the policies for ICU care might have changed. For 
example, an increase in the number of patients who re-
ceived prone positioning on the second survey and a 
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decrease in its duration may be due in part to a study 
that showed the positive effect of short-term prone 
positioning on patients without MV (52). Third, the na-
ture of a point prevalence study prevents us from defin-
itively establishing a causal relationship for factors that 
facilitate or limit ICU care. Fourth, some of our data 
were collected based on estimations or recollections by 
ICU clinicians. Fifth, no clear definition of COVID-19 
could potentially include data from suspected patients. 
Finally, we did not investigate potentially confounding 
factors that might affect the implementation of evi-
dence-based ICU care, such as extubation rate related 
to spontaneous breathing trials, consciousness level of 
patients, frailty, and complications related to COVID-
19. The actual extent of overwhelming against hospital 
capacity was not also investigated. Additional investi-
gation, which includes both patients with and without 
COVID-19, will be needed to validate these results and 
determine the influence of the COVID-19 pandemic 
on the implementation of evidence-based ICU care.

CONCLUSIONS

This worldwide, 2-day point prevalence study revealed 
a low rate of ABCDEF bundle element implementation, 
inadequate protein supply, and infrequent use of ICU dia-
ries in patients with COVID-19 infection. Introducing 
specific protocols and controlling the number of beds 
exclusively for patients with COVID-19 infection in an 
ICU may facilitate the delivery of evidence-based and 
supportive ICU care during the pandemic.
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