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REVIEW ARTICLE

Comparator Groups in ICU-Based Studies of 
Physical Rehabilitation: A Scoping Review of 
125 Studies
OBJECTIVES: To characterize comparator groups (CGs) in ICU-based studies 
of physical rehabilitation (PR), including the type, content, and reporting.

DATA SOURCES: We followed a five-stage scoping review methodology, 
searching five databases from inception to June 30, 2022. Study selection and 
data extraction were completed independently, in duplicate.

STUDY SELECTION: We screened studies by title and abstract, then full-text. 
We included prospective studies with greater than or equal to two arms enrolling 
mechanically ventilated adults (≥ 18 yr), with any planned PR intervention initiated 
in the ICU.

DATA EXTRACTION: We conducted a quantitative content analysis of authors’ 
description of CG type and content. We categorized similar CG types (e.g., usual 
care), classified content into unique activities (e.g., positioning), and summarized 
these data using counts (proportions). We assessed reporting using Consensus 
on Exercise Reporting Template (CERT; proportion of reported items/total 
applicable).

DATA SYNTHESIS: One hundred twenty-five studies were included, represent-
ing 127 CGs. PR was planned in 112 CGs (88.2%; 110 studies), represent-
ing four types: usual care (n = 81, 63.8%), alternative treatment than usual care 
(e.g., different from intervention; n = 18, 14.2%), alternative treatment plus usual 
care (n = 7, 5.5%), and sham (n = 6, 4.7%). Of 112 CGs with planned PR, 90 
CGs (88 studies) reported 60 unique activities, most commonly passive range 
of motion (n = 47, 52.2%). The remaining 22 CGs (19.6%; 22 studies) reported 
vague descriptions. PR was not planned in 12 CGs (9.5%; 12 studies), and three 
CGs (2.4%; three studies) reported no details. Studies reported a median (Q1–
Q3) of 46.6% (25.0–73.3%) CERT items. Overall, 20.0% of studies reported no 
detail to understand planned CG activities.

CONCLUSIONS: The most common type of CG was usual care. We identified 
heterogeneity in planned activities and CERT reporting deficiencies. Our results 
could help guide the selection, design, and reporting of CGs in future ICU-based 
PR studies.

KEY WORDS: critical care; critical illness; early ambulation; rehabilitation; review

With improved adult ICU mortality, an increasing number of survivors 
may experience important functional morbidities (1). ICU survivors 
are at risk of impaired physical function, lasting up to 5 years post-crit-

ical illness; these impairments may contribute to decreased participation in daily 
activities and quality of life (2–6). As a result, it is increasingly important to iden-
tify effective treatments to reduce post-ICU morbidities and improve survivorship.

Landmark studies, published over a decade ago, found that physical reha-
bilitation (PR) delivered in the ICU could improve physical function in ICU 
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survivors at hospital discharge (7, 8). Although these 
initial trials demonstrated promising effects, results 
of recent randomized controlled trials (RCTs) have 
been discordant (9, 10). A meta-analysis of 14 RCTs 
found inconsistent results regarding the impact of PR 
interventions on physical function at ICU and hospital 
discharge (10). Interpreting results of these RCTs has 
been challenging due to the limited and heterogeneous 
description of planned therapy in comparator groups 
(CGs) (9, 10). A detailed description of CG PR is nec-
essary to determine separation between groups and 
contextualize study results. A scoping review of ICU-
based PR studies identified reporting gaps in charac-
teristics of intervention and CGs, however, focused 
on characterizing intervention groups (11). Therefore, 
we conducted a scoping review to characterize CGs in 
ICU-based PR studies, including the type, content, and 
completeness of reporting.

MATERIALS AND METHODS

We followed a five-stage scoping review method-
ology (12, 13), updating the search, and expanding 
data collection of a previous scoping review of ICU-
based PR interventions (11). We prospectively regis-
tered this review in Open Science Framework (https://
doi.org/10.17605/OSF.IO/BS342) (14) and followed 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses Extension for Scoping Reviews 

(checklist Supplementary Table S1, http://links.lww.
com/CCX/B193) (15).

Eligibility Criteria

We included: population—critically ill, mechanically 
ventilated adults greater than or equal to 18 years old; 
intervention—any planned PR intervention started 
in the ICU; comparator—any; outcomes—any; and 
study type—any prospective study with greater than 
or equal to two arms (i.e., RCTs, nonrandomized tri-
als). We defined CGs as any group of study partici-
pants whose outcomes were compared against those 
of the intervention group (16), including participants 
who served as their own comparator by receiving two 
unique treatments (e.g., one limb receiving neuromus-
cular electrical stimulation [NMES] and the other limb 
receiving sham). We excluded conference abstracts, 
studies of chest physiotherapy (airway clearance) only, 
gray literature, review articles, surveys of practice, 
studies validating outcome measures, and non-English 
studies.

Information Sources and Search

We searched five databases from inception to June 
30, 2022: Ovid Medline, CINAHL, Allied and 
Complementary Medicine Database, Embase data-
base, and the Physiotherapy Evidence Database. Our 
search strategy was developed in consultation with a 
health research librarian (Supplementary Table S2, 
http://links.lww.com/CCX/B193) (11, 17).

Screening and Data Charting

We imported citations into Covidence (2020, Veritas 
Health Innovation, Melbourne, VIC, Australia). Two 
reviewers screened citations independently and in 
duplicate, first by title and abstract, then full-text. 
We consulted a third reviewer for conflicts. We com-
pleted data charting independently, in duplicate, 
using a piloted form in Covidence (Supplementary 
Table S3, http://links.lww.com/CCX/B193). By 
study, we narratively summarized inclusion crite-
ria, admission diagnoses, intervention type, pri-
mary outcome, and authors’ description of CG. We 
reviewed each study’s methods and supplementary 
data files (if applicable) and documented authors’ 
description of planned content (i.e., activities) and 

 
KEY POINTS

Question: What are the characteristics of com-
parator groups (CGs) in ICU-based studies of 
physical rehabilitation (PR)?

Findings: 1) In this 125 study scoping review 
of ICU-based PR, two thirds of CGs were usual 
care; 2) One in five studies did not report detail 
to understand CG content; 3) CG content was 
heterogeneous, with 60 unique planned rehabili-
tation activities; passive range of motion was most 
common; and 4) Incomplete reporting and heter-
ogeneity limit understanding of CGs, hindering our 
ability to assess intervention efficacy and safety.

Meaning: This work could help guide selection, 
design and reporting of CGs in future ICU-based 
PR studies.
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characteristics (e.g., frequency, intensity, duration) 
of CG PR verbatim.

We assessed completeness of reporting using the 
Consensus on Exercise Reporting Template (CERT) 
(18). CERT is an extension of the Template for 
Intervention Description and Replication (TIDieR) 
and facilitates reporting of additional details neces-
sary for clinical replicability in a rehabilitation con-
text (e.g., dosage) (19–21). CERT items were assessed 
as “reported,” “not reported,” or “not applicable” for 
each CG. For CERT item 13 (dose), we assessed fre-
quency, intensity, timing and duration as discrete 
items (13A–D), for a total of 22 potentially appli-
cable items. Detailed CERT methods are described 
in Supplementary Table S4 (http://links.lww.com/
CCX/B193).

Determination of CG Type and Content

We conducted a quantitative content analysis (22) 
of the authors’ verbatim descriptions of CG type 
and content. To determine CG “type,” we reviewed 
authors’ description (e.g., usual care, progressive mo-
bility) and categorized similar types. We then iden-
tified the planned PR (i.e., what authors said they 
would do). We use the term “planned,” because we 
analyzed the reported CG PR methods, and not the 
results.

To determine CG “content,” we reviewed the planned 
CG PR. For CGs with reported content, we reviewed 
the authors’ description to identify individual PR ac-
tivities (e.g., passive range of motion, sitting over the 
edge of the bed). We then grouped similar individual 
PR activities into unique activities (i.e., synonymous 
terms; e.g., “passive range of motion” included passive 
motion, passive joint mobility, etc.) Last, we compared 
unique PR activities across CGs to identify any com-
mon PR programs (i.e., same activity/combination of 
activities) Supplementary Table S8 (http://links.lww.
com/CCX/B193) summarizes individual and unique 
activities.

Subgroup Analysis by Type

Previous reviews of PR in stroke rehabilitation and 
neurorehabilitation identified heterogeneity in “usual 
care” CGs (23, 24). We conducted a subgroup analysis 
to explore the content of “usual care,” restricting our 
analysis to usual care PR CGs.

Synthesis and Analysis

Data were analyzed using Stata (v. 15.0, StataCorp LP, 
College Station, TX). We used descriptive statistics, in-
cluding counts (percentages) for categorical data and 
mean (sd) for normal continuous data or median (first–
third quartiles) if data were skewed (Shapiro-Wilk test, 
alpha = 0.05). To quantify completeness of reporting, 
we calculated reporting scores for each study as a pro-
portion (number reported/total applicable CERT items) 
(11, 25). We summarized reporting scores by item and 
across studies, with scores classified as poor (≤ 50%), 
moderate (51–69%), or adequate (≥ 70%) (11, 26, 27).

Post hoc, we conducted an analysis to understand po-
tential changes in dose of PR over time. We analyzed the re-
ported frequency (CERT item number 13A) and duration 
(item number 13D) of PR, by CG. To understand changes 
in PR frequency over time, we grouped studies according 
to year of publication and compared between years using 
Pearson chi-square test (alpha = 0.05). To understand 
changes in duration, we conducted a simple linear regres-
sion (time [year of publication] vs duration [min] of PR).

RESULTS

Study Selection

We screened 84,273 unique titles and abstracts, 2,324 
full-text articles, and included 125 studies that enrolled 
11,894 patients (Supplementary Fig. S1, http://links.
lww.com/CCX/B193).

Characteristics of Included Studies

Study characteristics are summarized in Table 1 and 
detailed in Supplementary Table S5 (http://links.lww.
com/CCX/B193). Of the 125 included studies, 64% 
were parallel-group, two-arm RCTs (n = 80). Studies 
occurred in 43 countries, and 85.6% (n = 107) were 
single-center, conducted in mixed ICUs (n = 55, 
44.0%). The first study was published in 1987, while 
the majority (52.8%) were published between 2016 
and 2020 (n = 66). The median (Q1–Q3) number of 
patients enrolled per study was 60 (36–109).

Patient Characteristics

Patient characteristics are summarized in Table 2 and 
detailed in Supplementary Table S6 (http://links.lww.
com/CCX/B193). Of 120 studies (96.0%) that reported 
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sex, the median proportion of females enrolled per 
study was 39.3% (31.9–49.0%). Age was reported in 
121 studies (96.8%) with a median of 61.1 years (54.8–
65.5 yr). Duration of mechanical ventilation (MV) was 
reported in 63 studies (50.4%), with a median of 8.3 
days (5.3–11.3 d). ICU length of stay was reported in 
77 studies (61.6%), with a median of 12.8 days (7.5–
20.0 d).

Comparator Group Types

CGs are described in Supplementary Table S6 
(http://links.lww.com/CCX/B193). Across 125 

studies, there were 127 CGs (two studies each had 
two CGs) (Fig. 1). Three studies (2.4%) did not re-
port any CG details, preventing type classification 
(Figs. 1 and 2). Out of the 127 CGs, PR was planned 
in 112 (88.2%), representing four types: usual care 
(n = 81, 63.8%; 80 studies), alternative treatment 
than usual care (n = 18, 14.2%; 18 studies), alter-
native treatment plus usual care (n = 7, 5.5%; seven 
studies) and sham (n = 6, 4.7%; five studies) (Figs. 1 
and 2). PR was not planned (i.e., CG did not in-
clude any planned PR) in 12 CGs (9.5%; 12 studies) 
(Figs. 1 and 2).

Comparator Group Content

From the 112 CGs (110 studies) with planned PR, 
we identified instances where authors’ descrip-
tions precluded Content classification (e.g., “re-
habilitation,” “conventional treatment,” “physical 
therapy strategies”). We classified these instances 

Characteristics n = 125 Studies 

Number of centers per study  

  Median (first–third quartiles) 1 (1–1)

  Range (minimum–maximum) 1–7

Patients enrolled per study  

  Median (first–third quartiles) 60.0 (36.0–109.0)

  Range (minimum–maximum) 8–647

RCT = randomized controlled trial.
aOther study designs (n = 13): Within-patient RCT 5 (4.0), 
historical control trial 3 (2.4), cluster RCT 2 (1.6), randomized 
crossover RCT 2 (1.6), and cluster non-RCT 1 (0.8).
bOther ICUs (n = 14): Surgical 6 (4.8), respiratory 4 (3.2), cardiac 
2 (1.6), trauma 1 (0.8), and thoracic 1 (0.8).
This table summarizes characteristics of included studies. 
Countries of publication, by geographic region: Asia: China (n = 14),  
Japan (n = 6), Taiwan (n = 6), Iran (n = 4), India (n = 3), Turkey 
(n = 3), Israel (n = 2), Thailand (n = 2), Bangladesh (n = 1),  
ndonesia (n = 1), Korea (n = 1), and South Korea (n = 1). 
Europe and the United Kingdom: Belgium (n = 6), France (n = 4), 
Greece (n = 4), Italy (n = 4), Switzerland (n = 4), United Kingdom 
(n = 4), Germany (n = 3), Austria (n = 2), Denmark (n = 2), 
Czech Republic (n = 1), Iceland (n = 1), The Netherlands (n = 1), 
and Sweden (n = 1). South America: Brazil (n = 15), Argentina  
(n = 1), and Colombia (n = 1). North America: United States  
(n = 15) and Canada (n = 1). Oceana: Australia (n = 9). Africa: 
Egypt (n = 1) and South Africa (n = 1).

TABLE 1. (Continued)
Study Characteristics

TABLE 1.
Study Characteristics

Characteristics n = 125 Studies 

Geographic regions, n (%)  

  Asia 44 (35.2)

  Europe and the United Kingdom 37 (29.6)

  South America 17 (13.6)

  North America 16 (12.8)

  Oceana 9 (7.2)

  Africa 2 (1.6)

Year of publication, n (%)  

  < 2000 2 (1.6)

  2001–2005 2 (1.6)

  2006–2010 9 (7.2)

  2011–2015 26 (20.8)

  2016–2020 66 (52.8)

  2021 to July 2022 20 (16.0)

Study design  

  RCT 93 (74.4)

   Two-arm 80 (86.0)

   Three-arm 10 (10.8)

   Four-arm 3 (3.2)

  Non-RCT 19 (15.2)

  Othera 13 (10.4)

ICU type  

  Mixed 55 (44.0)

  General 15 (12.0)

  Medical 12 (9.6)

  Neurosurgery/neurotrauma 10 (8.0)

  Otherb 14 (11.2)

  Not specified 19 (15.2)

(Continued)
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as ambiguous terms. Twenty-two CGs (17.3%), 
representing 22 studies (17.6%), only reported 
ambiguous terms (Figs. 1 and 2). Of the remaining 
88 studies (90 CGs), 79 (63.2%) reported PR ac-
tivities only, and nine (8.0%) reported PR activ-
ities and ambiguous terms. Overall, 25 studies 
(20.0%) did not report any detail to understand 
planned content.

Out of the 90 CGs (88 studies) that reported PR ac-
tivities, we identified 100 activities, of which 60 were 
unique, with a median of 2 (1–5) unique activities per 
CG (Supplementary Tables S7 and S8, http://links.
lww.com/CCX/B193). The most common activities 
were passive range of motion (n = 47 CGs, 52.2%), 
positioning (n = 28 CGs, 31.1%), and walking (n = 28 
CGs, 31.1%). Thirty-one CGs reported 19 ambiguous 
terms, with 71.0% including terms synonymous with 
“usual care” (n = 22) (Supplementary Table S9, http://
links.lww.com/CCX/B193).

From 88 studies (90 CGs) that reported PR ac-
tivities, we identified seven common PR programs 
(i.e., activities or combination of activities) across 
26 (20.8%; 28 CGs). Programs were not repeated in 
62 studies (49.6%; 62 CGs) (Fig. 2 and Table 3). The 
most common programs were single activities such 
as passive range of motion (n = 8 CGs, 8.9% of all 
CGs), positioning (n = 6, 6.7%), and sham NMES  
(n = 5, 5.6%).

Subgroup Analysis of Usual Care

Out of 125 studies, 80 (64.0%) had a usual care CG (81 
CGs). Across 80 studies, we identified 21 terms, most 
commonly “usual care” (n = 20, 25.0%), “standard 
care” (n = 14, 17.5%), and “conventional therapy”  
(n = 10, 12.5%) (Supplementary Figs. S2 and S3, http://
links.lww.com/CCX/B193). Fifty-four usual care CGs 
(66.7%; 53 studies [66.3%]) reported PR activities only, 

TABLE 2.
Patient Characteristics

Characteristics Overall Intervention Control 

Patients enrolled 11,894 6,112a 5,476a

n (%) female 4,604 (39.5)b 2,058 (34.1)c 1,911 (35.3)c

% Female per study

  Median (first–third quartiles) 39.3 (31.9–49.0)b 38.0 (30.8–47.2)c 40.0 (31.3–50.0)c

  Range 0.0–74.7 0.9–85.7 6.7–87.0

Age

  Median (first–third quartiles) 61.1 (54.8–65.5)d 59.9 (54.2–65.0)e 60.4 (55.1–66.0)e

  Mean (sd) 59.3 (9.2)d 58.9 (9.2)e 59.2 (9.3)e

ICU length of stay (d)

  Median (first–third quartiles) 12.8 (7.5–20.0)f 12.0 (7.3–18.6)g 13.4 (7.9–19.3)g

  Range (minimum–maximum) 2.6–46.2f 2.6–38.8g 2.7–56.9g

Duration of mechanical ventilation (d)

  Median (first–third quartiles) 8.3 (5.3–11.3)h 7.0 (5.1–10.1)i 8.0 (5.9–12.7)i

  Range (minimum–maximum) 0.0–51.2h 0.0–32.7i 0.0–98i

This table summarizes patient characteristics of included studies.
an = 113 studies, 12 studies reported overall trial enrollment, not by group.
bn = 120 studies (11,672 patients), five studies did not report sex.
cn = 109 studies (intervention—6,029 patients, control n = 5,410), 11 studies reported overall sex, not by group.
dn = 121 studies, four studies did not report age.
en = 110 studies, 11 studies reported overall age, not by group.
fn = 77 studies, 48 studies did not report ICU length of stay (LOS).
gn = 74 studies, three reported overall LOS, not by group.
hn = 63 studies, 62 studies did not report duration of mechanical ventilation (MV).
in = 60 studies, three studies reported overall duration of MV, not by group.
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and five (6.2%; five studies [6.3%]) reported PR activ-
ities and ambiguous terms (Supplementary Fig. S3, 
http://links.lww.com/CCX/B193). Twenty-two stud-
ies with usual care CGs (17.6%; 22 CGs) only reported 
ambiguous terms (Supplementary Fig. S3, http://links.
lww.com/CCX/B193).

From the 59 CGs (58 studies) that reported PR 
activities, we documented 83 activities, of which 
55 were unique, with a median of 3 (2–5) per CG 
(Supplementary Tables S7 and S8, http://links.lww.
com/CCX/B193). The most common activities were 
passive range of motion (n = 32 CGs, 54.2%), posi-
tioning (n = 20, 33.9%), and walking (n = 19, 32.2%) 
(Supplementary Table S7, http://links.lww.com/CCX/
B193). Twenty-seven usual care CGs (33.3%) re-
ported 19 ambiguous terms, with the most common 
terms synonymous with “usual care” (n = 19, 70.4%) 
(Supplementary Table S9, http://links.lww.com/CCX/
B193).

We identified five common PR programs activities 
across 17 usual care CGs (21.0%; 16 studies [20.0%], 
while 42 [51.9%; 42 studies (52.5%)]) were not re-
peated in any other CG (Fig. 2 and Table 3). The most 
common programs were single activities including 
passive range of motion (n = 6, 10.2%) and positioning 
(n = 4, 6.8%).

CG CERT Reporting

The median reporting score was 46.6% (25.0–73.3%) 
(Fig. 3), with a minimum of 0% (n = 2, 1.6%) and 
maximum of 100% (n = 1, 0.8%) (Supplementary 
Table S10, http://links.lww.com/CCX/B193). The 
least reported item was “motivation” (CERT item 
number 6) (n = 8, 9.2%), while the most was “setting” 
(CERT item number 12) (n = 120, 96.0%) (Fig.  3). 
Seventy-seven CGs (62.1%) reported PR frequency 
(CERT item number 13A) which ranged from one 

Figure 1. Flowchart of content analysis of reported comparator group (CG) type and content. “Ambiguous terminology” represents 
terminology for which we could not determine which, if any, physical rehabilitation (PR) activities were planned (e.g., “usual care” with no 
additional explanation). “PR activities” represents terminology for which we could understand the PR activities that were planned (e.g., 
passive range of motion). Some studies reported ambiguous content in addition to PR activities.
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session (28–32) to tid (33, 34). Fifty-six CGs (45.2%) 
reported PR intensity, with most using terminology 
such as “passive” (n = 50, 89.3%). Fifty-seven CGs 
(46.0%) reported PR duration (CERT item number 
13D) with a range of 5 (35–37) to 60 minutes (38–40) 
per session.

Seventy-three CGs (57.5%) reported the planned 
frequency of PR by day, most commonly once per day  
(n = 43, 58.9%) (Supplementary Table S11, http://links.
lww.com/CCX/B193). We identified a decrease in the 
proportion of CGs with PR planned less than once a day 
in studies published between 2011 and 2015 compared 

TABLE 3.
Content of Comparator Group Physical Rehabilitation Programs

Physical Rehabilitation Activities Evaluable Comparator Groups (n = 90) Usual Care (n = 59) 

Activities 28 (31.1) 17 (28.8)

  PROM only 8 (8.9) 6 (10.2)

  Positioning only 6 (6.7) 4 (6.8)

  Sham neuromuscular electrical stimulation only 5 (5.6) —

  Mobility only 3 (3.3) 3 (5.1)

  A irway clearance + manual hyperinflation + 
PROM + active-assisted range of motion

2 (2.2) 2 (3.4)

  PROM + active range of motion 2 (2.2) —

  P ROM + kicking stability ball + standing + 
walking

2 (2.2) 2 (3.4)

Other 62 (68.9) 42 (71.2)

PROM = passive range of motion, - = not applicable.
We examined comparator groups (CGs) to identify those with the same physical rehabilitation (PR) activity/activities. “Other” means that 
a CG had planned combinations of PR activities that were not repeated in any other study (e.g., Akar 2017 included PROM, active-
assisted range of motion, and active range of motion in their CG PR program, which was unique from all other CGs). Further detail in 
Supplementary Table S6 (http://links.lww.com/CCX/B193).

Figure 2. Summary of results (n = 125 studies). The outer circle summarizes the types of comparator groups (CGs), derived from 
authors’ CG labels (e.g., usual care, progressive mobility). The middle circle summarizes CG content (e.g., what authors said they would 
do). Content is a summary of authors’ verbatim descriptions of CG physical rehabilitation (PR), classified into activities. We grouped 
similar activities together into “unique activities.” In some instances, authors’ descriptions precluded classification into individual activities, 
and we labeled these “ambiguous terms.” The innermost circle summarizes the number of CGs with repeated programs. Programs are 
activities or combinations of activities. The denominator for all three circles is the total number of studies (125).
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with 2016–2020 (n = 4/13 [30.8%] vs n = 3/41 [7.3%]; p < 
0.05) (Supplementary Table S11, http://links.lww.com/
CCX/B193 and Supplementary Fig. S4, http://links.
lww.com/CCX/B193). Of the 57 reporting planned 
daily frequency, 28 (49.2%) did not specify frequency 
per week. For the remaining 29 that reported weekly 
frequency, the most common was five times per week  
(n = 20, 44.4%) (Supplementary Table S11,  
http://links.lww.com/CCX/B193). Forty-seven CGs 
(37.0%) reported the planned duration of PR in min-
utes per day, which was median of 25 minutes (15–
30 min). There was no statistically significant change 
in planned duration of PR over time (Supplementary 
Fig. S5 and Supplementary Table S12, http://links.
lww.com/CCX/B193).

DISCUSSION

Improving outcomes for ICU survivors is a top pri-
ority for critical care researchers, clinicians, patients, 
and families (41, 42). ICU-initiated PR may improve 
physical function for survivors, and the volume of in-
vestigational research has increased rapidly over the 
past 2 decades (43). However, clinical trials have had 
discordant results. Previous work focused on under-
standing PR interventions, however, none have studied 
CGs in depth. The difference in results between inter-
vention and CGs forms the basis for establishing safety, 
feasibility, and efficacy of new interventions, informing 
future research and practice (44, 45). Given our gap in 
understanding CGs, we conducted a scoping review of 

Figure 3. Comparator group (CG) Consensus on Exercise Reporting Template (CERT) reporting, by item. One hundred twenty-seven 
CGs were included in this analysis. Reporting scores were calculated by dividing the total number of studies that reported each CERT 
item by the total number of studies for which that CERT item was applicable. An explanation of methods for CERT assessments is 
included in Supplementary Table S4 (http://links.lww.com/CCX/B193), including reasons for not applicable items. The last bar on the 
right represents the median (first–third quartiles) number of CERT items reported per study. The middle line represents the median 
reporting score (46.7%), while the bottom represents the first quartile (25.0%) and the top represents the third quartile (73.3%). CERT 
items: 1) Detailed description of the type of exercise equipment; 2) Detailed description of the qualifications, teaching/supervising 
expertise, and/or training undertaken by the exercise instructor; 3) Describe whether exercises are performed individually or in a group; 
4) Describe whether exercises are supervised or unsupervised and how they are delivered; 5) Detailed description of how adherence to 
exercise is measured and reported; 6) Detailed description of motivation strategies; 7a) Detailed description of the decision rule(s) for 
determining exercise progression; 7b) Detailed description of how the exercise program was progressed; 8) Detailed description of each 
exercise to enable replication; 9) Detailed description of any home program component; 10) Describe whether there are any nonexercise 
components; 11) Describe the type and number of adverse events that occurred during exercise; 12) Describe the setting in which the 
exercises are performed; 13a) Frequency; 13b) Intensity; 13c) Timing; 13d) Duration; 14a) Describe whether the exercises are generic 
(one size fits all) or tailored, whether tailored to the individual; 14b) Detailed description of how exercises are tailored to the individual; 
15) Describe the decision rule for determining the starting level at which people commence an exercise program; 16a) Describe how 
adherence or fidelity to the exercise intervention is assessed/measured; and 16b) Describe the extent to which the intervention was 
delivered as planned.

http://links.lww.com/CCX/B193
http://links.lww.com/CCX/B193
http://links.lww.com/CCX/B193
http://links.lww.com/CCX/B193
http://links.lww.com/CCX/B193
http://links.lww.com/CCX/B193
http://links.lww.com/CCX/B193
http://links.lww.com/CCX/B193
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125 studies representing 127 CGs. Usual care was the 
most common type of CG. The planned content varied 
considerably, alongside important reporting gaps. One 
out of every five CGs lacked detail to understand what 
was planned by investigators.

Heterogeneity in CG Content

Inconsistent labeling of CGs, with sparse content de-
scription, may lead to inaccurate interpretation of 
meta-analyses and subsequent conclusions regarding 
intervention efficacy. For example, if the same inter-
vention was compared against one usual care PR CG 
and one CG without PR, there are likely to be different 
effect estimates (46, 47). We documented 60 unique PR 
activities, and the majority of CG programs (68.9%) 
were not repeated in other CGs, suggesting an im-
portant source of heterogeneity across studies. Across 
CGs, we also identified variation in the frequency, 
intensity, and duration of activities. Variation in CG 
Content and characteristics limits researchers’ ability 
to appropriately pool results across studies. Differences 
in the contrast between groups within a study, or in 
the CG across studies could contribute to an under-
estimation of treatment effect, leading to inaccurate 
conclusions regarding an intervention’s safety, efficacy, 
or both (46, 48).

Usual Care

Usual care alone was the most common type of CG, 
and we identified heterogeneity in terminology and 
content. These findings are consistent with a system-
atic review of usual care CGs in stroke rehabilitation 
(24). Heterogeneity in usual care CGs may be contrib-
uting to discordant results in systematic reviews where 
efficacy is established by comparing an intervention 
against “usual care.” It is evident that “usual care” was 
not consistent among the 81 PR studies in this review, 
further emphasizing a need to clearly describe the CG 
design (49).

CERT Underreporting

One fifth of CGs were not reported with enough de-
tail to understand what was planned, further sup-
porting the “black box” paradigm of rehabilitation 
interventions, where treatments are not specified with 
enough detail to allow understanding or replication 

(50, 51). Of the studies that included CG PR details, 
CERT assessments identified poorly reported charac-
teristics, particularly measurement of adherence (item 
5), motivation (item 6), and treatment fidelity (item 
16A). Our analysis of PR dose over time was limited 
by underreporting; 58% of studies reported daily CG 
PR frequency, 37% reported duration, and 35% weekly 
frequency. These findings are consistent with previous 
reviews of adult and PICU-based PR interventions (11, 
52) and with a review of PR for individuals with heart 
disease (53).

Inconsistent reporting of CG characteristics con-
tributes to avoidable research waste (54). Given the 
complex nature of PR (55), there is a need for detailed 
reporting to allow for proper understanding and in-
terpretation of intervention and CGs. Reporting 
guidelines specific to intervention replication, such 
as CERT (18) and TIDieR (21), provide a structure 
for reporting aspects of a treatment on a macro level 
(e.g., provider or type). However, for complex inter-
ventions such as PR, one treatment may have sev-
eral components with unique targets and rationales. 
CERT and TIDieR do not adequately capture indi-
vidual treatment components.

Usual care CGs were also underreported, preventing 
clinicians from assessing whether what was planned is 
consistent with their practice (56). Given that usual 
care is rapidly changing, in some instances the CG PR 
provided may be outdated or harmful (48). In our re-
view, usual care PR included activities such as cycling 
(57, 58), which is currently under investigation in clin-
ical trials. Health researchers have an ethical responsi-
bility to compare new interventions to the current best 
practice. If best practice is not known, researchers are 
responsible for providing treatment to patients in CGs 
that will: 1) do no harm, 2) maximize possible benefits, 
and 3) minimize potential harm (59, 60). In ICU PR, 
the current best practice is not known, further empha-
sizing the need to clearly report the planned content 
of CGs (61). A recent review of 15 active mobiliza-
tion studies versus usual care in mechanically venti-
lated patients reported concerns for adverse events in 
patients receiving active mobilization (62). Gaps in re-
porting usual care activities could contribute to under-
estimates of adverse events in these CGs.

Incidentally, we identified that half of studies did 
not document duration of MV and 40% did not doc-
ument ICU length of stay. These data are important to 
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understand patient populations, and contextualize PR 
dose. While guidelines do not exist for reporting ICU 
patient characteristics, researchers may consider using 
resources such as the Critical Care Minimum Data Set 
from the United Kingdom to improve and standardize 
reporting (63).

Next Steps

To improve reporting, future studies could employ the 
Rehabilitation Treatment Specification System (RTSS), 
a system developed by rehabilitation professionals 
to improve research and clinical treatment reporting 
(64). The RTSS describes rehabilitation treatments 
according to their targets (the aspect of an individual’s 
functioning intended to change), ingredients (what the 
clinician does or provides), and mechanisms of action 
(how a clinician hypothesizes the ingredients achieve 
the target) (65). The RTSS has been applied in other 
health conditions (e.g., aphasia, dementia) (66, 67) and 
has been a useful tool for identifying commonalities 
across treatments. Specification of ICU PR according 
to the RTSS may allow researchers to clearly articulate 
PR activities and intended outcomes, aiding clinicians, 
trialists, and researchers in their understanding and 
interpretation of ICU PR study results.

Strengths and Limitations

Our study has limitations. We did not assess reviewer 
agreement in screening. We assessed completeness of 
reporting using CERT, which was published in 2016. 
Thus, studies published before the CERT guidelines 
would not have had access to this tool to guide re-
porting. We also assigned a reporting score, with each 
item weighted equally. Some CERT items may be of 
higher relevance for ICU PR. To aid interpretation, we 
also presented reporting scores for each CERT item 
overall and by study. We only included studies pub-
lished in English for feasibility, potentially introducing 
a language bias in our results. To maintain feasibility, 
we did not contact authors for additional CG informa-
tion that was not readily available in publications or 
supplemental material. We analyzed the planned CG 
PR treatment, and aside from CERT, did not evaluate 
fidelity or analyze what PR was delivered to patients. 
Last, our search was limited to studies published be-
fore July 2022, excluding recent important studies like 
the Treatment of Mechanically Ventilated Adults with 

Early Activity and Mobilization trial, which is currently 
the largest published trial in the field to-date (68).

Our study also has important strengths. To our 
knowledge, this is the largest review of studies of ICU-
based PR and the first to comprehensively study CGs. 
We applied a rigorous scoping review methodology, 
and used duplicate processes (screening, data extrac-
tion, analysis, CERT assessments). We prospectively 
registered our protocol, and reported results according 
to established guidelines (15).

CONCLUSIONS

We identified heterogeneity and underreporting of 
CGs in ICU-based studies of PR, which may con-
tribute to discordant results observed in the field. 
While this is the first study to characterize CGs in 
ICU-based PR, these findings are not unique from 
other fields of rehabilitation research, suggesting a 
common barrier (23, 24). Given that we did not assess 
fidelity, there is a need for future work to assess the 
PR received by patients in CGs relative to what was 
planned. Overall, there is a need for researchers to 
standardize reporting essential CG details and justify 
the selection of CG type and content. Use of the RTSS 
may aid in standardization and improved reporting 
of PR treatments. By improving CG reporting, future 
studies can advance the field of critical care rehabil-
itation by helping researchers to design better trials 
and clinicians to understand the applicability of trial 
results in their own settings.
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