
Copyright © 2022 by the Society of Critical Care Medicine and Wolters Kluwer Health, Inc. All Rights Reserved.

Critical Care Medicine www.ccmjournal.org     1843

*See also p. 1799.

Copyright © 2022 by the Society of 
Critical Care Medicine and Wolters 
Kluwer Health, Inc. All Rights 
Reserved.

DOI: 10.1097/CCM.0000000000005690

KEY WORDS: COVID-19; critical care; intensive care unit; recovery; rehabilitation

In this issue of Critical Care Medicine, Stripari Schujmann et al (1) described a  
prospective, multicenter study analyzing the trajectory of critically ill 
patients with COVID-19 during their critical care illness. It described 

the disease course of 328 survivors admitted between July 2020 and July 2021 
across four ICUs in Sao Paulo, Brazil. The primary outcome was the Barthel 
Index (BI) measured at ICU and at hospital discharge. Secondary outcomes 
included duration of mechanical ventilation, ICU and hospital length of stay 
(LOS), muscle and hand grip strength, development of ICU-acquired weak-
ness, and mobility milestones including time to out of bed and ambulation. 
Documented ICU exposures included mechanical ventilation, sedation, renal 
replacement therapy, proning, and receipt of physical therapy. The authors 
excluded patients who died in hospital, had a short ICU stay (i.e., < 4 d), those 
who had a functional decline due to other complications, and those who could 
not participate with their assessment.

The cohort was functionally independent at baseline (i.e., BI = 100 points, 
described further below), relatively young (i.e., mean [sd] 55.3 (14.7) yr), and 
had ICU and hospital LOS of 13.9 (11.2) and 25.6 (23.0) days, respectively. 
Patients were quite sick with a Simplified Acute Physiology Score (SAPS)–3 
score of 51.2 (16.5). Just over half of the cohort (i.e., 52.8%) received mechan-
ical ventilation for 9.3 (8.2) days and accompanying sedation for 7.4 (6.0) days; 
35.4% received neuromuscular blockade, and 33% of patients required proning 
during their ICU stay. The majority of the cohort (93.8%) received corticoste-
roids, and 11.2% required renal replacement therapy. Although no data were 
available on nutritional status, 56.3% of patients had reported hyperglycemia 
during this ICU stay. Mobility was recorded as the time to out-of-bed patient 
mobilization from ICU admission.

The authors identified three outcome states at hospital discharge based on 
BI class. The BI was a marker of functionality that included an assessment 
of 10 activity and mobility activities, where each item’s rating reflected the 
amount of assistance required to complete an activity. Scores vary from 0 to 
100, where higher scores reflect better function (2). It is valid and reliable for 
use in ICU survivors, the smallest detectable change at ICU discharge is 20 
points, and scores greater than 85 reflect mild to no impairment (2). In the 
study by Stripari Schujmann et al (1), the authors found that 44% of included 
patients were functionally independent (BI score > 85 at ICU and hospital 
discharge), 33% recovered functionality (BI score < 85 at ICU discharge and 
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> 85 at hospital discharge), and 22% were function-
ally dependent (BI score < 85 at both ICU and hos-
pital discharge).

The authors developed regression models to iden-
tify factors associated with recovered functionality 
and functional dependence. Recovery to baseline in-
dependence during the ward stay was associated with 
shorter ICU LOS (odds ratio [OR] 95% CI, [0.97, 0.94–
0.99]) and higher muscle strength by Medical Research 
Council test at ICU discharge (1.13, 1.08–1.18). The 
factors significantly associated with functional de-
pendence at ICU discharge were longer time until the 
first day to out-of-bed patient mobilization (1.20, 1.11–
1.13), older age (1.02, 1.01–1.04), hyperglycemia (2.52, 
1.56–4.07), and higher SAPS-3 score (1.02, 1.01–1.04). 
For patients who were mechanically ventilated, longer 
time to out-of-bed patient mobilization and longer du-
ration of sedation use were associated with becoming 
functionally dependent at ICU discharge ([1.11, 1.06–
1.24] and [1.14, 1.03–1.27], respectively).

CONTEXTUALIZING THE RESULTS

How does the study by Stripari Schujmann et al (1) 
compare with others measuring the BI? In a cohort 
of 122 general ICU patients from the pre-COVID era, 
the median (interquartile range [IQR]) BI score at ICU 
discharge was 25 (10–60; rater 1) (3). In the seminal 
randomized clinical trial of early physical therapy and 
occupational therapy, the median (IQR) BI scores at 
hospital discharge for those who started rehabilitation 
within 72 hours of ICU admission was 75 (IQR 7.5–95), 
and those in the control group 55 (0–85) (4). Patients 
enrolled in the current study by  Stripari Schujmann et 
al (1) had higher mean (sd) BI scores of 73 (24) at ICU 
discharge and 85 (19) at hospital discharge. Thus, in the 
study by Stripari Schujmann et al (1) of ICU COVID 
survivors, their functional status at ICU discharge was 
“better” than typical ICU patients and appeared “sim-
ilar” at hospital discharge to those receiving early phys-
ical therapy in the pre-COVID era. However, the current 
study by Schujmann et al (1) restricted their analysis to 
survivors, which is different than Schweickert et al (4), 
who included decedents (and assigned a Barthel score 
of 0). Of the patients “excluded” from the current study 
by Stripari Schujmann et al (1), 56 had poor outcomes 
(i.e., death or cognitive/functional impairment, Fig. 1 
[1]), which may contribute to a health survivor bias 
in the reported results. Thus, the functional status of 

previously healthy patients recovered from COVID-19 
infection may be severely impaired.

Postintensive Care Syndrome

ICU survivors are at risk for postintensive care syndrome 
including physical deconditioning, cognitive impairment, 
mood disorders, residual physical or mental fatigue, and 
persistent pain (5). ICU survivors are also at risk of devel-
oping new or worsening frailty. Frailty is a multidimen-
sional syndrome characterized by decreased reserve and 
diminished resistance to stressors and a state of vulnera-
bility where minimal stress may cause catastrophic loss of 
function (6). Frailty is associated with an increased risk of 
disability, is dynamic, is preventable, and is potentially re-
versible (7). Impaired functional status, as indicated by a 
diminished BI score, may be a marker of frailty. Previous 
studies have demonstrated that in ICU survivors from the 
pre-COVID era, 46% had frailty at 3 months, and 61% 
progressed to a worse frailty state from baseline (7). This 
in turn may affect quality of lives and future disease states. 
Precomorbid state of frailty is associated with worse out-
comes, and this may correlated with a decreased baseline 
BI score (8). Any intervention that may limit post-critical 
illness frailty is warranted and as indicated by the study by 
Stripari Schujmann et al (1) may encompass modifiable 
factors such as rehabilitation started in the ICU.

The authors provide a good foundation of baseline 
characteristics for future research; however, they did 
not report the sex or nutritional status of enrolled par-
ticipants. COVID-19 is more likely to affect males than 
females in the ICU, and the prevalence of frailty in 
critically ill adults is higher for females than males (9). 
Females are more vulnerable for ICU-acquired weak-
ness (10). Malnutrition leads to an increased catabolic 
state and deconditioning (11). Without information 
relating to these variables, we have an incomplete pic-
ture of factors associated with functional recovery. 
Future studies should focus on sex-specific factors and 
nutritional variables related to recovery from critical 
illness associated with COVID-19 infection.

Need for Rehabilitation Treatments

Clearly, rehabilitation interventions for patients with 
COVID-19 are important, starting from ICU and re-
turning to the community. Mechanical ventilation, 
sedation, paralysis, proning, and steroids (and asso-
ciated hyperglycemia) are all necessary treatments in 
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the ICU; rehabilitation interventions are potentially 
modifiable exposures. In the pre-COVID era, early 
rehabilitation (i.e., within 1 wk of admission) is safe 
and can improve functional outcomes (12). The study 
by Stripari Schujmann et al (1) reports mobility mile-
stones, and future studies reporting rehabilitation 
activities are needed. To advance the field, we need 
carefully designed rehabilitation interventions, ide-
ally embedded within health systems. Rehabilitation 
interventions are complex, and explicit description 
using an approach like the Rehabilitation Treatment 
Specification System would help advance multidisci-
plinary understanding of the “active ingredients” of 
treatments (13).

Need for Longer Term Outcomes

We urgently need to understand posthospital outcomes 
in ICU COVID survivors. Although the authors of the 
study by Stripari Schujmann et al (1) followed patients 
from ICU admission to the ward and to hospital dis-
charge, we need further studies to understand patients’ 
disposition posthospital discharge and their reinte-
gration into society following their critical illness. The 
anticipated enduring impact of COVID-19 on patients’ 
recovery was described early in the pandemic, including 
functional, cognitive, and mental health dysfunction 
(14). Rehabilitation started in the ICU is a potentially 
noninvasive, modifiable intervention that could im-
prove outcomes in patients recovering from critical ill-
ness associated with COVID-19 infection. Future work 
is needed to evaluate how specific rehabilitation factors 
(i.e., timing, intensity, type) are associated with variables 
related to functional recovery from critical illness (i.e., 
sex and nutritional status), posthospital, and long-term 
healthcare outcomes following COVID-19 infections. 
Studies embedded in healthcare systems could allow 
development of patient cohorts from ICU admission to 
hospital discharge, posthospital rehabilitation to home, 
and facilitate long-term longitudinal follow-up with 
health administrative databases (15). This in turn will 
allow future investigators to evaluate the most appro-
priate rehabilitation interventions to improve outcomes 
for patients recovering from critical COVID-19 illness.
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