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Champagne-Ardenne, Laboratoire MATériaux et Ingénieurerie Mécanique (MATIM), Reims, France

Objective: To explore the impact of improved inten-
sive care for COVID-19 patients on the prevalence 
of post-intensive care syndrome (PICS).
Design: Ambispective cohort study.
Patients: Post-intensive care unit COVID-19 patients 
from the first and second waves of COVID-19.
Methods: Patients were evaluated at 6 months after 
infection. PICS was defined as the presence of a 
1-min sit-to-stand test (1STS) score < 2.5th percen-
tile or a Symbol Digit Modalities Test (SDMT) below 
the 2 standard deviation cut-off, or a Hospital Anx-
iety and Depression Scale score ≥ 11.
Results: A total of 60 patients were included (34 from 
wave 1 and 26 from wave 2). Intensive care unit 
management improved between waves, with shor-
ter duration of orotracheal intubation (7  vs 23.5 
days, p = 0.015) and intensive care unit stay (6  vs 
9.5 days, p = 0.006) in wave 2. PICS was present in 
51.5% of patients after wave 1 and 52% after wave 
2 (p = 0.971). Female sex and diabetes were signifi-
cantly associated with PICS by multivariate analysis. 
Conclusion: Approximately half of post-intensive 
care unit COVID-19 patients have 1 or more impair-
ments consistent with PICS at 6 months, with an 
impact on quality of life and participation. Improved 
intensive care unit management was not associated 
with a decrease in the prevalence of PICS. Identi-
fication of patients at risk, particularly women and 
diabetic patients, is essential. Further studies of 
underlying mechanisms and the need for rehabilita-
tion are essential to reduce the risk of PICS.

Correspondence address: Centre Hospitalo-Universitaire  de 
Reims, Hôpital Sébastopol, Département de Médecine Phy-
sique et de Réadaptation, 51092, Reims, France. E-mail: 
arapin@chu-reims.fr

The new severe acute respiratory syndrome coro-
navirus (SARS-CoV-2) and the resultant disease, 

COVID-19, first emerged in late 2019, and was decla-
red a pandemic by the World Health Organization 
(WHO) in March 2020. The long-term consequences 
of SARS-CoV-2 infection are the focus of intense 
research activity. In addition to its pulmonary, renal 
and hepatic effects, SARS-CoV-2 infection is associa-
ted with vascular and neurological complications, as 
well as acquired neuro-muscular weakness. Survivors 
of severe or critical forms of COVID-19 are at risk of 
developing post-intensive care syndrome (PICS) (1, 2), 
defined as the presence of physical, cognitive or mental 

LAY ABSTRACT
COVID-19 infection can lead to hospitalization in an inten-
sive care unit (ICU). Some patients experience physical, 
mental or emotional symptoms after ICU admission, col-
lectively termed post-intensive care syndrome (PICS). 
It was hypothesized that improvements in management 
in the ICU between the first and second waves of the 
COVID-19 pandemic may have had a positive impact on 
the prevalence of PICS. In the current study, according to 
the definition proposed, However, the results of this study 
showed that, according to the definition proposed, half 
of all post-ICU COVID-19 patients had PICS at 6 months 
after infection, with no difference between waves, despite 
improvements in care in the ICU. In the current study, 
women and patients with diabetes were most frequently 
affected. Improving care at the acute phase seems to be 
insufficient to prevent PICS post-COVID. It seems neces-
sary to improve care programmes and follow-up after the 
acute phase in order to prevent and manage PICS and 
improve quality of life for these patients.
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tion medicine; exercise capacity; long-term consequences.
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impairments occurring during or after a stay in the 
intensive care unit (ICU) (3–5). Although there is a 
general consensus regarding the functions affected by 
PICS, the measurements and cut-offs used to define 
them are not standardized, introducing significant 
heterogeneity in the literature, and making compa-
risons between studies difficult. Furthermore, the 
physiopathology of PICS unrelated to SARS-Cov-2 
infection is unclear (6). These functional alterations 
may have long-term repercussions, including an ina-
bility to return to work for up to 60 months after ICU 
(7) and impaired quality of life (8).

The prevalence of PICS after ICU admission for 
severe forms of COVID-19 was thought to be much 
higher than after other diseases; namely 87–91% (4, 9), 
although recent studies did not report any differences 
(10, 11). 

Given the health and social impact of PICS, recom-
mendations have been made to prevent its occurrence. 
Interprofessional approaches to symptom management 
during critical illness, known as the ABCDEF bundle, 
have been proposed in guidelines to prevent short- and 
long-term impairments in functioning after a stay in 
the ICU (12, 13). Among the proposed bundles, early 
mobilization in the acute phase must be associated 
with systematic rehabilitation during the ICU stay, 
and after discharge.

Management of COVID-19 during the first wave of 
the pandemic was hampered by a lack of knowledge 
of the disease and its consequences, compounded by 
the massive influx to ICUs within a very short time-
span. Marked improvements ware made worldwide 
between the first and second waves, in particular, 
with a lower proportion of patients requiring invasive 
mechanical ventilation in the second wave (14). This 
improvement should have an impact on the prevalence 
of PICS. Several authors in Europe have studied mor-
tality from COVID-19 over the course of the different 
pandemic waves, in particular to assess the impact of 
progress in management, albeit without showing any 
marked differences (15, 16). To date, no study has 
assessed the impact of the pandemic waves and the 
improvement in management of patients admitted to 
the ICU on the frequency of PICS. The improvement 
in professional practices and better knowledge of the 
pathology has led to the hypothesis that the prevalence 
of PICS should decrease between the first and second 
waves, confirming the importance of the quality of 
care, and highlighting areas of improvement or where 
caution remains required. The aim of this study was 
therefore to compare the prevalence of PICS at 6 
months after SARS-CoV-2 infection, between patients 
admitted in a french ICU (Champagne-Ardenne 
region, France) during the first and second waves of 
the pandemic.

METHODS

This is a post hoc analysis of 2 prospective, single-centre 
cohorts, namely the CAPACoV-19 cohort, which enrolled 
patients admitted during the first wave of the pandemic 
in France (7 March to 15 May 2020), and the RETRO-
REA cohort, which enrolled patients during the second 
wave in France (1 December 2020 to 28 February 2021).

The results are reported in compliance with the 
Strengthening in Reporting of Observational studies 
in Epidemiology (STROBE) statement for cohort 
studies (17). 

Inclusion criteria
The CAPACoV-19 cohort is part of a prospective study 
(number EudraCT/ID-RCB: 2020-A01081-38) car-
ried out in the Physical and Rehabilitation Medicine 
(PRM) Department of Reims University Hospital, 
Reims, France, which aimed to evaluate the physical, 
cognitive, and psychological consequences of infec-
tion with SARS-CoV-2 in patients hospitalized at the 
acute phase of disease. Inclusion criteria were: age 
≥ 18 years, SARS-CoV-2 infection confirmed by RT-
PCR and/or undisputable clinical and/or paraclinical 
arguments; need for hospitalization at the acute phase, 
with referral to the PRM department; ability to read 
and write French fluently; ability to follow a rehabilita-
tion programme, and consent to participate. Exclusion 
criteria were: Mini Mental State Examination (MMSE) 
score < 22, and patients under legal protection.

The CAPACoV-19 cohort was constituted in the 
early stages of the first wave of COVID-19, and the 
evaluations carried out at that time were largely based 
on knowledge from the previous SARS-CoV-1 and 
MERS-CoV epidemics. Evaluations in the first wave 
that were later deemed to be relevant were continued 
for patients followed during the second wave, who 
constituted the RETRO-REA cohort, an ambispective 
cohort. This second cohort enrolled patients who were 
seen at 6-month follow-up consultation after an ICU 
stay for critical COVID-19. Patients were evaluated 
by a specialist PRM physician. The selection criteria 
of patients for the RETRO-REA cohort were therefore 
the same as those of the initial CAPACoV-19 cohort 
listed above.

Measurements
Anthropometric data (age, weight, height), comorbidi-
ties and lifestyle habits were recorded for all patients. 
Return to work and/or leisure activities were also noted 
at 6-month follow-up consultation (binary response, 
yes/no). Data regarding the acute management were 
collected from the patients’ medical files. Simplified 
Acute Physiology Score II (SAPS II) was collected to 
classify disease severity (18). During the follow-up 
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consultation, patients were asked whether they had 
had rehabilitation, either in a PRM unit, or in private 
community practice. 

To evaluate the prevalence of PICS, the presence of 
physical, cognitive, and/or mental impairment were 
assessed. Patients were considered to have PICS if 
they had physical and/or cognitive and/or mental 
impairment, assessed as described below.

Physical impairment was assessed with the 1-min 
sit-to-stand test (1STS) (19). A score below the 2.5th 
percentile was considered abnormal.

The 6-min walk test (6MWT) was also performed 
in compliance with the American Thoracic Society 
statement (20). However, the instructions differed 
between the 2 waves, because of a change in examiner 
for this test, with a test at fast speed in the first wave 
and at comfortable speed in the second wave. Results 
for the 6MWT were compared with normal values 
from Enright et al. (21).

Cognitive impairment was assessed using the 
Symbol Digit Modalities Test (SDMT, oral version) 
(22). This test consists in converting as many sym-
bols as possible into digits (stated out loud), over a 
period of 90 s. Normative scores take account of the 
level of education, with different norms for people 
who have and have not completed higher education 
(23). A score below 2 standard deviations (SD) was 
considered abnormal.

Mental impairment was assessed using the Hospital 
Anxiety and Depression Scale (HADS). Total scores 
range from 0 to 21 on each scale, with a score of 0 
indicating the absence of possible symptoms of anxiety 
or depression. According to the original publication 
by Zigmond et al., (24), a score of 11 or greater was 
considered to indicate the likely presence of symptoms 
of anxiety or depression. This cut-off was chosen to 
minimize the risk of false-positive results.

Patient-reported outcomes (PRO) were used to assess 
perceived impact on function, activity and participa-
tion. The intensity of dyspnoea was evaluated using 
the ordinal modified Medical Research Council score 
(mMRC). Fatigue was measured using the Modified 
Fatigue Impact scale (MFIS) (25). This questionnaire 
encompasses physical, cognitive and psychosocial 
items and a score of 38 or higher identifies fatigued 
individuals (26). The severity of pain was measured 
using the Brief Pain Inventory-Short Form (BPI-SF) 
(27). This self-report questionnaire yields a score for 
pain intensity (4 items, each with a score ranging from 
0 to 10, for a total possible score of 40, indicating the 
worst pain imaginable), and a scale for pain interfe-
rence (7 items rated from 0, no interference, to 10, 
complete interference, for a total possible score of 70).

Quality of life was assessed using the abbreviated 
generic World Health Organization Quality of Life 

questionnaire (WHOQOL-BREF). Results are expres-
sed as a score ranging from 0 to 100, with higher 
scores indicating better quality of life. Four domains 
are explored, namely physical health (7 items), psycho-
logical health (6 items), social relationship (3 items), 
and environment (8 items). The 5th percentile is not 
available in the published norms for the French general 
population, whereas the 25th percentile is published 
(28). Patients were therefore classified according to a 
score above or below the 25th percentile.

Statistical analysis
No imputation was applied for missing data. Descrip-
tion and analysis were performed assuming a non-
normal distribution. Data are described as number and 
percentage or median and interquartiles for qualitative 
and quantitative variables, respectively. Data were 
compared using the χ2 or Wilcoxon Mann–Whitney 
tests, as appropriate.

Logistic regression was used to identify the factors 
related to the primary outcome. The multivariate 
model included factors that yielded a p-value < 0.10 
by univariate analysis. Results are reported as odds 
ratios (ORs) and 95% confidence intervals (95% CI). A 
p-value < 0.05 was considered statistically significant. 
All analyses were performed using SPSS 28.0. 

Ethical considerations
The CAPACoV-19 cohort was registered with Clinical-
Trials.gov under the number NCT04356378 and was 
approved by the ethics committee CPP Nord Ouest IV 
under the number CPP 3838-RM. The RETRO-REA 
was a follow-up cohort. In accordance with French 
legislation (namely the Jardé law), this retrospective 
study was approved by the French national commission 
for personal data protection (CNIL, Comité National de 
l’Information et des Libertés) (number 2049775 v 0).

RESULTS

Study population
During the first wave of the pandemic, 93 patients were 
admitted to the ICU for SARS-CoV-2 in the University 
hospital of Reims,  of whom 31 (33%) died. During 
the second wave, 55 patients were admitted to the 
ICU, of whom 11 died (20%). A total of 61 patients 
had 6-month follow-up (35 from the first wave, and 
26 from the second wave). The flowchart of the study 
population is shown in Fig. 1. Among survivors of the 
first wave, 55% were followed up at 6 months, and 
59% among the second wave. No patient met the ex-
clusion criteria. One patient who refused to consent to  
follow-up had an MMSE score < 22, which was 
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presumed to predate the COVID-19 infection, based on 
the history-taking. Age, sex, weight, height, and Simp-
lified Acute Physiology Score II (SAPS II) score were 
compared between patients who were included and 
those were not; no significant difference was observed.

Patients from both waves were comparable in terms 
of age, sex, body mass index (BMI), diabetes, and 
hypertension. There was also no difference in the 
proportion of unemployed patients, although there 
was a significant difference in the level of education 
between waves.

The characteristics of the study population are shown 
in Table I.

Acute management
The details of management for patients from both 
waves are given in Table II. In terms of acute care, 
the median duration of invasive mechanical venti-
lation was longer during the first wave (p = 0.015), 
while the number of patients placed in the prone 
position was also higher during the first wave 
(p = 0.008).

Hydroxychloroquine and antiretroviral drugs were 
prescribed during the first wave, but were no longer 
used in the second wave, while the proportion of 
patients treated with corticosteroids increased in the 
second wave (p = 0.008).

The length of stay in ICU and in hospital was longer 
during the first wave (p = 0.018).

Regarding post-ICU management, more patients 
were referred to PRM during the first wave (p = 0.004), 
and similarly, more patients from wave 1 received 
rehabilitation during the first 6 months after ICU 
discharge (p < 0.001).

Post-intensive care syndrome at 6 months
In total, 30 patients had impairments consistent with 
PICS; 17 (51.5%) from wave 1, and 13 (52%) from 
wave 2. The PICS prevalence is shown in Table III, 
estimating physical, mental and/or cognitive function 
at 6 months post-ICU. One data was missing for the 

Table I. Characteristics of the study population

First wave,
N = 34

Second wave,
N = 26 p-value 

Age, years 64 [54.7 – 71.2] 65 [52.2 – 70.7] 0.823
Women 12 (35.3) 10 (38.5) 0.801
BMI, kg/m2 29.1 [26.4 – 31.3] 28.9 [26.7 – 35.7] 0.536
 Obesity (BMI ≥ 30 kg/m2) 12 (35.3) 12 (46.2) 0.395
Active smokers 1 (2.9) 2 (7.7) 0.574
Hypertension 16 (47.1) 14 (53.8) 0.602
Diabetes 8 (23.5) 7 (26.9) 0.764
History of depression 5 (14.7) 3 (11.5) 1
Level of education =  
university

12 (35.3) 3 (11.5) 0.035

Professionally active 10 (29.4) 7 (26.9) 0.832

All results are expressed as median [interquartile range] or number 
(percentage).
BMI: body mass index.

First wave 
142 patients admitted to

intensive care unit

49 with other diseases 

93 patients COVID-19+

31 died

8 living in other regions
6 did not speak French

3 unable to attend
rehabilitation 

7 refused follow-up 
4 unavailable at 6 months

34 patients
CAPACoV-19 cohort

26 patients  
RETRO-REA cohort

5 living in other regions
2 under protective

measures
7 refused follow-up 

4 unavailable at 6 months

11 died

55 patients COVID-19+

90 with other diseases

Second wave
145 patients admitted
to intensive care unit

Fig. 1. Study flow chart.
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1STS, 1 for the HADS, and 2 for the SDMT. Finally, 2 
patients could not be classified for PICS. Prevalence of 
PICS did not differ between the first and second waves 
(p = 0.971). Fig. 2 show the spread of impairments 
among patients classed as having PICS. 

Among patients in the first wave, 2 had bilateral 
common peroneal nerve palsy post-ICU, with a 

full recovery in 1 and a persisting need for ort-
hosis in the other at 6 months. Among patients in 
the second  wave, 2 underwent electroneuromyo-
graphy; 1 for right ulnar nerve compression and 1 
for polyneuropathy post-ICU. No sequelae were 
observed on physical examination at 6 months in 
either patient. No other neurological complications 
were detected.

The results of the 6MWT are reported, but it should 
be noted that there was bias in the administration of 
the test, with an instruction to use a fast speed in tests 
in the first wave, and a comfortable speed for the tests 
in the second wave. 

Due to the difference in the level of education 
between samples in the first and second waves, the 
proportion of patients with cognitive impairment 
according to the level of education was compared, 
despite the fact that parameter is integrated into  
the SDMT norms. Fisher’s exact text did not show 
any statistical difference (13.3% for patients who 
went to university vs 18.6% for the others, p = 1). 
Among patients with anxiety or depression after 
COVID-19 disease, 4 had a history of depression 
and 10 did not (p = 0.081). Table IV presents the 
comparison of the characteristics and acute care 
between those with PICS and those without. Based 
on the results of the univariate analysis, 4 variables 
were included in the multivariate model, namely 
sex, diabetes, weight loss at the acute phase and 
the duration of invasive mechanical ventilation. By  
multivariate analysis, female sex and diabetes 
showed a significant association with PICS at 6 
months, OR 3.48 [95% CI 1.05–11.53], p = 0.041 and 
8.59 [95% CI 1.61–45.72], p = 0.012, respectively.  
Cox-Snell R² was 0.191 and Nagelkerke’s R²  
was 0.255.

Due to the possible effect of sex, this study com-
pared the characteristics of PICS according to sex. 
Women were more likely to have a history of depres-
sion (p = 0.003). However, no difference was observed 
in the presence of symptoms of depression as asses-
sed by the HADS score between men and women 
(18.2% of women vs 8.1% of men, p = 0.407) after 
ICU admission for COVID. There was a significant 
difference in anxiety (31.8% of women vs 8.1% of 
men, p = 0.03). Differences in physical impairment 
and cognitive impairment did not reach statistical 
significance (36.4% of women vs 24.3% of men, 
p = 0.323, and 42.9% of women vs 21.6% of men, 
p = 0.088).

Perceived symptoms, as evaluated by PRO, are 
shown in Table V. PICS was associated with worse 
scores on all PRO questionnaires, namely perceived 
dyspnoea as assessed by the mMRC score, fatigue 
assessed by the MFIS score, pain evaluated by the 

Table II. Details of intensive care unit management at acute phase 
of SARS-CoV-2 infection

First wave,
N = 34

Second wave,
N = 26 p-value

High flow nasal oxygen 30 (88.2) 21 (80.8) 0.482
 Duration, days 4.5 [2–8] 3 [1.5–5] 0.242
Non-invasive ventilation 7 (20.6) 7 (26.9) 0.565
Orotracheal intubation 20 (58.8) 12 (46.2) 0.330
 Duration, days 23.5 [12–30] 7 [4.25 – 21.25] 0.015
Prone position 18 (52.9) 5 (19.2) 0.008
 Duration, days 2 [1–3] 2 [1–3.5] 0.655
Nitric oxide 3 (8.8) 0 (0) 0.251
Neuromuscular blockers 19 (55.9) 8 (30.8) 0.053
ECMO 3 (8.6) 1 (3.8) 0.426
Hydrochloroquine 14 (41.2) 0 (0) < 0.001
Antiretroviral drugs 33 (97.1) 0 (0) < 0.001
Corticosteroids 26 (76.5) 26 (100) 0.008
Renal replacement 
therapy

3 (8.8) 0 (0) (0) 0.251

Total length of hospital 
stay, days

27.5 [18 – 60.5] 18.5 [15.5 – 29.5] 0.018

Length of ICU stay, days 9.5 [7 – 27.2] 6 [3.5 – 13] 0.006
Albuminaemia at 
discharge, g/L

21 [17 – 25.2] 24.5 [23 – 28] 0.036

Thromboembolic event 4 (11.8) 2 (7.7) 0.689
Attended rehabilitation 32 (91.4) 7 (26.9) < 0.001
Hospitalized in PRM 
department

19 (55.9) 5 (19.2) 0.004

All results are expressed as median [interquartile range] or number 
(percentage).
ECMO: extracorporeal membrane oxygenation; ICU: intensive care unit; 
PRM: Physical and Rehabilitation Medicine.

Table III. Evaluations at 6 months after index hospitalization in 
intensive care unit (ICU) for COVID-19

First wave,  
N = 34

Second wave, 
N = 26 p-value

≥ 1 impairments 
consistent with PICSa

17 (51.5) 13 (52) 0.971

≥ 2 impairments 
consistent with PICSb

3 (8.8) 5 (19.2) 0.275

3 impairments consistent 
with PICSb

1 (3) 2 (8) 0.569

Physical PICS (1 STS 
< 2.5th percentile)b

8 (23.5) 9 (36) 0.286

 � 1 STS, number of 
repetition

27.5 [19.7 – 34.2] 25 [16.5 – 29.5] 0.187

 6MWT, m 483 [397 – 553] 407 [271 – 458] 0.002
  % theoretical 95.2 [79.7 – 106.9] 68.8 [57.2 – 82.6] < 0.001
  < 80% 7 (20.6) 16 (61.5) < 0.001
Cognitive PICS (SDMT 
< 2 SD)a

6 (17.6) 4 (16.7) 0.922

 � SDMT correct 
repetitions, n

47 [33.7 – 52.2] 44 [27.7 – 56.5] 0.776

Mental PICS (HADS A 
or D ≥ 11)b

7 (21.2) 7 (26.9) 0.609

 HADS A score 6 [2.5 – 8.5] 4.5 [3 – 8.25] 0.836
 HADS D score 3 [1 – 8.5] 3 [1.75 – 8] 0.842

All results are expressed as median [interquartile range] or number 
(percentage)
PICS: post-intensive care syndrome; 1STS: 1 minute sit-to-stand test; 
6MWT: 6-minute walk test; SDMT: Symbol Digit Modalities Test; SD: 
standard deviation; HADS: Hospital Anxiety and Depression Scale; HADS 
A: anxiety score; HADS D: depression score.
a2 missing data, b1 missing data.
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BPI score, and health-related quality of life assessed 
by the WHOQOL-BREF score, with the exception of 
the social dimension.

Seventeen patients with PICS (56.7%) and 
24 patients without PICS (85.7%) had retur-
ned to their usual leisure activities at 6 months 
(p = 0.015).

DISCUSSION

This study investigated the prevalence of PICS at 
6 months after hospitalization in the ICU for severe 
COVID-19, comparing those hospitalized during 
wave 1 with those hospitalized in wave 2 in France. 
To the best of our knowledge, this is the first study 
to undertake such a comparison. The prevalence of 
PICS was, respectively, 51.5% and 52% in the first 
and second waves, as defined by impairment in 1 or 
more domains consistent with PICS, and 8.8% and 
19.2% when considering impairment in 2 or more do-
mains consistent with PICS. In a similar population, 
Kawakami et al. (29) found results close to those of 
the current study, i.e. 63.5% with 1 or more domains 
impaired and 17.8% with 2 or more domains impai-
red, whereas Maley et  al. showed a higher prevalence 
(30). The prevalence of PICS is highly variable in the 
literature (31). The absence of a clear consensus on 
the measures to be used as well as the cut-offs to be 
prioritized may explain this variation. Furthermore, 
the accountability of the initial pathology, in this 
case COVID, must be carefully weighed, since the 
symptoms of PICS coincide with the symptoms re-
ported by non-ICU patients with “long-COVID” (32). 
The absence of a control group in this study would 
have been advantageous to help clarify this point. It 
should nonetheless be emphasized that other studies 
have not found any difference in the proportion of 
PICS between COVID-19 and non-COVID-19 ICU 
patients (10, 11). 

Most authors have reported PICS, not using a glo-
bal definition, but rather, with a description of each 

Fig. 2. Details of the impairments among patients classed as having 
post-intensive care syndrome (PICS).

Table V. Comparison of patient-reported outcomes at 6 months 
in patients with and without post-intensive care syndrome (PICS)

PICS, N = 30 No PICS, N = 28 p-value

Dyspnoea (mMRC ≥ 2) 14 (46.7) 4 (14.3) 0.008
 mMRC 1 [1 – 3] 1 [0 – 1] 0.00094
Fatigue (MFISa)
 MFIS > 38 21 (70) 7 (25) 0.00061
 MFIS total 51 [36 – 66.5] 17 [8 – 42] 0.000016
 Physical score 25.5 [18 – 31] 10 [4 – 23] 0.00015
 Cognitive score 21.5 [12 – 30] 5 [0 – 14.7] 0.000025
 Psychosocial score 5 [2.7 – 6] 0 [0 – 2] 0.000004
Pain (BPI-SFb)
 BPI Pain intensity 4.2 [3.1 – 5.7] 2 [0 – 3.8] 0.000325
 BPI Pain interference 4.7 [3 – 5.5] 0.6 [0 – 2.5] 0.000005
Quality of life (WHOQOLc)
 WHOQOL physical health 46.4 [37.4 – 58.2] 81 [57.7 – 89.3] 0.000002
   < 25th percentile 25 (83.3) 9 (32.1) 0.000076
 WHOQOL mental health 58.3 [44 – 67.2] 75 [69 – 87.9] 0.000504
   < 25th percentile 11 (36.7) 2 (7.1) 0.007
 WHOQOL social 75 [56.2 – 83.3] 75 [68.7 – 83.3] 0.322
   < 25th percentile 11 (36.7) 5 (17.9) 0.109
 WHOQOL environment 68.7 [46.9 – 81.1] 88 [75 – 94] 0.000279

All results are expressed as median [interquartile range] or number 
(percentage).
mMRC: modified Medical Research Council; MFIS: Modified Fatigue 
Impact Scale; BPI-SF: Brief Pain Inventory-Short Form; WHOQOL-BREF: 
abbreviated World Health Organization Quality Of Life questionnaire.
a4 missing data, b6 missing data, c1 missing data.

Table IV. Characteristics and acute care of patients with and 
without PICS

PICS, N = 30
No PICS,  
N = 28 p-value

Patient’s characteristics
 Age 63 [52.7 – 70.7] 65.5 [57.2 – 70.7] 0.498
 Women 15 (50) 7 (25) 0.05
 � Level of education =  
university

7 (23.3) 8 (28.6) 0.649

 Obesity 13 (43.3) 10 (35.7) 0.553
 Diabetes 11 (36.7) 2 (7.1) 0.007
 Hypertension 14 (46.7) 15 (53.6) 0.599
 � Depression before 
COVID-19

5 (16.7) 3 (10.7) 0.707

Acute care
 Second wave 13 (43.3) 12 (42.9) 0.971
 � Duration of intubation, 
days

24.5 [11.2 – 30.7] 13 [8 – 25] 0.140

 Duration of NMB, days 7 [2 – 11] 4 [2 – 9.5] 0.519
 Corticosteroids 27 (90) 24 (85.7) 0.701
 � Length of stay in ICU, 
days

9 [6.5 – 29.5] 7.5 [5 – 14.7] 0.227

 Rehabilitation care* 18 (60) 18 (64.3) 0.737
 � Weight loss in acute 
phase

11.5 [5 – 17] 5.5 [2.1 – 8.7] 0.005

Results are expressed as median [interquartile range] or number 
(percentage)
PICS: post-intensive care syndrome; ICU: intensive care unit; NMB: 
neuromuscular blockade; PRM: Physical and Rehabilitation Medicine.
*Rehabilitation care either in a PRM unit, or in private practice.
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disability. Regarding the prevalence of physical impair-
ment, Colbenson et al. (33) described it as between 
25% and 80% for patients post-ICU. For Heesakers 
et al. (10), the proportion was 74.5%. Prevalence was 
lower in the current study, probably due to the choice 
of the tests used. The 1STS was chosen because of its 
ease and speed of execution. It does not require any 
material and can be performed during a routine con-
sultation. Also, norms exist for the general population 
(19). Conversely, standards for the 1STS provide the 
2.5th percentile and not the 5th percentile, which may 
result in underestimation of the number of patients 
affected. If we define the presence of PICS based on 
the 6MWT in the current study, the proportion obtained 
would be closer to other studies, such as that of Huang 
et al. (32). However, this test is less easy to perform 
in current practice. In addition, even with standardi-
zed procedures, instructions and encouragement in  
clinical practice can differ, with a difference in results, 
as observed in the current study.

Other studies have used the 1STS to evaluate phy-
sical capacity in patients with COVID-19. Martin 
et al (34) reported a mean number of repetitions of 
16 ± 8 (77% < 2.5th percentile) at ICU discharge. 
Nunez-Cortes et al. (35) found a score of 20.9 ± 4.8 
(42% < 2.5th percentile) at 1 month after infection. 
Dalbosco-Salas et al. (36) evaluated patients before and 
after implementation of a telerehabilitation programme 
in primary care in post-COVID-19 patients, and 
reported an increase in the number of repetitions from 
16.8 ± 10.8 (64.9% < 2.5th percentile) to 26.5 ± 10.5 
(21.1% < 2.5th percentile) for patients hospitalized in 
the acute phase. The current study reports 1STS results 
observed at 6 months post-ICU with results closer to 
those of a post-rehabilitation population.

The prevalence of mental impairment and cognitive 
impairment after ICU also varies in the literature, 
between ranging 25% and 80% (33) and between 21% 
and 78% (37) respectively, depending on the tests and 
cut-offs used. The results of the current study seem to 
be consistent with those of Huang et al. (32) as regards 
mental disorders, and with those of Heesakers et al. 
as regards cognitive disorders (10), with the latter 
reporting no difference compared with PICS of other 
aetiologies, as for Hodgson et al. (11).

The use of the SDMT, which takes account of the 
level of education in its interpretation, is a strength of 
the current study. The interpretation of mental impair-
ment must be balanced by the history of depression. 
No statistical difference was observed in the current 
study, but this is probably due to a lack of power, and 
some patients could have had a history of depression 
without being diagnosed. Furthermore, other authors 
have reported that there was a high prevalence of anx-
iety and depression in the general population during 

the COVID-19 pandemic (38). The comparison with a 
control group, both post-ICU and in the general popu-
lation, could enhance our understanding of this point.

Finally, measuring the prevalence of PICS remains 
an objective that is difficult to achieve in the absence of 
an operationalized definition of this nosological entity. 
A relevant question could be the definition of different 
typologies of PICS and their prevalence. There seemed 
to be an association in the current study between 
mental and physical impairment, whereas cognitive 
impairment appears to be independent. This finding 
is in line with the results reported by Evans et al. (39) 
and Herridge et al. (40). The existence of several types 
of PICS and their description is clearly an interesting 
avenue for future research.

PRO exploring dyspnoea, pain, fatigue, and quality 
of life were associated with the presence of impair-
ments consistent with PICS in the current study. This 
association reveals an important point for patient care. 
Chronic pain is described in ICU survivors (41), as 
described here. Fatigue is also an important issue for 
patients, and was significantly higher in patients with 
PICS. However, it should be noted that sleep quality 
was not assessed in the current study. In view of the 
reported frequency of sleep disorders after COVID-
19 (32), this information must be taken into account 
in the interpretation of fatigue questionnaires. Lastly, 
quality of life has been reported in the literature to be 
reduced by 29% to 63% after ICU admission (42). In 
the current study, patients with PICS had lower scores 
in all dimensions except for the social domain. Finally, 
with very few missing data on the questionnaires in 
the current study, PROs seem to be a useful and easy 
tool to screen for patients with activity limitations and 
participation restrictions after ICU, which is essential 
for proposing and planning the necessary care. Patients 
with PICS were also less likely to have returned to their 
usual leisure activities than patients without PICS. 
Return to leisure activities and work is impacted in 
post COVID-19 patients (43), and this should be an 
important concern for caregivers.

No statistically significant difference was observed in 
the prevalence of PICS between waves, despite impro-
vements in ICU management. Indeed, patients from 
wave 2 had a shorter length of stay, a shorter duration 
of intubation, less use of mechanical ventilation and 
different medical treatments, notably more corticos-
teroids, compared with patients from the first wave. 
These changes are consistent with previous reports in 
the literature (14, 15, 44, 45). The ABCDEF bundle has 
been proposed to prevent PICS (46). The reduction in 
the duration of orotracheal intubation and in the use of 
sedative drugs is in line with these recommendations, 
with the expected immediate effects, such as a decrease 
in mortality and length of stay (13, 47). Among the 
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ABCDEF bundle, the avoidance of over-sedation and 
immobilization has shown an impact on PICS preva-
lence (12). Yet, no decrease in PICS prevalence was 
shown in this study. Similarly, Marra et al. (48) did 
not show any link between improvements in intensive 
care practices and the frequency of PICS. It should be 
noted that, in the current study, a lower proportion of 
patients were oriented to rehabilitation after ICU in 
wave 2, contrary to findings reported elsewhere (49). 
During wave 1, there was an upsurge in capacity in 
PRM departments to provide for the massive influx of 
patients, and to provide maximal rehabilitation support 
for COVID-19 patients, often to the detriment of bed 
availability for other diseases. The progressive return 
to usual activities by the time the second COVID-19 
wave started resulted in reduced overall availability 
of rehabilitation places for COVID-19 patients. Reha-
bilitation care after ICU discharge for COVID-19 is 
presumed to be effective (50), but studies investigating 
the impact of rehabilitation on PICS are controversial, 
due to a lack of methodological rigor and the variability 
of interventions (51). PRM expertise is essential in this 
field to adapt the rehabilitation protocol with a view 
to reducing activity limitations and participation res-
trictions (52). Finally in the current study, the decrease 
in rehabilitation care post-ICU could explain the 
absence of any decrease in PICS prevalence, despite 
improvements in ICU management. Otherwise, this 
hypothesis remains to be confirmed. These findings 
are consistent with the complexity of the management 
of these patients, and the need for collaborative work 
between intensive care and PRM (53).

In the current study, female sex and diabetes were 
both associated with an increased risk of PICS. Risk 
factors for the emergence of PICS vary in different 
studies (54), but these finding are in line with other 
reports. The influence of sex has been highlighted in 
non-COVID-19 patients with PICS (55), as well as 
in COVID-19 patients (39). Notably, Wu et al. (56) 
found female sex to be associated with impaired 
diffusing capacity of the lungs for carbon monoxide 
at 12 months after COVID-19 disease. However, 
the possible effect of sex should be considered with 
caution. In particular, considering mental impairment 
in the diagnosis of PICS can lead to an overestima-
tion of its prevalence in women, who are known to 
have a higher prevalence of anxiety disorders (57), 
as in the current study, or poorer self-rated health 
(58). A history of depression, which was more fre-
quent among women in the current study, is also 
an important point to be considered. Metabolism 
disorders, such as diabetes, are also associated in 
the literature with functional loss after COVID-19 
and particularly long-COVID (59, 60). However, the 
more frequent association of diabetes with physical 

disability (61), depression (62), and cognitive impair-
ment (63) also present without COVID-19 or ICU, 
must be considered. In the current study, the length 
of stay and the duration of ventilation were not 
associated with an increased risk of PICS by multi-
variate analysis, probably due to a lack of statistical 
power. Indeed, several studies have found an asso-
ciation between these variables and PICS prevalence  
(64, 65). Interestingly, Milton et al (66) reported 
that the only predictor of PICS was the patient’s 
functional level at ICU discharge, which is a strong 
argument for systematic evaluation.

The current study has several limitations. First, the 
sample size is relatively small and from a single centre, 
and as a result, the analyses may lack statistical power. 
Furthermore, exhaustiveness of patient recruitment is 
not guaranteed, which leads to a significant risk of bias, 
although we did not observe any significant difference 
between patients who were included in the study and 
those who were not. The lack of data regarding the 
prior functional status and the lack of a control group 
are also important limitations. However, the current 
study reports measures performed during presence-
based consultations with the patients, and not only 
self-report assessments, thereby conferring additional 
validity on our data. Another important question is the 
involvement of the different variants of SARS-Cov-2. 
Some studies compared the pathogenicity of different 
viral variants, with differences in disease severity and 
mortality (67). While the predominant viral variant was 
probably the Wuhan strain in the first wave, and the 
beta variant in the second wave, no viral variant iden-
tification was performed in the current study; thus it 
was not possible to compare the pathogenicity. To date, 
no information is available on the functional impact 
of the different variants, which could be an interesting 
prospect for future studies. Finally, the difference in 
rehabilitation care between the first and second wave 
could have an impact on the PICS prevalence and 
requires caution in the interpretation. 

In conclusion, in the current study, the prevalence 
of PICS at 6 months after ICU discharge was not 
influenced by improvements in ICU management 
between COVID-19 waves. In this context, the iden-
tification of patients at risk, particularly women and 
diabetic patients, is essential. Standardization and 
systematic evaluation of post-COVID-19 patients 
in dedicated physical medicine and rehabilitation 
departments deserves wider development to identify 
functional impairment. Standardization and consensus 
on the definition of PICS and the best tests and cut-off 
thresholds to be used in practice are needed. PROs, 
as measured by self-report questionnaires, are useful 
tools for screening patients for persisting impair-
ments, with a view to proposing appropriate care. The 
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impact of rehabilitation after ICU must be taken into 
consideration. Patient care involves interprofessional 
collaboration, notably between intensive care and 
PRM. The improvement and validation of effective 
care programmes and pathways post-ICU discharge 
remains a central concern in COVID-19 and PICS. In 
this regard, future studies are necessary, with a view 
to distinguishing the damage specific to COVID-19 
and to PICS.
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