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Abstract

Background Post-intensive care syndrome (PICS) affects the quality of life (QOL) of survivors of critical illness.
Although PICS persists for a long time, the longitudinal changes in each component and their interrelationships

over time both remain unclear. This multicenter prospective study investigated the 2-year trajectory of PICS and its
components as well as factors contributing to deterioration or recovery in mechanically ventilated patients with coro-
navirus disease 2019 (COVID-19), and also attempted to identify possible countermeasures.

Methods Patients who survived COVID-19 requiring mechanical ventilation completed questionnaires on the Bar-
thel index, Short-Memory Questionnaire, Hospital Anxiety and Depression Scale, and EuroQol 5 dimensions 5-level
every six months over a two-year period. Scores were weighted to account for dropouts, and the trajectory of each
functional impairment was evaluated with alluvial diagrams. The prevalence of PICS and factors impairing or restoring
function were examined using generalized estimating equations considering trajectories.

Results Among 334 patients, PICS prevalence rates in the four completed questionnaires were 72.1,78.5,77.6,

and 82.0%, with cognitive impairment being the most common and lower QOL being noted when multiple impair-
ments coexisted. Physical function and QOL indicated that many patients exhibited consistent trends of either recov-
ery or deterioration. In contrast, cognitive function and mental health revealed considerable variability, with many
patients showing fluctuating ratings in the later surveys. Delirium was associated with worse physical and mental
health and poor QOL, while prolonged ventilation was associated with poor QOL. Living with family was associated
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with the recovery of all functions and QOL, while extracorporeal membrane oxygenation (ECMO) was associated

with the recovery of cognitive function and mental health.

Conclusions Critically ill patients had PICS for a long period and followed different trajectories for each impairment
component. Based on trajectories, known PICS risk factors such as prolonged ventilation and delirium were associated
with impaired recovery, while ECMO and the presence of family were associated with recovery from PICS. In critically
ill COVID-19 patients, delirium management and family interventions may play an important role in promoting recov-

ery from PICS.
Trial registration number: UMINO00041276, August 01, 2020.

Keywords COVID-19, Post-intensive care syndrome, Trajectory, Function, Quality of life, ECMO

Background

Functional disabilities that occur during an intensive care
unit (ICU) stay or after ICU or hospital discharge include
physical, cognitive, and mental impairments, also known
as post-intensive care syndrome (PICS), which affect the
long-term prognosis and quality of life (QOL) of patients
who survive to ICU discharge [1]. Despite the various
reported risk factors for PICS, the prevalence remains
high even with preventive measures, becoming an impor-
tant social issue due [2—4].

Different recovery trajectories exist for functional
impairments after ICU discharge [5]. Each component
of PICS, including physical function, cognitive function,
and mental health, follows a distinct trajectory, often
characterized by complex impairments [6, 7]. A system-
atic review of responses after major stress events identi-
fied four main trajectories: resilience, recovery, chronic
stress, and delayed onset [8]. Therefore, each compo-
nent of PICS follows a different trajectory with complex
impairments. However, a more detailed understanding
of changes in these components will provide important
information on when to assess and intensify interven-
tions because surviving patients cannot be followed up
many times after ICU discharge.

Minimizing the impact of PICS and promoting recov-
ery requires a multifaceted approach. Comprehensive
interventions were previously suggested to be effective at
preventing and managing PICS [9]. However, the impact
of specific respiratory therapies, such as prone position-
ing and extracorporeal membrane oxygenation (ECMO),
and the use of continuous neuromuscular blocking
agents on PICS in patients requiring mechanical ventila-
tion remains unclear [10-12].

We herein conducted a multicenter, prospective study
on patients with coronavirus disease 2019 (COVID-19)
requiring mechanical ventilation, followed them every
six months for two years, and tracked the evolution of
each component of PICS. To the best of our knowledge,
there have been no large-scale epidemiological studies
that assessed long-term changes in patients requiring
mechanical ventilation. Furthermore, modifiable factors

related to PICS have yet to be examined, which may pro-
vide useful information for PICS measures in patients
requiring mechanical ventilation.

Methods

Study design and setting

This study forms part of the multicenter observational
study “Post-intensive care outcomes in patients with
Coronavirus Disease 2019 study” (PICS-COVID study),
which was conducted in collaboration with the Cross
ICU Searchable Information System (CRISIS), the
national registry in Japan for ICU patients with COVID-
19 who require mechanical ventilation or ECMO, cover-
ing 80% of ICU beds throughout Japan [13].

All patients with COVID-19 admitted to 32 ICUs were
considered for this study. A central office was estab-
lished for the performance of administrative tasks, which
included mailing questionnaires to patients, collecting
and tabulating responses in the questionnaires, and han-
dling inquiries from patients. Details on the participating
institutions and the central office have been described in
previous studies [14].

Approval for this study was granted by the Institu-
tional Review Board of the National Hospital Organiza-
tion Tokyo Medical Center (date: November 26, 2020,
approval number: R20-133) and the Review Boards of
each participating hospital. The study protocol was reg-
istered in the University Hospital Medical Information
Network (UMIN000041276, date: August 01, 2020).

Study population and eligibility criteria

The PICS survey was conducted among patients dis-
charged from the ICU between March 2020 and Decem-
ber 2020. Inclusion criteria for the present study included
patients with COVID-19 aged >20 years who required
invasive mechanical ventilation during hospitalization.
Indications for invasive mechanical ventilation manage-
ment were selected at the discretion of the participating
institutions. Severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection was confirmed using
a polymerase chain reaction test. We excluded patients
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from whom written informed consent was not obtained
and those who were unable to walk on their own before
admission regardless of the use of assistive devices. All
patients with COVID-19 who required mechanical ven-
tilation were promptly registered in CRISIS in accord-
ance with national policy when they were admitted to
the ICU of each participating institution. Patients regis-
tered in CRISIS were enrolled in the present study if they
met the inclusion criteria. Written informed consent was
obtained from all patients.

Procedures

Surveys to evaluate PICS were conducted four times,
with questionnaires being sent to patients in February
and October 2021 and April and October 2022. Partici-
pants were asked to respond to questions regarding the
presence of dyspnea, weight loss, executive dysfunc-
tion, anxiety, and stress, and a subjective evaluation of
their physical, cognitive, and mental status on a visual
analog scale (VAS) ranging from 1 to 10 points. The Bar-
thel index (BI) [15, 16], Short-Memory Questionnaire
(SMQ) [17], Hospital Anxiety and Depression Scale
(HADS)-anxiety, HADS-depression [18], and EuroQol 5
dimensions 5-level (EQ-5D-5L) [19] were used to assess
physical function, cognitive function, mental health, and
QOL, respectively. The results of the survey were fed
back to the representatives of the participating facili-
ties before the next questionnaire was mailed; however,
no interventions were conducted based on the survey.
Responses provided from a proxy approved by the patient
to act in their place were permitted. Responses were col-
lected and tabulated at the central office. Patients who
responded to the survey were given an incentive worth
1,000 yen per survey.

Variables and measurements

Patient characteristics were selected based on previous
studies. Patient characteristics were as follows: age [20],
sex [20], obesity defined as a body mass index (BMI) > 25
[21], frailty defined as>4 on the clinical frailty scale [22],
living with family [23], sequential organ failure assess-
ment (SOFA) score [24], delirium [25], duration of
mechanical ventilation [24], receipt of ECMO [26], tra-
cheostomy [27], prone position [28], continuous neuro-
muscular blocking agent [24], maximum prednisolone
equivalent daily dose [29], and rehabilitation program in
the ICU conducted by a physical therapist [30].

Outcomes

The primary outcome was risk factors for BI, SMQ,
HADS, and EQ-5D-5L, taking into account the trajec-
tory of the functional assessment over two years. Sec-
ondary outcomes were the prevalence of PICS after ICU
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discharge as indicated by the first, second, third, and
fourth PICS surveys, and the prevalence of the three
components of PICS. For the purposes of the present
study, PICS was defined as any one of the following func-
tional impairments: physical impairment defined as a BI
score <90 [31], cognitive impairment as a SMQ score <40
[32], or mental impairment as follows. Anxiety was
defined as a score on the HADS-anxiety scale > 8, while
depression was defined as a score on the HADS-depres-
sion scale > 8, when either anxiety or depression was met
[33, 34]. To assess the details of the trajectory in physical
function, BI items were classified into self-care, excretion,
transferring and movement, as in the functional inde-
pendence measure [35], and a functional impairment was
defined if the score was not perfect in that classification.

Statistical analysis

The demographic characteristics of patients were pre-
sented as medians and interquartile ranges, and results
were shown as means and standard deviations for con-
tinuous variables. Since missing data in longitudinal data
introduces a selection bias, we performed the stabilized
inverse probability of censoring weights. The stabilized
inverse probability of censoring weights at each follow-
up questionnaire was generated using a logistic regres-
sion predicting the probability of non-missingness at
the time point. Covariates were age, sex, BMI, the SOFA
score, clinical frailty scale, comorbidities (hypertension,
diabetes mellitus, cardiac disease, chronic kidney disease,
autoimmune disease, malignant tumors, chronic obstruc-
tive pulmonary disease, and immunodeficiency), reintu-
bation, ECMO, tracheostomy, continuous neuromuscular
blocking agent, prone position, maximum prednisolone
equivalent daily dose, continuous renal replacement ther-
apy, intermittent renal replacement therapy, rehabilita-
tion, delirium, the duration of mechanical ventilation, the
length of ICU stay, the length of hospital stay, the pres-
ence of family members, and the ICU diary. To take the
time course into account, we performed a multivariable
logistic regression with generalized estimating equations
adjusting for patient characteristics and time points.
The patient characteristics were above variables in the
Variables and Measurements section. We estimated the
impact of a 10-year increase in age on outcomes. Simi-
larly, we estimated the impact of a 7-day longer ventilator
period and a 50 mg increase in steroid dose on outcomes.
In addition, we performed sensitivity analysis using a
multiple imputation method to confirm the robustness of
main results. Twenty imputed datasets were created and
estimates and standard errors were combined accord-
ing to the Rubin’s rule. The results were then denoted
by the coefficient and 95% confidence interval. To visu-
alize the trajectories of BI, SMQ, HADS, and EQ-5D-5L
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values, they are shown in an alluvial diagram by ventila-
tor duration. Questionnaire response comparisons with
and without ECMO were performed using the Student’s
t-test. A p value<0.05 (two-sided) was considered to be
significant. Alluvial plots were analyzed using Python,
version 3.12.1 (Python Software Foundation, Wilming-
ton, Delaware, USA) software and all other data were
examined using STATA SE software, version 17 (Stata
Corp, College Station, TX, USA).

Results

The study outline is shown in Fig. 1. During the study
period, we identified 562 patients treated with mechani-
cal ventilation, 410 of whom had the ability to walk before
admission and were enrolled in this study. Seventy-six
patients died in hospital, while 334 were discharged alive
and enrolled for the assessment of PICS and QOL. The
first survey was completed by 251 patients, the second
by 209, the third by 192, and 178 completed all four sur-
veys. The mean (standard deviation) durations of sur-
vey responses after the date of ICU discharge were 5.5
(3.1), 12.5 (3.1), 18.5 (3.1), and 24.5 (3.1) months, respec-
tively. The percentages of survey responses were 79.9%

Patients with COVID-19 infections treated
with mechanical ventilation (n=562)
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(251/314), 84.6% (209/247), 92.8% (192/207), and 94.7%
(178/188), respectively.

The characteristics of patients enrolled for the assess-
ment of PICS and QOL are shown in Table 1. Median age
was 67 years (interquartile range: IQR, 58—74), the per-
centage of males was 79.6%, BMI was 25.4 kg/m?* (IQR,
22.6-28.7), and the percentage of patients who lived with
family members was 74.9%. The percentage of patients
who developed delirium during the ICU stay was 18.9%,
and the duration of mechanical ventilation was 8 days
(IQR, 6-14). Hypertension and diabetes mellitus were
the most common comorbidities. Tracheostomy was per-
formed on 18.0% of patients, and ECMO was introduced
for 13.8%. Approximately 50% of patients were treated in
the prone position, with a neuromuscular blocking agent,
and rehabilitation. The percentage of patients treated
with steroids was 77.5%. The characteristics of patients
who responded to all four questionnaires are shown in
Supplemental Table 1. The characteristics of patients who
dropped out and the number of missing questionnaire
values for each survey are presented in Supplemental
Table 2 and 3.

The prevalence of PICS among patients with severe
COVID-19 in the first, second, third, and fourth

T ,| Patients who were unable to walk on their own before admission (n=27)
L Declined to participate in the study (n=125)

Patients eligible for the study (n=410) |
T

, | In-hospital death (n=76) |

Discharged patients and patients enrolled
for assessment of PICS and QOL (n=334)

I | Patients who could not be reached (n=20) |

| 1st questionnaire sent (n=314) |

T Declined to participate in the study (n=1)
Patients who did not return the questionnaire (n=62)

|
| 15t PICS survey completed (n=251) |
|

v

Declined to participate in the study by phone (n=4) |

| 2nd questionnaire sent (n=247) |

Questionnaires were not received due to an undetermined address (n= 6)
Death was confirmed (n=2)

Declined to participate in the survey (n=7)

Patients who did not return the questionnaire (n=23)

I 2nd PICS survey completed (n=209) I

Declined to participate in the study by phone (n=2) |

| 3rd questionnaire sent (n=207) |
T

Declined to participate in the survey (n=1)
Questionnaires were not received due to an undetermined address (n= 3)
Patients who did not return the questionnaire (n=11)

[
| 3 PICS survey completed (n=192) |

[ Declined to participate in the study by phone (n=2)
Death by phone (n=2)

| 4th questionnaire sent (n=188) |

| Questionnaires were not received due to an undetermined address (n= 1)
Patients who did not return the questionnaire (n=9)

|
I 4th PICS survey completed (n=178) I

Fig. 1 Study outline. Flow chart depicting the enrolment of subjects in the present study. COVID-19 coronavirus disease 2019, ICU intensive care

unit; PICS post-intensive care syndrome, QOL quality of life
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Table 1 Patient characteristics and clinical course
n=334
Age, years, median (IQR) 67 (58,74)
Male, n (%) 266 (79.6)
BMI, kg/m?, median (IQR) 254 (22.6,287)
Obesity (BMI=25), n (%) 175 (52.4)
Living with family, n (%) 250 (74.9)
SOFA score on the day of ventilation start, median (IQR) 54,7
PaO,/F 0, ratio before mechanical ventilation 129 (91, 184)
Clinical frailty scale 2(1,3)
Frailty (Clinical frailty scale >4), n (%) 21(6.3)
ICU mobility scale
3 days 0(0,0)
5 days 0(0,1)
7 days 00,1
Delirium, n (%) 63 (18.9)
Duration of delirium within 1 week of ICU admission, day, median (IQR) 2(1,4)
Duration of mechanical ventilation, day, median (IQR) 8(6,14)
Length of ICU stay, day, median (IQR) 11(8,18)
Length of hospital stay, day, median (IQR) 21(11,38)
Comorbidity, n (%) 225 (67.4)
Hypertension 146 (43.7)
Diabetes mellitus 114 (34.1)
Cardiac disease 37(11.1)
COPD 30(9.0)
CKD G5 9(2.7)
Autoimmune disorder 12 (3.6)
Immunodeficiency 12 (3.6)
Malignant tumor 22 (6.6)
Reintubation, n (%) 12(3.6)
Tracheostomy, n (%) 60 (18.0)
ECMO, n (%) 46 (13.8)
Duration of ECMO, day, median (IQR) 11.5(9,17)
Prone position, n (%) 154 (46.1)
Time from ICU admission to prone position, day, median (IQR) 1(1,2)
Duration of prone position, day, median (IQR) 4(2,5)
Prone position time per session, hour, median (IQR) 16 (8, 16)
Continuous neuromuscular blocking agent, n (%) 154 (46.1)
Duration of continuous neuromuscular blocking agent, day, median (IQR) 22,4
Corticosteroid, n (%) 259 (77.5)
Maximum prednisolone dose, mg/day, median (IQR) 44 (30, 82.5)
RRT, n (%) 29(8.7)
IRRT 16 (4.8)
CRRT 24(7.2)
Rehabilitation program, n (%) 182 (54.5)
Time from ICU admission to rehabilitation program initiation, day, median (IQR) 5(2,15)
ICU diary, n (%) 36 (10.8)

BMI body mass index, CKD chronic kidney disease, COPD chronic obstructive pulmonary disease, CRRT continuous renal replacement therapy, ECMO extracorporeal
membrane oxygenation, ICU intensive care unit, IQR interquartile range, IRRT intermittent RRT, RRT renal replacement therapy, SOFA sequential organ failure

assessment
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Table 2 Questionnaire results
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Tst survey (n=251)

2nd survey (n=209) 3rd survey (n=192) 4th survey (n=178)

Physical function

Barthel index, mean (SD) 924 (33.8)
Self-care impairment, n (%) 41(16.3)
Excretion impairment, n (%) 37 (14.7)
Transferring impairment, n (%) 20 (8.0)
Movement impairment, n (%) 39 (15.5)

Cognitive function
Short-Memory Questionnaire, mean (SD) 382(13.9)
Mental health

Anxiety (HADS-Anxiety score = 8), n (%) 49 (19.5)

Depression (HADS-Depression score > 8), n (%) 49 (19.5)

HADS score, mean (SD) 9.5(84)
HADS-Anxiety score 46 (4.3)
HADS-Depression score 48(4.7)

QOL
EQ-5D-5L, mean (SD) 0.804 (0.336)
Visual analog scale, mean (SD)

Physical function (on a scale of 1 to 10) 6.9 (2.2)

Cognitive function (on a scale of 1 to 10) 82(2.1)

Mental health (on a scale of 1 to 10) 76(23)

Others, n (%)

Dyspnea 118 (47.0)

Walking difficulty 89 (35.5)

Weight loss 154 (61.4)

Memory impairment 74 (29.5)

Executive dysfunction 120 (47.8)

Depression 103 (41.0)

Anxiety 144 (57.4)

Sleeping disorder 3(45.0)

94.7 (44.8) 936 (37) 944 (37.1)
25(12.0) 16 (8.3) 16 (9.0)
23(11.0) 26 (13.5) 23(12.9)
9(43) 0(52) 8 (4.5)
33(15.8) 22(11.5) 22 (124)
38.0(20.2) 364 (154) 36.9(15.7)
25(12.0) 34(17.7) 25 (14.0)
35(16.8) 38(19.8) 36 (20.2)
9.1(12.0) 9.6 (10.0) 8.8 (8.0)
43(5.9) 46(5.2) 38(39)
48(6.5) 5.1(54) 49 (4.8)
0.839 (0.410) 0.833(0.356) 0.824 (0.359)
7.1 (20) 7.1(20) 71019
8.0(1.9) 7.9(1.9) 8.0(1.8)
76(23) 77(22) 78(1.9)
96 (45.9) 89 (46.4) 9 (50.0)
54 (25.8) 55 (28.7) 7(32.0)
48 (23.0) 39 (20.3) 48 (27.0)
66 (31.6) 66 (34.4) 68 (38.2)
(44 5) 96 (50.0) (46 1
1(388) 71(37.0) 0(393)
107 (51.2) 94 (49.0) 93(523)
92 (44.0) 82 (42.7) 3(41.0)

EQ-5D-5L EuroQol 5 dimensions 5-level, HADS Hospital Anxiety and Depression Scale, QOL quiality of life, SD standard deviation

Outcome scores of Barthel index, Short-Memory Questionnaire, Hospital Anxiety and Depression Scale-Anxiety score, Hospital Anxiety and Depression Scale-
Depression score, and EuroQol 5 dimensions 5-level were stabilized using inverse probability of censoring weights that take into account missing data. The included
covariates were age, gender, BMI, SOFA score, clinical frailty scale, comorbidities (hypertension, diabetes, cardiac disease, chronic renal disease, autoimmune disease,
malignancy, chronic obstructive pulmonary disease, immunodeficiency), reintubation, ECMO, tracheostomy, continuous neuromuscular blockade, supine position,
maximum prednisolone equivalent daily dose, continuous renal replacement therapy, intermittent renal replacement therapy, rehabilitation, delirium, duration of
mechanical ventilation, length of ICU stay, length of hospital stay, ICU duration, presence of family members, and use of an ICU diary

surveys is shown in Fig. 2, and the mean EQ-5D-5L val-
ues by functional impairment are shown in Supplemental
Fig. 1. Outcome scores of Barthel index, Short-Mem-
ory Questionnaire, Hospital Anxiety and Depression
Scale-Anxiety score, Hospital Anxiety and Depression
Scale-Depression score, and EuroQol 5 dimensions
5-level were stabilized using inverse probability of cen-
sored weighting to account for missing data. The follow-
ing covariates were included: age, gender, BMI, SOFA
score, clinical frailty scale, comorbidities (hypertension,
diabetes, cardiac disease, chronic renal disease, autoim-
mune disease, malignancy, chronic obstructive pulmo-
nary disease, immunodeficiency), reintubation, ECMO,

tracheostomy, continuous neuromuscular blockade,
supine position, maximum prednisolone equivalent daily
dose, continuous renal replacement therapy, intermittent
renal replacement therapy, rehabilitation, delirium, dura-
tion of mechanical ventilation, length of ICU stay, length
of hospital stay, ICU duration, presence of family mem-
bers, and use of an ICU diary. PICS prevalence rates in
the four surveys gradually increased: 72.1, 78.5, 77.6, and
82.0%, respectively. In all questionnaires, the most com-
mon functional impairment was cognitive impairment,
followed by physical impairment and mental impair-
ment. The prevalence of each component did not show
a consistent change over time. Two or more functional
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1st survey

5.5 (3.1) months after ICU discharge

PICS
72.1%

Patients with COVID-19
requiring MV
n =251 It

non-PICS
25.5%

Cognitive impairment
61.4%

7.2%
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PICS
78.5%

12.5 (3.1) months after ICU discharge

Patients with COVID-19
requiring MV
n =209

T

non-PICS
19.6%

Cognitive impairment
68.4%

6.7% —

0y 0y
26T 25.9% AT 21.1%
rd
318 ::ﬁ:i&; after ICU discharge PICS hs aft disch: PICS
.. . 77.6% 24.5 (3.1) months after ICU discharge 82-00/0
Patients with COVID-19 Patients with COVID-19 }
requiring MV i requiring MV
n =192 T n=178 T4
- 0.5% o 23%

non-PICS
A

20.3%

A 05%

Cognitive impairment
68.8%

7.8% —

25.0%

5.2%

non-PICS
16.3%

0.6%

— 11.2%

Cognitive impairment
66.9%

24.7%

Fig. 2 The prevalence of post-intensive care syndrome after intensive care unit discharge in first, second, third, and fourth surveys. Distribution
of the prevalence of post-intensive care syndrome (PICS) across each survey among patients with coronavirus disease 2019 (COVID-19) who
required ventilatory management during admission. Outcome scores were stabilized using inverse probability of censoring weights that take
into account missing data. The included covariates were age, sex, BMI, the SOFA score, clinical frailty scale, comorbidities (hypertension,

diabetes mellitus, cardiac disease, chronic kidney disease, autoimmune disease, malignant tumors, chronic obstructive pulmonary disease,

and immunodeficiency), reintubation, ECMO, tracheostomy, continuous neuromuscular blocking agent, prone position, maximum prednisolone
equivalent daily dose, continuous renal replacement therapy, intermittent renal replacement therapy, rehabilitation, delirium, the duration

of mechanical ventilation, the length of ICU stay, the length of hospital stay, the presence of family members, and use of an ICU diary. The first
survey included 251 patients with a mean (standard deviation [SD]) time since ICU discharge of 5.5 (3.1) months, the second survey included 209
patients with a mean (SD) time since ICU discharge of 12.5 (3.1) months, the third survey included 192 patients with a mean (SD) time since ICU
discharge of 18.5 (3.1) months, and the fourth survey included 178 patients with a mean (SD) time since ICU discharge of 24.5 (3.1) months.
COVID-19, coronavirus disease 2019; ICU, intensive care unit; PICS, post-intensive care syndrome

disabilities were present at the same time in 55.4, 61.7,
60.9, and 60.1%, respectively. EQ-5D-5L values, indica-
tive of QOL, were slightly lower when multiple func-
tional impairments were present. The prevalence of PICS
in patients who responded to all four questionnaires is
shown in Supplemental Fig. 2, and the mean EQ-5D-5L
values by functional impairment are shown in Supple-
mental Fig. 3. An alluvial diagram showing changes in
physical function, cognitive function, mental health, and
QOL in patients classified as having a ventilation dura-
tion of less than 7 days, between 7 and 14 days, and more
than 14 days is shown in Fig. 3. This figure illustrates the
transitions in BI, SMQ, HADS, and EQ-5D-5L scores
across each survey among complete cases, excluding
patients with missing responses. Outcome scores were
stabilized using inverse probability of censored weight-
ing to account for missing data. The included covariates
were age, sex, BMI, SOFA score, clinical frailty scale,

comorbidities (hypertension, diabetes, cardiac disease,
chronic kidney disease, autoimmune disease, malignancy,
chronic obstructive pulmonary disease, and immunode-
ficiency), reintubation, ECMO, tracheostomy, prolonged
neuromuscular blockade, prone positioning, maximum
daily equivalent dose of prednisolone, continuous renal
replacement therapy, intermittent renal replacement
therapy, rehabilitation, delirium, duration of mechani-
cal ventilation, ICU stay, hospital stay, presence of fam-
ily, and use of an ICU diaries. Focusing on the red bands,
which indicate favorable outcomes, and the gray bands,
which represent unfavorable outcomes in the final assess-
ment for physical function and QOL, it is evident that
the frequency of upward and downward changes dimin-
ishes toward the later surveys. This suggests that many
patients exhibited consistent trends of either recovery
or deterioration. In contrast, for cognitive function and
mental health, the bands exhibiting variability remain
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Fig.3 An alluvial diagram of physical impairment, cognitive impairment, mental health, and quality of life. The Barthel index (BI), Short-Memory
Questionnaire (SMQ), Hospital Anxiety and Depression Scale (HADS)-anxiety, HADS-depression, and EuroQol 5 dimensions 5-level (EQ-5D-5L)

were used to assess physical function, cognitive function, mental health, and QOL, respectively. The alluvial diagram illustrates the transitions

in scores for each assessment, classified into three groups based on the duration of mechanical ventilation: less than 7 days, 7 to 14 days, and more
than 14 days, among patients who completed all four surveys (n=178). Outcome scores were stabilized using inverse probability weighting

to account for missing data. The included covariates were age, sex, BMI, SOFA score, clinical frailty scale, comorbidities (hypertension, diabetes,
cardiac disease, chronic kidney disease, autoimmune disease, malignancy, chronic obstructive pulmonary disease, and immunodeficiency),
reintubation, ECMO, tracheostomy, prolonged neuromuscular blockade, prone positioning, maximum daily equivalent dose of prednisolone,
continuous renal replacement therapy, intermittent renal replacement therapy, rehabilitation, delirium, duration of mechanical ventilation, ICU stay,
hospital stay, presence of family, and use of an ICU diaries. For each assessment, patients classified into the best category at the fourth survey are
represented by red bands, while those classified into the worst category are depicted by gray bands. The Barthel Index and EuroQol 5 Dimensions
5-Level (EQ-5D-5L) showed a prominent upward trend in red bands and a downward trend in black bands. These trends diminished in frequency
and thickness in the later stages of the survey, indicating that many patients exhibited consistent trends of recovery or deterioration. In contrast,
the Short-Memory Questionnaire and the Hospital Anxiety and Depression Scale revealed less discernible directional changes, with wider and more
frequent fluctuations in the bands as the surveys progressed. This suggests that many patients experienced variability in their assessments.
Furthermore, among patients requiring mechanical ventilation for more than 14 days, a higher proportion were classified in the gray (worst)
category across all assessments by the fourth survey. However, as indicated by the limited presence of fluctuating bands, fewer patients exhibited

variability in their scores

prominent even in the later stages, indicating that a con-
siderable proportion of patients experienced fluctuating
evaluations until the later surveys. Furthermore, among
patients requiring mechanical ventilation for more than
14 days, a higher proportion demonstrated unfavorable
outcomes across all assessments in the final evaluation.
However, fluctuating evaluations were less frequent in
this group.

Table 2 shows responses to the questionnaires in each
survey. Anxiety, dyspnea, and executive dysfunction were
the most common subjective symptoms. Weight loss
was the most common complaint in the first survey, but
markedly decreased over time. Physical-related symp-
toms generally improved over time, whereas cognitive

and psychiatric-related symptoms did not. Further-
more, there were no obvious changes in VAS. Detailed
results on BI showed that items related to self-care
generally improved, while movement and transferring
showed delayed recovery and excretion-related disor-
ders were less likely to improve. Supplemental Table 4
shows responses to the questionnaires in each survey by
patients who responded to all four questionnaires.

The results of a generalized estimating equations
analysis are shown in a forest plot (Fig. 4). Age (per
10-year increase) correlated with worse BI (-3.8; -5.2 to
-2.3), SMQ (-0.9; -1.7 to -0.01), and EQ-5D-5L (-0.04;
-0.06 to -0.03). Males showed significant improvements
in BI (5.5; 1.3 to 9.7) and EQ-5D-5L (0.06; 0.01 to 0.11).
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Fig.4 Analysis of generalized estimating equations The results of a generalized estimating equations analysis are shown in a forest plot. The results
were then denoted by the coefficient and 95% confidence interval. Age was calculated in increments of 10 years, the duration of mechanical
ventilation in increments of 7 days, and corticosteroid doses in increments of 50 mg/day. B/ Barthel index, CNMB continuous neuromuscular
blocking agent, ECMO extracorporeal membrane oxygenation, EQ-5D-5L EuroQol 5 dimensions 5-level, HADS Hospital Anxiety and Depression
Scale, MV mechanical ventilation; PICS post-intensive care syndrome, PP prone position, SMQ Short-Memory Questionnaire, SOFA sequential organ

failure assessment

Living with family showed significant improvements
in BI (7.9; 3.5 to 12.4), SMQ (3.4; 1.3 to 5.5), HADS
(-3.4; -5.8 to -1.1), and EQ-5D-5L (0.07; 0.02 to 0.12).
Delirium correlated with worse BI (-5.2; -10.2 to -0.2),
HADS (2.7; 0.4 to 5.0), and EQ-5D-5L (-0.06; -0.11 to
-0.01). Mechanical ventilation (per 7 days) correlated
with worse EQ-5D-5L (-0.04; -0.06 to -0.02). ECMO
showed significant improvements in SMQ (2.1; 0.2 to
3.9) and HADS (-3.3; -5.9 to -0.7). Patient backgrounds
with and without ECMO are shown in Supplemental
Table 5: patients in the ECMO group were significantly
younger, had better activities of daily living (ADL) prior
to admission, and were more severely ill. The results of
sensitivity analysis using a multiple imputation method
are shown in Supplemental Fig. 4. The results in the

multiple imputation were similar to those in the main
analysis.

Discussion

In a 2-year PICS study on patients requiring mechani-
cal ventilation, more than 70% of patients had PICS that
persisted for a long time. The trajectory of PICS varied,
with evaluations of cognitive function and mental health
tending to fluctuate even in the later surveys. Regarding
physical function, ADL decline requiring care generally
improved, whereas excretion-related disabilities did not.
Considering trajectories, age and delirium were factors
that exacerbated functional impairment, while male sex,
living with family, and receiving ECMO were associated
with functional and recovery.
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The strength of the present study on critical care is that
it investigated changes in PICS over a two-year period
for the first time based on simultaneous evaluations of
physical function, cognitive function, mental health, and
QOL. The results obtained revealed that many patients
had PICS for a long time, which reduced QOL, and also
that each PICS component had a different trajectory over
two years. The physical and cognitive functions and QOL
of critically ill patients change over time [5—8]. Therefore,
future PICS research needs to examine the prevalence
of PICS and risk factors at multiple time points and also
take PICS measures based on trajectories. Previous stud-
ies suggested the effectiveness of multiple follow-up sys-
tems in follow-up clinics and telemedicine that intervene
with PICS measures on multiple occasions as a post-dis-
charge PICS intervention [36, 37]; however, there are also
many different challenges [38—40]. Since different treat-
ments and care at different time points are required for
PICS, we need to be able to respond to patients flexibly
with PICS follow-up systems.

One of the unique features of the results of the pre-
sent study is that most critically ill patients on ECMO
achieved functional recovery when trajectories were
considered. Patients on ECMO were generally younger
and had better ADL before hospitalization, which clearly
introduces confounding factors. Therefore, we believe
that ECMO does not directly promote recovery from
PICS. However, while there are reports indicating that
ECMO is a significant risk factor for the development
of PICS [24, 26], our results suggested that the patients
on ECMO did not necessarily follow the worse PICS
courses. Actually, some studies on the long-term out-
comes of patients on ECMO have also reported improved
functional assessments in those who have survived for
extended periods [41, 42]. Such accumulating evidence
may strengthen the confidence of patients, relatives, and
ICU teams involved in the treatment of severe respira-
tory failure requiring ECMO support.

The incidence of delirium was lower in the pre-
sent study than in previous studies on COVID-19 [43,
44], which may be attributed to differences in invasive
mechanical ventilation rates and severe respiratory fail-
ure treatment approaches under the phases of a pan-
demic. The assessment of delirium was challenging in
COVID-19 patients due to deep sedation, the prone posi-
tion, and the use of neuromuscular blocking agents as a
lung protection strategy [45]. Consistent with previous
findings [25, 46—49], delirium was associated with worse
physical and mental outcomes and lower QOL over time
in our cohort, reaffirming the critical importance of
delirium prevention and management strategies. Simi-
larly, prolonged mechanical ventilation has been associ-
ated with decreased QOL [50], highlighting the potential
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importance of validated care bundles, such as the ABC-
DEF bundle, which have been shown to reduce the dura-
tion of mechanical ventilation [51]. Another important
result of this survey, which considered trajectories, is
that patients who lived with family members prior to
hospitalization had better functional outcomes and
QOL after discharge. Family visitation was associated
with a reduced risk of developing delirium [52], and it is
important from the perspective of preventing long-term
functional impairment during the ICU stay. In addition,
critically ill patients often require intensive rehabilitation
and home care services [53]; therefore, family support
may be critical to these efforts beyond their emotional
support. Family involvement and cooperation in treat-
ment, when available, were indispensable to the man-
agement of critically ill patients and patient-centered
medical care for long-term recovery [54].

The prevalence of PICS slightly increased at 24 months,
with a higher rate of cognitive impairment during the
2-year follow-up after ICU discharge. These results may
have been affected by the characteristics of COVID-19
infection in the study cohort. SARS-CoV-2 is known to
directly invade the nasal mucosa and lung tissue, caus-
ing a systemic inflammatory response and microvascu-
lar damage, leading to cerebral neuropathy and affecting
cognitive function [55, 56]. Furthermore, corticoster-
oid administration as an acute treatment for COVID-19
may have adverse effects on the central nervous system,
including cognitive impairment, sleep disturbance, and
delirium [57]. Various long-term sequelae, including neu-
rological disorders, difficulty concentrating, and fatigue,
are known as long-COVID or post-acute COVID-19 [58,
59].

The generalizability of the present study needs to be
carefully considered from the following two perspectives.
There are limitations due to the specificity of COVID-19
described above. However, ICU patients are an origi-
nally heterogenous population in whom underlying
diseases and severities vary widely. In this view, as this
study focused only to ventilated patients with respira-
tory failure, the obtained results might be interpretated
as the PICS with mechanically ventilated ICU patients.
The majority of patients are Japanese, therefore, the
results of the present study might have limited general-
izability. There are several other limitations that need to
be addressed. Difficulties were associated with assessing
cognitive function and mental health in the acute phase
because patients requiring ventilatory management were
included. Since patients with the ability to walk unas-
sisted were selected, their physical and cognitive func-
tions had stabilized to some extent before hospitalization.
However, some patients may have had organic mental
disorder characteristics or mild cognitive dysfunction
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prior to the onset of COVID-19. Furthermore, since the
present study only involved the assessment of outcomes
obtained using self-reported measures, it was not possi-
ble to assess them in person; however, the self-reported
measures used were validated [60]. Moreover, this study
was based on mailed questionnaires, and questionnaire
responses were allowed to be substituted by family mem-
bers if the patient was unable to respond directly, which
may have resulted in better or worse patient evalua-
tions by family members. In addition, the percentage
of family members who substituted was not surveyed.
Another limitation is that the severity and sequelae of
SARS-CoV-2 vary according to the variant form of the
virus; however, this study did not investigate the vari-
ant form. Furthermore, PICS studies conducted using
different assessment tools may not be comparable, and
minor physical impairment may have been missed using
BI. Additionally, although the weighting of questionnaire
results based on patient backgrounds was a strength of
the present study, patient selection bias was introduced
due to drop-outs who did not complete the question-
naire. Further research in which these limitations are
addressed is needed.

Conclusions

A 2-year PICS study on patients requiring mechanical
ventilation revealed that many patients had PICS that
persisted long after their discharge from the hospital.
The trajectory of PICS varied by function, and when tra-
jectories were considered, age, a prolonged mechanical
ventilation period, and delirium were identified as inde-
pendent factors affecting functional impairment and
QOL decline, while functional recovery was better in
patients with severe COVID-19 on ECMO and those liv-
ing with family. In critically ill patients with COVID-19,
addressing delirium and implementing family-centered
interventions may play a meaningful role in facilitating
recovery from PICS.
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