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Abstract

Background: There are few reports of new functional impairment following critical illness from COVID-19. We aimed
to describe the incidence of death or new disability, functional impairment and changes in health-related quality of
life of patients after COVID-19 critical illness at 6 months.

Methods: In a nationally representative, multicenter, prospective cohort study of COVID-19 critical illness, we deter-
mined the prevalence of death or new disability at 6 months, the primary outcome. We measured mortality, new
disability and return to work with changes in the World Health Organization Disability Assessment Schedule 2.0 12L
(WHODAS) and health status with the EQ5D-5L™.

Results: Of 274 eligible patients, 212 were enrolled from 30 hospitals. The median age was 61 (51-70) years, and

124 (58.5%) patients were male. At 6 months, 43/160 (26.9%) patients died and 42/108 (38.9%) responding survivors
reported new disability. Compared to pre-iliness, the WHODAS percentage score worsened (mean difference (MD),
10.40% [95% Cl 7.06-13.77]; p<0.001). Thirteen (11.4%) survivors had not returned to work due to poor health. There
was a decrease in the EQ-5D-5L™ utility score (MD, —0.19 [— 0.28 to —0.10]; p < 0.001). At 6 months, 82 of 115 (71.3%)
patients reported persistent symptoms. The independent predictors of death or new disability were higher severity of
illness and increased frailty.

Conclusions: At six months after COVID-19 critical illness, death and new disability was substantial. Over a third of
survivors had new disability, which was widespread across all areas of functioning.
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Background

The coronavirus disease 2019 (COVID-19) pandemic
has had a tremendous impact on global health [1]. The
disease spectrum of severe acute respiratory syndrome
coronavirus type 2 (SARS-CoV-2) infection is wide, rang-
ing from asymptomatic to critical illness [2, 3]. Because
COVID-19 is a new disease, the impact on long-term
outcomes in survivors is still emerging. Similar to other
post viral syndromes, there are reports of prolonged
effects after acute COVID-19 [3—8]. Survivors have con-
tributed to the recognition of a syndrome called “Long
COVID; characterized by persistent symptoms or long-
term complications, but there is no agreed clinical defi-
nition of Long COVID, nor a clear treatment pathway
[8-10].

The critically ill population is likely to be especially vul-
nerable to the prolonged effects of COVID-19, but it is
possible that the effects of COVID-19 are similar to other
illnesses. Survivors of critical illnesses have previously
reported long-term impairments in physical, cognitive
and/or psychological function, often known as post-
intensive care syndrome [11, 12]. Study of the sequelae in
survivors of COVID-19 critical illness is urgently needed.
This will allow clinicians to develop an evidence-based
multidisciplinary approach for management of these
patients, and to inform research priorities [13, 14]. While
there have been several reports about ongoing symptoms,
the impact of these on new disability remains unclear.
The aim of this study was to describe the incidence of a
poor outcome defined as death or new disability, changes
from baseline in functional outcomes and health-related
quality of life, work status, and persistent symptoms of
COVID-19 at 6 months from COVID-19 critical illness.

Methods
Study design
The COVID-Recovery study was a multicenter, registry-
embedded, prospective cohort study conducted at 30
ICUs in Australia (Additional file 1: Table S1). The study
was embedded in the Short Period Incidence Study of
Severe Acute Respiratory Infection (SPRINT-SARI) Aus-
tralia [15].

We had ethical approval at all participating sites,
including a waiver of consent for hospital data and an
opt-out consent for telephone follow-up at 6 months.

Setting

ICUs admitting patients with COVID-19 and enrolled
in SPRINT-SARI Australia were invited to partici-
pate. SPRINT-SARI Australia captured>95% of all ICU
COVID-19 admissions in Australia, and data were also
utilized by the Australian Government to produce official
fortnightly reports regarding ICU COVID-19 patients
[16] (Additional file 1: Fig. S1).

Patients
Patients were eligible if they were adults (> 18 years) with
a positive laboratory PCR for SARS-CoV-2 admitted to
an Australian ICU for>24 h. Patients were excluded if
they: (1) declined to participate; (2) were unable to com-
municate via a translation service or in English; (3) were
living overseas; or (4) were still in hospital at 6 months.
The overall population of the COVID-Recovery study
is defined as the ‘Hospital Cohort’, comprising all patients
who met the criteria above. The main population of inter-
est for this study is patients who died within 6 months
of ICU admission or those who were contacted by phone
at 6 months, together defined as the Follow-Up Cohort’.
‘Responders’ was defined as surviving patients with avail-
able functional outcomes at 6 months.

Data collection

Demographic, intervention and hospital outcome data
were obtained retrospectively from consecutive patients
enrolled in SPRINT-SARI Australia for all eligible
patients. We contacted patients prospectively who sur-
vived the hospital admission by mail and invited them to
participate in telephone interviews at 6 months after ICU
admission. Assessments were performed by telephone
with trained outcome assessors. We confirmed consent
at the start of the interview with patients. We assessed
baseline health and disability in the month before ICU
admission retrospectively at six months.

Data definitions

We determined frailty using the Clinical Frailty Scale
(CES) [17, 18] at the time of ICU admission, based on the
patient’s level of physical function in the month preced-
ing admission [19]. The highest level of mobility during
ICU stay was determined using the ICU mobility scale
[20]. ICU-acquired weakness was determined at ICU
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discharge using the Medical Research Council manual
muscle test sum-score (MRC MMT-SS) and defined as
MRC MMT-SS <48 [21].

The functional outcome measures recorded at 6
months are described in Additional file 1: Table S2. The
primary outcome was death or new disability in survi-
vors at 6 months. Most measurement tools were selected
as they are part of a recommended core outcome set for
survivors of acute respiratory failure [22]. The World
Health Organisation Disability Assessment Schedule
2.0-12L (WHODAYS) is reported as a percentage score,
with higher percentages representing greater disability
[23]. New disability was an increase in WHODAS at 6
months from baseline of 10% or more, and a poor out-
come was the combination of new disability or death at
6 months [24]. All components of EQ-5D-5L™, Hospital
Anxiety and Depression Scale (HADS), Impact of Events
Scale-6 (IES-6), Montreal Cognitive Assessment (MoCA-
BLIND), Instrumental Activities of Daily Living (IADL)
and work status were reported.

Statistical analysis

Continuous variables are reported as medians and inter-
quartile ranges (IQR) and categorical variables as number
and percentage. Comparison between groups was done
using Wilcoxon rank-sum or Kruskal-Wallis tests for
continuous variables and Fisher exact test for categorical
variables.

Comparison of baseline and 6-month categorical out-
comes was done using mixed-effect generalized lin-
ear models with binomial distribution and identity link
and reported as risk difference (RD). For continuous
outcomes, mixed-effect quantile models considering
a T=0.50 and an interior point algorithm were used
and reported as median difference (MD). For the five
WHODAS disability categories, a mixed-effect cumula-
tive logistic models were used and reported as common
odds ratio (COR). In all models, time was treated as fixed
effect, while patients were treated as random effects
to account for repeated measurements. All results are
reported with 95% confidence intervals (CI). Symptoms
at 6 months were compared between patients who devel-
oped new disability and those without new disability.

A mixed-effects multivariable logistic regression model
was used to identify factors independently associated
with death or new disability at 6 months, with results
reported as odds ratios (OR) and participating units
included as random effects. A list of candidate predic-
tors was determined a priori and included only variables
with a known or potential association with the outcome
[23, 25-27]. The multivariable model was constructed
using a least absolute shrinkage and selection operator
approach and confirmed using a backwards elimination
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technique before undergoing a final assessment for clini-
cal and biological plausibility. Multicollinearity in the
final model was assessed using variance-inflation factors.
The linearity assumption of continuous variables was
assessed through the Box-Tidwell transformation consid-
ering the full model, testing the log-odds and the predic-
tor variable. A two-sided p value<0.05 was considered.
Long-term outcomes were reported with specific denom-
inators, and patients with missing data were excluded.
Missing data in baseline covariates were present in less
than 3% of the cases. For the multivariable models, miss-
ing values in continuous variables were imputed by the
median, while missing values in categorical variables
were coded as a new category of ‘unknown’ All analyses
were performed using R software, version 4.0.2 (R Core
Team) [28].

Results

Patients

Between March 06, 2020, and October 04, 2020, 274
critically ill patients with COVID-19 were enrolled in
COVID-Recovery from 30 sites in six states of Aus-
tralia (Fig. 1). Sixty-two patients were excluded; thus,
212 patients were included in the study. Between enrol-
ment and 6-month follow-up, 52 (24.5%) patients were
unable or not willing to be contacted at 6 months, leaving

| 274 Eligible Patients enrolled in SPRINT-SARI

62 Exclusion:
28 Opted out
17 Language barrier
12 Living outside Australia
4 Remained in hospital
1 Unconfirmed COVID-19 infection

| 212 Total Hospital Cohort

| | 52 Not followed-up:
52 Unable to contact

160 Follow-up Cohort
43 Patients died within 6 months
42 In hospital
1 After hospital discharge

117 Patients were alive and were interviewed
115 D180 EQ-5D-5L
112 D180 WHODAS
94 IADL
89 HADS
87 IES-6
72 MoCA-BLIND
2 Incomplete responses

Fig. 1 Study flowchart. SPRINT-SARI = WHODAS = The World

Health Organization Disability Assessment Schedule 2.0 12 level;
HADS = Hospital Anxiety and Depression Scale; IES-6 =Impact

of Events Scale-6 questions; MoCA-Blind =Montreal Cognitive
Assessment Score-Blind; IADL = Instrumental activities of Daily Living
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Table 1 Baseline characteristics and clinical outcomes of the included patients

Page 4 of 12

Hospital cohort (n=212)

Follow-up cohort?
(n=160)

Age, years

<60

60-69

70-79

>80

Male gender—no. (%)
APACHE Il

Days between symptoms—hospital admission

Days between symptoms—ICU admission
Body mass index, kg/m?
Clinical frailty score

Years of education

Healthcare worker—no. (%)
Coexisting disorders—no. (%)
Diabetes

Obesity

Use of ACEi or ARB

Chronic cardiac failure
Smoker

Chronic pulmonary disease**
Asthma

Immunosuppression

Chronic kidney disease
Chronic hematological disease
Cancer

Symptoms—no. (%)

Fever

Cough

Shortness of breath

Fatigue

Myalgia

Diarrhea

Sore throat

Anosmia

Runny nose

Signs at baseline

Heart rate, bpm

Respiratory rate, breaths/min
Mean arterial pressure, mmHg
Temperature, °C

Sp0O,, %

Clinical outcomes

Hospital readmission—no. (%)
Duration of ventilation, days
ICU length of stay, days
Hospital length of stay, days
ICU mortality—no. (%)
Hospital mortality—no. (%)

Death or new disability at 6 months—no. (%)

61 (51— )

(4

4(25. 5)

48 (22.6)
1(5.2)

124 (58.5)

14 (10-19)

6.1(3.6-9.2)

8.1(53-11.0)

294 (25.0-357)

3(2-3)

14 (11-16)

24/205 (11.7)

67/206 (32.5)
60/200 (30.0)
38/198 (19.2)
35/202 (17.3)
25/197 (12.7)
16/201 (8.0)
28/202 (13
24/202 (11
14/203 (6.9)
9/202 (4.5)
12/203 (5.9)

9)
9)

159/204 (77.
143/204 (70
135/204 (66.
106/204 (52.
73/204 (35.8)
59/204 (28.9)
46/204 (22.5)
(10.8)
(10.8)

9)

1)
2)
0)

22/204
22/204

100 (85-110)
30 (24-38)

81 (70-96)
38.3(37.4-389)
92 (88-95)

12(5-19)

6.9 (3.2-17.1)
16.1 (9.6-26.7)
39(184)
42/211(19.9)

62 (55-71)
69 (43.1)
43(269)
39 (244)
9(5.6)

97 (60.6)
15(11-19)
64 (34-9.2)
8.1(54-11.0)
30.0 (25.5-35.8)
3(2-3)
14(11-16)
15/153(9.8)

56/154 (36.
48/151 (31
31/148 (2
29/152 (1

(364
318
(209
(
18/148 (1
(
m
(

1

)
)
)
)
2)
)

0.
9.
2.
14/153 (9.2
18/153 (11.8)
20/152(13.2)
12/153(7.8)

8/152(5.3)
11/153 (7.2)

119/152 (78.3)
108/152 (71.1)
101/152 (66.4)
81/152(533)
63/152 (41.4)
42/152 (27.6)
35/152(23.0)
16/152 (10.5)
17/152 (11.2)

99 (85-110)

30 (24-38)
81(70-97)
38.2(374-3838)
92 (88-95)

18/108 (16.7)
13(5-19)
83(3.6-19.0)
16.9(10.1-30.4)
39 (244)
42(26.2)
85/151(56.3)
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Data are median (quartile 25%-quartile 75%) or no (%). Percentages may not total 100 because of rounding

APACHE Acute Physiology and Chronic Health Evaluation, ACEi angiotensin-converting enzyme inhibitor, ARB angiotensin Il receptor blocker, ICU intensive care unit

?The follow-up cohort comprises patients who died within 6 months or who were contacted successfully at 6 months. However, data may be missing for some

outcomes depending on the willingness of the patient to answer all questions
" On a scale from 1 to 10 (1 would be the lowest level of financial distress)

" Not considering asthma

160 (75.5%) patients who were included (Fig. 1). The final
6-month follow-up was conducted on April 21, 2021.

Baseline characteristics of the hospital cohort at hospi-
tal admission are shown in Table 1. Overall, median age
was 61 (51-70) years, 124 (58.5%) patients were male, and
the median clinical frailty score was 3 (2—3). The most
prevalent coexisting disorder was diabetes (32.5%) fol-
lowed by obesity (30.0%). Most of the patients presented
at ICU admission with fever (77.9%), cough (70.1%) and
shortness of breath (66.2%). At 6 months, 43 of the 160
(26.9%) patients died (42 during the hospital stay and 1
after discharge) (Additional file 1: Fig. S2). Baseline char-
acteristics of the patients not assessed at 6 months are
shown in Additional file 1: Table S3.

During the hospital stay, among 212 patients, 188
(91.7%) of the patients were treated with antibiotics and
147 (71.7%) with steroids (Additional file 1: Table S4).
Overall, 120 (57.1%) patients received mechanical venti-
lation, 112 (55.2%) inotropes or vasopressors, 129 (61.6%)
were treated with high-flow nasal cannula, and 29 (14.3%)
with non-invasive ventilation. The median highest ICU
mobility scale achieved while in the ICU was 5 (3-8),
and the MRC MMT-SS at ICU discharge was 48 (34—60),
with ICU-acquired weakness present in 58 of 135 (42.3%)
patients. Treatment characteristics of the Follow-Up
Cohort’ followed the same pattern, and characteristics of
the patients not assessed at 6 months are shown in Addi-
tional file 1: Table S5.

Baseline function in the follow-up cohort

Among patients alive at 6 months and with baseline
function available, the median WHODAS score was
0% (0-4%), with 7/112 (6.2%) patients presenting with
moderate disability and no patients with severe disabil-
ity. The median EQ5D visual analogue scale (EQ-VAS)
was median 86 (75-95), and the EQ-5D-5L utility score
was 1.0 (0.8-1.0). Overall, 92/114 (80.7%) patients did
not report any problems with mobility, 109/113 (96.5%)
did not report any problems with personal care, 106/113
(93.8%) did not report any problem with usual activities,
81/113 (71.7%) did not report any problem with pain or
discomfort, and 90/113 (79.6%) did not report any prob-
lem with anxiety or depression (Table 2 and Fig. 2).

Functional outcomes at 6 months in the follow-up cohort
For the primary outcome, there was a total of 43/160
(26.9%) patients who died and 42/108 (38.9%) with new
disability. The WHODAS percentage score was signifi-
cantly higher at 6 months compared to baseline (MD,
10.40% [95% CI 7.06-13.77]; p<0.001). The severity of
disability (COR, 11.22 [95% CI 4.94-25.52]; p<0.001)
increased. 13/114 (11.4%) survivors were unable to
return to work due to poor health (Table 2 and Fig. 2).
Components of WHODAS score at 6 months are shown
in Additional file 1: Table S6. New disability according to
baseline disability is shown in Fig. 3. No single item of
the WHODAS accounted for new disability, with a wide
range of new disabilities across all items. Survivors with-
out baseline disability were more likely to have new dis-
ability in walking, day-to-day work and being emotionally
affected.

There was a decrease in the EQ-VAS (MD, —15.00
[95% CI —21.04 to —8.95]; p<0.001), in the EQ-5D-5L
utility score (MD, —0.19 [—0.28 to —0.10]; p<0.001),
and in the proportion of patients reporting no problems
in all domains (Table 2 and Fig. 2). New problems were
reported across all domains, but mostly with usual activi-
ties, pain and mobility in 48/111 (43.2%), 38/111 (34.2%)
and 38/112 (33.9%) of the patients, respectively. While
66/94 (70.2%) patients were fully independent as meas-
ured with the IADL, 18/89 (20.2%) presented with some
degree of anxiety and/or depression, 16/87 (18.4%) had
a positive screen for PTSD, and 24/72 (33.3%) had some
degree of cognitive dysfunction (Table 2). There was no
difference in the percentage of patients receiving treat-
ment for anxiety or depression from before the critical
illness (RD, 2.21 [95% CI —3.75 to 8.20]; p=0.467) or
in financial distress (MD, 0.00 [95% CI —1.07 to 1.07];
p=0.999).

Persistent symptoms at 6 months in the follow-up cohort

Among 115 surviving patients at 6 months, 82 (71.3%)
of the patients reported persistent symptoms, with 50
(43.5%) reporting three or more symptoms (Table 3). The
most frequent symptom was shortness of breath (34.8%),
followed by loss of strength (21.7%) and fatigue (19.1%).
Patients who developed new disability at 6 months also
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Table 2 Functional outcomes at baseline and 6 months

Baseline 6 months Absolute difference p value

(n=115) (n=115) (95% CI)
Treatment for anxiety or depression—no. (%) 13/108 (12.0) 16/109 (14.7) RD, 2.21 (—=3.75t0 8.20) 0467
Unemployed due to health reasons—no. (%) - 13/114 (11.4) - -
EQ-5D-5L
Utility score 1.0 (0.8-1.0) 0.8 (0.7-0.9) MD, —0.19 (= 0.28 to —0.10) <0.001
No problems with mobility 92/114 (80.7) 66/115 (57.3) RD, —23.92 (—32.96 to — 14.87) <0.001
New problems with mobility* - 38/112(33.9) - -
No problems with personal care 109/113 (96.5) 97/115 (84.3) RD, —12.00 (—18.52 to —5.50) <0.001
New problems with personal care* - 15/111(13.5) - -
No problems with usual activities 106/113 (93.8) 64/115 (55.7) RD, —38.11 (—47.79 to — 2845) <0.001
New problems with usual activities* - 48/111 (43.2) - -
No problems with pain/discomfort 81/113(71.7) 58/115 (50.4) RD, —21.06 (—31.08to — 11.06) <0.001
New problems with pain/discomfort* - 38/111(34.2) - -
No problems with anxiety/depression 90/113 (79.6) 69/115 (60.0) RD, —19.26 (—27.38to —11.16) <0.001
New problems with anxiety/depression® - 29/111 (26.1) - -
EuroQol-visual analogue scale 86.5 (75.0-95.0) 70.0 (60.0-85.0) MD, — 15.00 (— 21.04 to — 8.95) <0.001
Marital status - -
Never married - 19/113 (16.8)
Currently married - 65/113 (57.5)
Separated - 3/113(2.7)
Divorced - 8/113(7.1)
Widowed - 9/113(8.0)
Cohabiting - 9/113 (8.0)
Financial distress** 1(1-4) 1(1-5) MD, 0.00 (—1.07 to 1.07) 0.999
WHODAS score, % 0.0(0.0-4.2) 104 (2.1-22.9) MD, 10.40 (7.06-13.77) <0.001
Disability—no. (%) 7/112 (6.2) 25/112(22.3) RD, 16.01 (7.90-24.12) <0.001
New disability—no. (%) - 42/108 (38.9) - -
Category—no. (%)
No disability 89/112(79.5) 44/112 (39.3) COR, 11.22 (4.94-25.52) <0.001
Mild disability 16/112 (14.3) 43/112 (384)
Moderate disability 7/112 (6.2) 19/112(17.0)
Severe disability 0/112(0.0) 6/112 (5.4)
Complete disability 0/112 (0.0) 0/112 (0.0)
IADL - 8.0 (7.0-8.0) - -
Fully independent (IADL=8) - 66/94 (70.2) - -
HADS anxiety - 3.0(1.0-7.0) - -
Anxiety (HADS > 8) - 18/89(20.2) - -
HADS depression - 4.0(1.0-7.0) - -
Depression (HADS > 8) - 18/89 (20.2) - -
IES-6 total - 4.0 (1.0-9.0) - -
Mean score - 0.7 (0.2-1.5) - -
Post-traumatic stress disorder (IES-6 mean>1.75) - 16/87 (184) - -
MoCA-BLIND - 19.0 (17.0-20.0) - -
Cognitive dysfunction (MoCA-BLIND < 18) - 24/72 (33.3) - -

Data are median (quartile 25%-quartile 75%) or no (%). Percentages may not total 100 because of rounding

Cl confidence interval, COR common odds ratio where > 1.00 represents a higher chance of being in a worse category at 6 months compared to baseline, MD median

difference, RD risk difference

" New problems defined when the score of the specific component of EQ-5D-5L at 6 months was higher than at baseline

" On a scale from 1to 10 (1 would be the lowest level of financial distress)
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Fig. 2 WHODAS Score and EQ-5D-5L Scale. a Comparison of WHODAS score at baseline and 6 months (p value from a mixed-effect quantile
models considering a T =0.50, an interior point algorithm, and including patients as random effect). b Proportion of patients who have died
or who have developed no (WHODAS < 5%), mild (5% < WHODAS < 25%), moderate (25% <WHODAS < 50%) or severe (50% < WHODAS < 96%)
disability. P values for comparisons are shown in Table 2. ¢ Comparison of health status using the EQ-VAS at baseline and 6 months (p value from
a mixed-effect quantile models considering a T=0.50, an interior point algorithm, and including patients as random effect). d the domains of the
EQ5D-5L, including the proportion of patients who reported no problems with mobility, personal care, usual activities, pain/discomfort or anxiety/
depression. P values for comparisons are shown in Table 2

had more symptoms at 6 months, including a higher
prevalence of shortness of breath (61.9% vs. 21.2%;
p<0.001) and loss of strength (45.2% vs. 9.1%; p <0.001)
(Table 3). The most frequent combination of symptoms
was shortness of breath and fatigue followed by shortness
of breath, loss of strength and fatigue (Fig. 4). Compari-
sons of symptoms at hospital admission and 6 months
after COVID-19 are shown in Fig. 4.

In the period after hospital discharge to 6 months,
56/122 (46.7%) survivors did not seek further outpa-
tient multidisciplinary support. There were 40/122
(32.8%) who attended physical therapy, 9/122 (7.5%)
who accessed psychology and 4/122 (3.3%) who saw a
dietician.

Predictors of new disability or death

In the unadjusted analyses, higher age, higher APACHE
II score, higher clinical frailty score, presence of diabetes,
chronic cardiac failure or cancer, degree of respiratory
support, use of neuromuscular blocking agents and use
of prone positioning were associated with new disability
or death (Additional file 1: Table S7). After variable selec-
tion, in the multivariable model only higher APACHE
II (OR, 1.08 [95% CI 1.01-1.17]; p=0.032) and greater
clinical frailty at baseline (OR, 1.49 [95% CI 1.05-2.11];
p=0.025) were independently associated with new dis-
ability or death.
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Discussion

In this nationally representative cohort of critically ill
patients with COVID-19, at 6 months, 26.9% patients
died and 38.9% survivors reported new disability. In sur-
vivors, disability was widespread across all areas of func-
tioning. There was a significant decrease in health-related
quality of life, with over one third of the cohort report-
ing new problems in mobility, usual activities and pain. In
addition, one third of survivors had cognitive impairment
and one fifth of the cohort reported anxiety, depres-
sion and/or PTSD. More than one in ten survivors were
unemployed due to poor health. Higher severity of illness
and the clinical frailty score were independent predic-
tors of death or new disability. The majority of our cohort

(70%) had ongoing symptoms of COVID-19 at 6 months,
most commonly shortness of breath, weakness or fatigue.

While the long-term effects of critical illness are well-
recognized [23, 29, 30], the scope and scale of “Long
COVID” may be greater than previously described in
survivors of COVID-19. During the COVID-19 pan-
demic, the Australian government enacted several
healthcare policies that may have influenced the char-
acteristics and outcomes of this group of patients com-
pared with patients from other countries. Australia has
a liberal testing policy, and until November 2020, Aus-
tralia has conducted 9,670,186 COVID-19 tests, repre-
senting 377,527 tests per 1,000,000 population and with
a positive rate of 0.3% [16]. As a comparison, the entire
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Table 3 Symptoms at 6 months in the included patients

Responders® New disability
(n=115)

Yes No p value

(n=42) (n=66)
Any symptom—no. (%) 82 (71.3) 34(81.0) 46(69.7) 0.261
Number of symptoms— 0.001
no. (%)
1 23(20.0) 3(7.1)  20(303)
2 9(7.8) (7.1 6(9.1)
>3 50 (43.5) 28(66.7) 20(30.3)
Symptoms—no. (%)
Shortness of breath 40 (34.8) 26(61.9) 14(212) <0.001
Loss of strength 25(21.7) 19(452) 6(9.1) <0.001
Fatigue 22 (19.1) 11(262) 10(15.2) 0213
Persistent cough 16 (13.9) 10(23.8) 6(9.1) 0.051
Loss of taste 14(12.2) 9(214) 5(76) 0.044
Loss of smell 14(12.2) 9(214) 4(6.1) 0.030
Headache 12(104) 7(16.7) 3(4.5) 0.045
Persistent chest pain 8(7.0) 5019 230 0.107
Palpitations 8(7.0) 4(9.5) 4(6.1) 0.709
Myalgia/arthralgia 8(7.0) 3(7.1) 5(7.6) 0.999
Loss of sensation 7(6.1) 4(9.5) 3(4.5) 0427
Hair loss 6(5.2) 3(7.1) 3(4.5) 0.676
Weight loss 6(5.2) 3(7.1) 3(4.5) 0.676
Anxiety 5(4.3) 3(7.1) 2(3.0) 0375
Other 28 (24.3) 15(35.7) 12(18.2) 0.067

Data are no (%). Percentages may not total 100 because of rounding

?The follow-up cohort comprises patients who were contacted successfully at
6 months. However, data may be missing for some outcomes depending on the
willingness of the patient to answer all questions
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USA has a rate of 533,967 tests per 1,000,000 popula-
tion, with a positive rate of 6.9% [31]. The healthcare
system in Australia has not been overwhelmed due to
COVID-19, and the outcomes of our survivors repre-
sent a cohort provided with care from a critical care
system operating within capacity [15]. Despite this,
the present data are similar to other data of COVID-
19 patients in intensive care in terms of age, comorbid
conditions and ARDS severity [15, 32], and suggest that
COVID-19 survivorship was associated with substan-
tial new disability and reduced health-related quality of
life. Increased disability, both in the number of patients
and in the severity of functional limitations, are associ-
ated with increased caregiver burden, unemployment,
psychological problems, mortality and healthcare costs
[23, 29, 30]. Patients should be screened at hospital dis-
charge for new functional impairments. Outpatient fol-
low-up should be recommended early, within the first
few weeks of discharge. It should include medication
optimization and screening for physical, psychological
or cognitive problems, with referral for additional ser-
vices such as physical therapy or psychology as required
[11]. In the present study, new disability was present in
all areas of function, particularly emotionally (such as
anxiety, depression, PTSD) and walking.

We used the WHODAS, a validated outcome measure
for disability, grounded in the framework of the Interna-
tional Classification of Functioning (ICF) which has pre-
viously been used to described the critically ill population
with a defined minimum clinically important difference
[23, 24, 33, 34]. The baseline disability of this relatively
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young cohort was very low prior to COVID-19, and there
was a clinically significant increase in the level of disabil-
ity at 6 months.

Recently, the COMEBAC Investigators have reported
the 4-month outcomes of 478 hospitalized patients
with COVID-19 in a single center in France [27]. Of
this cohort, 142 had been critically ill and approxi-
mately 50% had been mechanically ventilated, simi-
lar to the present study. New onset dyspnea was one
of the most common symptoms, and lung CT scan in
survivors showed persistent abnormalities in 75% who
had received invasive ventilation. Similarly, in a recent
single-center cohort study in China, nearly one third
of the 122 critically ill patients with COVID-19 had a
mean 6-min walking distance less than the lower limit
of the normal range at 6 months after hospitalization
[35]. In addition, 56% had diffusion impairment on pul-
monary function tests. The results of both these stud-
ies are aligned with the high prevalence of shortness
of breath in survivors of our cohort. Pulmonary reha-
bilitation in patients with ongoing shortness of breath
may improve outcomes and reduce symptoms [36].
Further, pulmonary rehabilitation may be delivered by
telehealth [37-39], improving the access to care during
a pandemic.

The strengths of this study include its prospective,
multicenter design with collection of detailed clini-
cal and physiologic parameters. We included baseline
measures of frailty, health-related quality of life, dis-
ability and comorbidities to distinguish new disability
and new problems. The outcome measures include vali-
dated, reliable measures of function, most of which are
in a core outcome set for survivors of acute respiratory
failure [22].

We acknowledge limitations to our study. A propor-
tion of eligible patients were not available for follow-up
assessment, mainly due to loss to follow-up. This was
higher than similar studies of disability at 6 months
from our group, and we speculate that it may be due to
stigma or psychological distress associated with a posi-
tive diagnosis of COVID-19 which should be investi-
gated further in future studies. We contacted primary
practitioners and reviewed national online resources
for death notices to ensure they were not deceased.
The responders had similar baseline characteristics and
interventions to the non-responders, and it is likely a
good representation of the overall cohort. Baseline dis-
ability and health-related quality of life were measured
retrospectively in survivors, which may introduce recall
bias. There was no control group, and the outcomes of
survivors of COVID-19 critical illness from this study
may be similar to disability reported after critical ill-
ness from other cohorts [23, 25]. We did not conduct
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in-person assessments or radiological tests as part of
the follow-up which would improve the understanding
of sequelae of COVID-19.

Conclusion

In this national cohort of patients with COVID-19 criti-
cal illness, death and new disability was common. Over
a third of survivors had new disability, which was wide-
spread across all areas of functioning. In survivors who
reported new disability, most reported three or more
ongoing symptoms at 6 months. These observations sug-
gest that the burden of new disability after COVID-19
represents an urgent public health problem.
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