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ABSTRACT

Background: Post intensive care syndrome is defined as the presence of any impairment affecting the physi-
cal, psychiatric, or cognitive domains as a result of critical illnesses.
Objectives: To explore functional, cognitive and psychological outcomes at 30 days post hospital discharge
among survivors of COVID-19-associated acute respiratory distress syndrome, who required mechanical
ventilation.
Methods: Prospective cohort study. We included adult patients with COVID-19-associated acute respiratory
distress syndrome, invasively ventilated in two ICUs in Buenos Aires. We measured functional, cognitive and
psychological impairments with Barthel index, Montreal Cognitive Assessment test, Patient Health Question-
naire-9 and General Anxiety Disorder-7. Primary outcome was post-intensive care syndrome. Secondary out-
come was mortality at 60 days.
Results: We admitted 40 patients, median age was 69 (60—75) and mostly male (75%). Mortality at 60 days
was 37%. Cox regression analysis identified diabetes and Apache II as independent predictors of mortality.
Out of 22 patients studied, 14 (64%) developed PICS after discharge. With a physical, cognitive and psycholog-
ical impairment in 64%, 41% and 32% of patients, respectively. Obesity, days of mechanical ventilation, Apache
II, vasopressors use, delirium duration and cumulative midazolam dose were associated with functional
dependence.
Conclusions: We identified a high prevalence of functional, cognitive and mental impairment at 30 days after
hospital discharge in COVID-19-associated acute respiratory distress syndrome survivors, invasively venti-
lated. The physical domain was the most frequently affected. These findings suggest the need for long-term
follow-up of this population.

© 2023 Elsevier Inc. All rights reserved.

Introduction

Coronavirus disease 2019 (COVID-19) caused by SARS-Cov-2
(Severe Acute Respiratory Syndrome Coronavirus-2) spread rapidly

Abbreviation: APACHE II, Acute Physiology and Chronic Health disease Classification
System II; ARDS, Acute Respiratory Distress Syndrome; ADL, Activities of Daily Life;
BMI, Body Mass Index; CAM-ICU, Confusion Assessment Method in Intensive Care;
GAD-7, General Anxiety Disorder-7; CI, Confidence Interval; HR, Hazard Ratio; IQR,
Interquartile range; MoCA, Montreal Cognitive Assessment; PHQ-9, Patient Health
Questionnaire-9; RASS, Richmond Agitation-Sedation Scale; PICS, Post Intensive Care
Syndrome; SOFA, Sepsis related Organ Failure Assessment; ICU, Intensive Care Unit;
ICU LOS, Intensive Care Unit lengths of stay; MV, Mechanical ventilation
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globally, the World Health Organization declared the pandemic on
March 11, 2020." Between 5 and 10% of patients may present with
pneumonia along with Acute Respiratory Distress Syndrome (ARDS)
and multiple organ failure requiring admission to the Intensive Care
Unit (ICU) .2

Survivors of prolonged stay in the ICU may experience mid and
long term impairment that impact their quality of life.> Post intensive
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care syndrome (PICS) is defined as the presence of any impairment
affecting the physical, psychiatric, or cognitive domains as a result of
critical illnesses.* Some studies have shown that this syndrome
affects between 20 and 80% of ICU survivors. A prospective study that
included 821 patients with ARDS or shock found that 40% of survivors
had cognitive outcomes comparable to moderate head trauma and
26% had a pattern similar to Alzheimer’s disease.” Cognitive
impairment is present in more than a third of patients receiving
mechanical ventilation. In this study, delirium duration was indepen-
dently associated with occurrence of PICS and with worse global cog-
nitive results at 3 and 12 months. This cognitive, functional and
psychological impairment that affects patients who survive in ICU,
and particularly those who require mechanical ventilation, is accom-
panied by a very large medical, social and economic impact.®

Recently, studies conducted in high-income countries have shown
a high burden of physical, cognitive, and mental impairment in ICU
survivors after COVID-19.”® However, there is little information on
PICS in middle-income countries such as Argentina. Our main objec-
tives were: 1) To explore functional, cognitive, and psychological out-
comes at 30 days post hospital discharge of survivors of COVID-
19-associated ARDS requiring invasive mechanical ventilation dur-
ing the third wave of COVID-19 pandemic. 2) To investigate mortality
at 60 days in patients who required invasive mechanical ventilation
for ARDS caused by COVID-19.

Methods
Design and participants

We conducted our prospective cohort study in the ICUs of Juan A.
Fernandez Hospital and Trinidad Ramos Mejia Medical Center, in
Buenos Aires Metropolitan Area (AMBA) in Argentina, during the
third wave of COVID-19 pandemic: between December 2021 and
September 2022.

The inclusion criteria were: age over 18, diagnosis of ARDS sec-
ondary to COVID-19 infection confirmed by reverse transcription
polymerase reaction (RT-PCR) and requirement of invasively
mechanical ventilation for more than 72 h. Patients with an order to
limit therapeutic effort stated by themselves in advance or by the
treating medical team with the consent of the patient’s family were
excluded from the study. This information was collected from medi-
cal records.

Survivors with cognitive or functional impairment before admis-
sion were excluded from the PICS evaluation. A member of the
research team through direct interview whit a family member or the
patients’ GPs assessed the cognitive and functional state prior to hos-
pitalization. The Barthel index was the instrument used to assess the
pre-existing functional dependence (Defined with Barthel< 100) of
the participants.

The patients were followed up from the day of intubation and
beginning of mechanical ventilation until day 30 after discharge.

The ethics Committee of Hospital Fernandez and the Bioethics
Commission of La Matanza (COMUBI) approved the Study. All partici-
pants or their legal representatives signed the informed consent.

Data collection

We collected the data from the participants according to the study
protocol and good research practice guidelines, between December
2021 and September 2022, using standardized forms for initial evalu-
ation and during ICU stay, and for follow-up at 30 days. A member of
the research team collected the data prospectively from medical
records and personal interviews with a family member or the partici-
pant using previously validated instruments.

Upon admission, the following data were drawn from the
patients’ medical records: clinical and demographic variables;

comorbidities, Charlson comorbidity score and doses of vaccines
received; laboratory parameters, disease severity using the Acute
Physiology And Chronic Health Evaluation (Apache II) score, organ
failure using the Sepsis related Organ Failure Assessment (SOFA)
score, and ARDS classification according to the definition of Berlin.’

During the ICU stay the following data were recorded: daily doses
of sedatives, analgesics and neuromuscular blockers; vasopressors
use, systemic corticosteroids, prone position, hemodialysis and tra-
cheostomy requirements.

A researcher (HE, CA, DM, EH) assessed the occurrence of delirium
daily using the Confusion Assessment Method on the Intensive Care
(CAM-ICU) scale; a positive CAM-ICU during hospitalization was con-
sidered delirium. Sedation levels were also recorded daily and we
defined deep sedation or coma on a Richmond Agitation-Sedation Scale
(RASS) of —4 or —5. Cognitive function was assessed with the Montreal
Cognitive Assessment (MoCA) Test at the time of discharge from ICU.'°

In addition, the following events were recorded in the ICU: noso-
comial infections, thromboembolic disease, and neurological compli-
cations including stroke, seizures, and hypoxic encephalopathy. The
number of days on mechanical ventilation, ICU and hospital length of
stay were also recorded.

At 30 days post hospital discharge, a neurologist (CZ, CC, LT, or JP)
in person assessed the patients’ cognitive, physical, and mental func-
tions through 4 questionnaires. Instruments previously validated for
use in Argentina and recommended by the Monitoring and Rehabili-
tation Committee of the Argentine Society of Intensive Care (SATI)
were used.'

Outcome measurements and definitions

The primary outcome was the appearance of PICS 30 days after
hospital discharge, defined as deterioration in at least one domain:
physical, cognitive, or psychological. And the co-occurrence of PICS
problems, which was defined as a simultaneous impairment in two
or more domains.

A neurologist personally interviewed the participants using 4
valid instruments for questionnaires. Physical function was assessed
using the Barthel index, used to measure the person’s ability to per-
form ten basic activities of daily living (ADL), obtaining a quantitative
estimate of the degree of dependency of the subject with a score
from O to 100; a score of 100 points indicates total independence in
ADL.'? The Patient Health Questionnaire-9 (PHQ-9) was used to
assess depression,'> characterized by a score equal to or greater than
10. Anxiety was assessed using the General Anxiety Disorder-7
(GAD-7) whose diagnosis was defined by scores equal to or greater
than 10.'* The alteration of the psychic domain was defined accord-
ing to the presence of depression or anxiety. The MoCA test was used
to assess cognitive function, where a score < 26 was considered cog-
nitive impairment. All MoCA results were adjusted according to the
educational level of the participants. Following the version validated
in Argentina,'® one point is added if the subjects meet the following
criteria: having completed 12 years or less of formal education in
case the MoCA score was less than 30 (Supplementary Material).

Mortality was analyzed at 60 days after starting mechanical venti-
lation. The data were collected by a member of the research team
(CA, DM, VS, EH) by telephone call to the patients or their relatives.

Statistical analyses

Continuous variables were presented as median and interquartile
range (IQR), categorical variables as absolute and relative frequencies.
Wilcoxon Rank Sum test was used to compare continuous variables
and the Fisher test for categorical variables. The linear correlation
between continuous variables was evaluated with Spearman’s non-
parametric test. We used the Wilcoxon Signed-Rank sum Test to
compare non-independent continuous variables.



74 E. Martinez et al. / Heart & Lung 62 (2023) 72—80

Mortality at 60 days was assessed using survival analysis. Kaplan-
Meier curves were plotted to compare the probability of survival. The
differences between groups were analyzed with log-rank test.

Cox regression was used to analyze independent predictors of
mortality. Variables associated with mortality in the bivariate analy-
sis with a p value <0.20, were evaluated in a multivariable model.
For the final selection of variables, we considered clinical and statisti-
cal relevance, and at least 10 events per predictor variable in the
model. Harrell’s C index was calculated to determine the discrimina-
tion capacity of the model. The assumption of proportional risks was
tested by visual inspection of smoothed Hazard and with Schoenfeld
statistical test.

All statistical tests were two-tailed with a level of statistical signif-
icance of p<0.05.

For the analysis we used the statistical package Stata Version 14.0.

Results

Between 1/12/2021 and 30/09/2022, 52 patients with COVID-19
who required invasive mechanical ventilation were admitted to the
ICU; Seven patients who did not present with ARDS or pneumonia
associated with COVID-19, 4 patients who died within the first 48 h
after admission to the ICU and had orders for limitation of therapeu-
tic efforts, and 1 patient who did not give his consent to participate
in the study were excluded (Fig.1).

Finally, 40 patients were included; the median age was 69 years
(IQR: 60—-75) 30 (75%) of them were men. The most frequent comor-
bidities were obesity 25 (62.5%), diabetes 14 (35%), and arterial
hypertension 21 (52.5%); and 30 patients (75%) had received at least
one dose of the COVID-19 vaccine.

The median Apache II score was 19 (IQR: 16—27) and the baseline
SOFA score was 8 (IQR: 6-9).

During the ICU stay, 38 patients (95%) were on vasopressors and
24 (60%) were treated in prone position. Table 1 describes the clinical
and demographic characteristics of the patients and the differences
between survivors and non-survivors.

In-hospital and 60-days mortality was 37% (15/40 patients). Cox
regression identified diabetes (adjusted hazard ratio (HR): 3.31 (95%
Cl: 1.16-9.32)) and Apache II (adjusted HR: 1.13 (95% CI: 1.04—-1.22))
as independent predictors of mortality (Table S1 in supplementary
material). The model presented good discrimination with a Harrell’s
C index: 0.83. Fig.2 shows survival curve for patients with and with-
out diabetes.

Twenty-five patients survived, three were excluded due to prior
cognitive or functional impairments. A total of 22 patients completed
surveys to identify PICS. Survivors’ median age was 68 years (IQR:
58-71); were predominantly male (68%) and obese (59%). ICU and
hospital lengths of stay (LOS) were 43 days (IQR: 21-56) and 60 days
(IQR: 43-63), respectively. Median duration of invasive mechanical
ventilation was 37 days (IQR: 12-46), delirium occurred in 17
patients (77%), 18 (82%) received neuromuscular blockers, 15 (68%)
required tracheostomy, and 10 patients (45%) were referred to a
rehabilitation center.

At the time of discharge from the ICU, 13 patients (59%) had cog-
nitive impairment. The median MoCA was 23.5 (IQR: 14-27).

There were no losses to follow up. The time between ICU dis-
charge and PICS assessment was 59 days (IQR: 50—66).

Functional outcome: 14 patients (64%) had functional dependence
on ADL (Barthel index <100 points), the median Barthel index was
60 (IQR: 20-100). 2 patients presented with moderate dependency
(Barthel between 90 and 61), 5 severe dependence (Barthel between
60 and 21) and 7 presented with total dependence (Barthel < 20).

In the bivariate analysis, patients with functional dependence
were more obese (85% vs 25%, p: 0.009) had more days on mechanical
ventilation (41 days (IQR: 35-54) vs 18 days (IQR: 7—34), p: 0.0045),
a higher Apache II score (19 (IQR: 17—-24) vs 14 (IQR: 13-17), p:

0.03), a higher cumulative dose of midazolam (89 mg/kg (IQR:
51-129) vs 31 mg/kg (IQR: 18—53), p: 0.020), more days on vaso-
pressor (12 days (IQR: 9—15) vs 1.5 days (IQR: 0-5), p: 0.0018), a lon-
ger delirium duration (11 days (IQR: 4—19) vs 2 days (IQR: 0—4.5), p:
0.016) and ICU length of stay (LOS) (52 days (IQR: 40—63) vs 29 days
(IQR: 12—43), p: 0.037) (Table 2).

Compared with non-obese patients, the obese had a longer hospital
LOS (61 days (IQR: 56—64) vs (46 (IQR: 14—60), p: 0.05), more days on
mechanical ventilation (39 days (IQR: 17—61) vs 30 days (IQR: 7—-38),
p. 0.10) and UCI-LOS (52 days (IQR: 25—58) vs 41 days (IQR: 12-43),
p. 0.080), they were on benzodiazepines (19 days (IQR: 6-26) vs
6.5 days (IQR: 3—12), p. 0.036) and on NMB (11.5 days (IQR: 4—20) vs
2.5 days (IQR: 0—4), p: 0.006); and a higher cumulative doses of NMB
(51 mg/kg (IQR: 18—87) vs 14.2 mg/kg (IQR: 0—34), p: 0.031). There
were no differences in age, sex, Apache II, and SOFA scores.

In a secondary analysis, the Barthel index had a negative and sig-
nificant correlation with Apache II (rho: —0.54, p: 0.0081), days of
corticosteroid use (rho: —0.62, p: 0.0018), cumulative dose of mida-
zolam (rho: —0.56, p: 0.0057), cumulative dose of NMB (rho: —0.45,
p: 0.032), days of vasopressor support (rho: —0.76, p: 0.0000), days of
invasive mechanical ventilation (rho: —0.63, p: 0.0014), UCI LOS (rho:
—0.48, p: 0.02) and coma duration (rho: —0.55, p: 0.0075); and a posi-
tive correlation with coma and delirium free days at 28 days (rho:
0.65, p: 0.0009).

Cognitive outcome: 9 patients (41%) had cognitive function
impairment, the median MoCA was 26 (IQR: 20-28). The most fre-
quently affected cognitive ability was delayed recall with a score of
3.5(2-4.5) in a scale of 0-5. Patients with cognitive impairment had
a higher Apache II (21 (IQR: 19-25) vs 16 (IQR:13-19), p: 0.0032),
baseline SOFA (8 (IQR: 8—9) vs 6 (IQR : 4-8), p: 0.026) and cumula-
tive doses of midazolam (93 mg/kg (IQR: 87—129) vs 39 mg/kg (IQR:
21-62), p: 0.02); they were also on invasive mechanical ventilation
much longer (46 days (IQR: 40-54) vs 30 days (IQR: 7-37), p:
0.0082) and ICU LOS (56 days (IQR: 48—63) vs 41 days (IQR: 16—44,
p: 0.03) (Table 3).

MoCA score negatively correlated with Apache II (rho: —0.59, p:
0.0037), and baseline SOFA (rho: —0.49, p: 0.019) and positively cor-
related with delirium free days at 28 days (rho: —0.46, p: 0.03).

There was a significant improvement in the MoCA score at 30 days
after hospital discharge compared to the MoCA score at ICU dis-
charge, 23.5 points (IQR: 16—27) vs 26 points (IQR: 20—28, p: 0.01).

Psychological outcome: 7 patients (32%) had impairment in the
psychic domain with anxiety or depression. 4 patients had mild
depression (PHQ-9 > 4) and 7 moderate to severe depression (PHQ-
9 > 10 points). The median of PHQ-9 was 5 (IQR: 3—12). The median
of GAD-7 was 3 (IQR: 2—7). 2 patients had mild anxiety (GAD-7 > 4)
and 3 had moderate anxiety (GAD-7 > 10).

Occurrence of PICS

At 30 days after hospital discharge, 14 patients (64%) had PICS. Of
these patients, 4 had a single domain affected, 5 with two domains,
and 5 all three domains compromised. The co-occurrence of PICS
(compromising 2 or more domains) was 45% (Fig.3).

All patients with PICS had functional dependence on ADLs due to
compromise of the physical domain. At 30 days after hospital dis-
charge, 10 patients continued their care at a rehabilitation center; of
these, only 4 continued with the tracheostomy cannula, no patient
required mechanical ventilation, and only one presented with oxygen
therapy requirements. Survivors admitted to rehabilitation center
had a higher Apache II score (20 (IQR: 18—24) vs 16 (IQR: 13—-19), p:
0.028) and were longer on mechanical ventilation (41 days (IQR:
38-54) vs 30.5 days (IQR. 7—37), p: 0.031) compared to patients who
were discharged from hospital at home. And at 30 days after dis-
charge, they had a higher prevalence of PICS (100% vs 33%, p: 0.002)
(See Table 4).
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A2 patients with COWVID-18 requiring invasive mechanical wventilation were
admitted to the ICU

T patients without ARDS or pneumonia assaciated
with COVID-19

L

45 patients with ARDSE associated with COWID-18 on mechanical wentilation

4 patients with limitation of therapsutic effort orders and
1 patient did not sign consant

L 3

40 patients with ARDS associated with COWID-19 begin follow-up

15 deceased patients

L d

25 survived ICU admission

.| 2 patients were not included dus to previous cognitive
or functional impairment.

4

evaluated 30 days after hospital discharge

22 =urvivors without prior cognitive and functional impairmant were

Fig. 1. Flowchart diagram of patients’ selection and exclusion.

The results of the questionnaires used to assess PICS domains are
described in Table 5.

Discussion

In this prospective study, we investigated functional, cognitive,
and psychological outcomes in 22 survivors of COVID-19—associated
ARDS requiring mechanical ventilation. We found that 64% had some
degree of functional dependence in basic activities of daily life, 41%

had a new cognitive deterioration and 32% psychological alterations
demonstrated by anxiety or depression. PICS prevalence was 64%.
Most patients had co-occurrence of PICS problems with impairment
in two or more domains simultaneously.

An important finding of this study was that more than half of
ARDS survivors due to COVID-19 had severe or total functional
dependence 30 days after hospital discharge. We observed that the
ability to move, walk and climb stairs was the most frequently
impairment.
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Table 1
Clinical and demographic characteristics of the patients.
All patients Survivors Non-Survivors p-value
(n=40) (n=25) (n=15)

Age (years) 69 (60—75) 68 (59-74) 70 (67-75) 0.25
> 65 years, n (%) 27 (67.5) 15 (60) 12(80) 0.31
Male, n (%) 30(75) 17 (68) 13 (86.6) 0.27
BMI (kg/m2) 31(27-36) 32.6 (27-38) 30.7 (25-34) 0.12
Obesity (BMI > 30 kg/m2) 25(62.5) 17 (68) 8(53) 0.50
Comorbidities, n (%)
Smoking 20 (50) 12(61.5) 6(28.5) 0.096
Diabetes mellitus 14(35) 5(20) 9(60) 0.017
Arterial hypertension 21(52.5) 11 (44) 9(66.6) 0.20
Respiratory disease 5(12.5) 5(20) 0(0) 0.14
Heart disease 9(22.5) 4(16) 5(33.3) 0.24
Inmunosuppressed 7(17.5) 4(16) 3(20) 1
Chronic Renal disease 1(2.5) 0(0) 1(6.6) 0.37
Charlson Comorbidity Score 3.5 (2-5) 3(2-5) 5(3-6) 0.019
Vaccinated, n (%) 30(75) 20(80) 10 (66.6) 0.45
Ferritin (ng/mL) 1202 (652-1944) 1202 (601-2039) 1238 (698-1743)  0.93
D-dimer (mg/L) 2,13 (0.86—4.49) 1.91(0.88—-4.4) 3.3(0.5-4.17) 0.75
pHonday 1 7.34(7.22-7.41) 7.35(7.23-7.41) 7.34(7.20—7.40) 0.67
Apache Il 19(16-27) 18(16-21) 29 (18-32) 0.0049
SOFA at admision 8(6-9) 7(6-8) 8(7-10) 0.096
VAP, n (%) 22 (55) 15 (60) 7 (46.6) 0.51
Vasopressors use, n (%) 38(95) 23(92) 15(100) 0.38
Prone position, n (%) 24(60) 12 (48) 12 (80) 0.056
Tracheostomy, n (%) 22 (55) 17 (68) 5(33) 0.05

Data are shown as numbers (%), median [IQR]. Abbreviations: BMI: body mass index, VAP: ventilator-associ-
ated pneumonia, SOFA: sequential organ failure assessment.

Our findings are consistent with previously published studies in
that the physical domain was the most frequently affected.

Recently, a prospective study conducted in two ICUs in France
evaluated 41 survivors of COVID-19—associated ARDS requiring intu-
bation, found that between 3 and 6 months 61% had poor functional
outcomes, 52% cognitive impairment and 26% anxiety or depression.”
Previously, several prospective studies found a high prevalence
of functional impairment in survivors of critical COVID-19
survivors.®®!7 Instead, Rosseau et al. in a prospective study in 33
patients with COVID-19 in Belgium, observed that the cognitive
domain was the most frequently affected (47%) 3 months after ICU
discharge; and only 31% presented with functional dependence.'®
Patients in this cohort were younger, had less severity of illness on
admission, and fewer days on mechanical ventilation and ICU stay
than our patients.

In our study, we found that severity of the disease on admission,
duration of mechanical ventilation and ICU LOS were the main varia-
bles associated with functional dependence after hospital discharge.

Kaplan-Meier survival estimates

=
=
Non-diabetic patients
uw —‘—|—
-~ 4
o
Diabetic patients
3
) L
&
= | Hazard ratio: 3.31 (1.16-9.42) Logrank test: p= 0.03
o
o
= T T T T
0 : 60
analysis time
diabetes = 0 diabetes = 1

Fig. 2. Kaplan-Meier survival curves for diabetic and non-diabetic patients.

These findings are in line with other studies conducted in patients
with ARDS of different etiologies, demonstrating that the risk factors
that may contribute to PICS development after critical illness due to
COVID-19 are likely to be not different from PICS development from
other etiologies.”'®'%?° However, the obesity impact on the func-
tional dependence at medium or long term has not been sufficiently
studied. Numerous studies indicate that obesity is associated with
increased disease severity and mortality in patients with COVID-19
while others conducted in patients with non-COVID-19 associated
ARDS showed a "paradoxical or protective effect” of obesity on
mortality.>*? In our study, obese patients did not have higher mor-
tality than the non-obese. However, obese survivors developed phys-
ical impairment more frequently. This finding can be accounted for
by the fact that unlike non-obese patients, the obese that survived
had a longer hospital stay, mechanical ventilator assistance and con-
sequently higher cumulative doses of benzodiazepines and neuro-
muscular blocking drugs.

Several studies, prior to the COVID-19 pandemic, identified delir-
ium and its duration as the main independent risk factor for long-
term cognitive impairment in critically ill patients.>>** Recently, a
multicenter study in COVID-19 patients reported a high prevalence
(55%) of delirium in the ICU.?" In our study, delirium occurrence was
77%, and patients with cognitive impairment on discharge went
through a longer period of delirium in the ICU compared with
patients without cognitive impairment. However, this difference was
not statistically significant probably due to the study lack of power.
We found that cognitive impairment was associated with severity of
illness on admission (Apache II and SOFA baseline), cumulative dose
of midazolam, and duration of mechanical ventilation and ICU stay.
Furthermore, we observed that the MoCA score strongly negatively
correlated with the Apache II score. Recently, in a prospective study
of 22 patients conducted in Ireland, Apache II strongly correlated
with the MoCA at 6 months.?® In a linear regression analysis, the
authors observed that for each point that Apache II increases, the
MoCA score decreases by 1.6 points (Coefficient B: —1.6, p: 0.04).

In line with previous studies in patients with COVID-19, we found
that delayed recall was the most frequently affected cognitive
ability.”
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Table 2
Clinical and demographic characteristics of patients with and without functional dependence.
All patients Funcional dependence  Funcional p-value
(n=22) (n=14) independence
(n=8)
Age (years) 68 (58-71) 68 (63-70) 54.5 (44-69) 0.16
> 65 years, n (%) 12(54) 9(64.3) 3(37.5) 0.37
Male, n (%) 15 (68) 9(64.3) 6(75) 0.49
BMI (kg/m2) 32(27-38) 33(30-39) 27(23-31) 0.051
Comorbidities, n (%)
Obesity 14 (59) 12 (85.7) 2(25) 0.008
Smoking 13 (68) 10(71) 3(37.5) 0.11
Diabetes 4(18) 1(7.1) 3(37.5) 0.22
Hypertension 9(41) 5(35) 4(50) 0.66
Charlson score 3(1-4) 3(2-4) 1.5(0.5-4) 0.36
Vaccinated n (%) 18(81) 11(78.5) 7(87.5) 0.53
Ferritin (ng/L) 1406 (633-1988) 1217 (596-1812) 1406 (1000—2090) 0.85
Apache Il 18.5(14-21) 19.5(17-24) 14.5(13-17) 0.03
SOFA on admission 8(6-8) 8(7-8) 7(5-8) 047
Severe ARDS, n (%) 6(27) 6(42.8) 0(0) 0.051
VAP, n (%) 14 (63.6) 10(71.4) 4(50) 0.38
Duration of MV (days) 37 (12-46) 41(35-54) 18 (7-34) 0.0045
Prone position, n (%) 9(41) 8(57) 1(12.5) 0.074
Vasopressors use, n (%) 20(91) 14 (100) 6(75) 0.12
Tracheostomy, n (%) 15(68) 11(78.5) 4(50) 0.34
Days on NMB 4.5 (3-14) 10 (3-20) 4(1.5-7) 0.17
Days on midazolam 12(6-21) 19 (6-26) 5.5(3.5-12) 0.031
Midazolam (mg/kg) 61(23-101) 89.68 (51.75- 129.61) 31.41(18.36-53.51)  0.020
MP pulses, n (%) 8(36.3) 4(28) 4(50) 0.38
Delirium, n (%) 17(77.2) 12(85.7) 5(62.5) 0.30
DFD in 28 days 22 (11-26) 18 (6-24) 26(21-28) 0.063
Delirium duration (days) 5(1-14) 11(4-19) 2(0-4.5) 0.016
ICU LOS (days) 43(21-56) 52 (40-63) 29(12-43) 0.037
Hospital LOS (days) 60 (43-63) 61(56-63) 36(14-61) 0.61
Days of vasopressors 9(4-13) 12 (9-15) 1.5(0-5) 0.0018
Referral on hospital discharge, n (%)
Home 12(54.5) 4(28.57) 8(100)
Rehabilitation center 10(45.4) 10(71.43)

Data are shown as numbers (%), median [IQR]. Abbreviations: BMI: body mass index, SOFA sequential organ failure assess-
ment, ARDS: acute respiratory distress syndrome, smokers: includes current and former smokers, VAP: ventilator-associated
pneumonia, NMB: neuromuscular blockers, MP: methylprednisolone, DFD: Delirium free days LOS: length of stay.

In our cohort, PICS occurrence was similar to those reported by
studies prior to the COVID-19 pandemic. Marra et al. observed a 64%
prevalence of PICS at 3 months after ICU discharge in non-COVID-19
patients.'® In contrast, the prevalence reported in studies with
COVID-19 patients was highly variable, for example, 90% at one
month after hospital discharge,® 80% at 6 months'® and 66% at one
year.'® These differences could be due to heterogeneity among the
studies at the moments of assessment, instruments used to evaluate
PICS domains and baseline characteristics of the population. Physio-
logically it is expected that a trend towards an improvement in some
of the evaluated domains can be observed the later the patients are
assessed. In fact, we observed an improvement in the cognitive
domain thirty days after discharge compared to that made at the
time of discharge.

We observed that 45% of the patients had co-occurrence of PICS
problems. Likewise, Maley et al. reported a co-occurrence of 47% at 6
months after discharge.'” Prior to the pandemic, a multicenter study
in patients with ARDS or shock not caused by COVID-19, showed a
25% of PICS co-occurrence at 3 months.”° These data would suggest a
greater PICS co-occurrence in COVID-19 patients that could be due to
a set of factors that includes: severity of the disease, heavy sedation,
neuromuscular blockers use, isolation from members of the family,
high Delirium prevalence, prolonged mechanical ventilation, and
long ICU stays that were characteristic of COVID-19 patients admitted
to the ICU during the pandemic.

Our study was carried out during the third wave of the pandemic,
with a population vaccination rate of 75% and a decrease in the num-
ber of hospitalizations due to COVID-19. We found an in hospital

mortality of 37%. Previously, a large prospective and multicenter
cohort study conducted in our country,”” which included patients
with COVID-19 requiring mechanical ventilation during the first
wave of the pandemic had reported a hospital mortality of 57.7%. We
think that this higher mortality was probably associated with the
high health personnel’s workload and a very low population vaccina-
tion rate in the first wave of the pandemic.

Our results suggest that patients with COVID-19 who survive ICU
admission have a high burden of functional, cognitive, and psycho-
logical impairment. In addition, many of them require specialized
care with a multidisciplinary team of intensive care providers, psy-
chologists, physical therapists, neurologists and, in many cases,
admission to rehabilitation centers. In our series, ten of the 22 survi-
vors (45%) continued their care in a rehabilitation center at 30 days
after hospital discharge.

Our data are consistent with work carried out in high income
countries.”®'5"18 We believe that our research provides quantitative
information, which together with previously published studies, gen-
erates valuable evidence on the burden of disease and sequelae in
COVID-19 survivors.

This study has several strengths. There were no losses to follow-
up, thus minimizing selection bias. The prospective design of the
study allowed the recording of information on the exposure varia-
bles, outcomes, and potential confounders directly from the patient’s
family and medical records during follow-up. We evaluated primary
outcome with personal interviews in hospitals, clinics, or through
researchers’ visits to the rehabilitation center, unlike other studies
that evaluated PICS via the telephone or email surveys.®!”
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Table 3
Clinical and demographic characteristics of patients with and without cognitive impairment.
All patients MoCA <26 MoCA > 26 p-value
(n=22) (n=9) (n=13)

Age (years) 68 (58-71) 69 (63-71) 63 (44-70) 0.22
> 65 years, n (%) 12 (54) 6 (66.6) 6 (46) 0.41
Male, n (%) 15 (68) 5(55.5) 10(76.9) 0.48
BMI (kg/m2) 32(27-38) 33(30-38) 32(27-33) 0.48
Comorbidities, n (%)
Obesity 14 (59) 7(77.7) 7(53.8) 0.38
Smoking 13 (68) 6(66.7) 7(53.8) 0.67
Diabetes 4(18) 0(0) 4(30) 0.98
Hypertension 9(41) 3(33) 6 (46) 0.67
Charlson score 3(1-4) 3(2-4) 2(1-3) 0.19
Vaccinated, n (%) 18(81) 7(77.7) 11(84.6) 0.6
Ferritin (ng/L) 1406 (633-1988) 1066 (517-1582) 1406 (934-2090)  0.42
Apache II 18.5(14-21) 21(19-25) 16 (13-19) 0.0032
SOFA on admission 8(6-8) 8(8-9) 6(4-8) 0.026
Severe ARDS, n (%) 6(27) 4(44.4) 2(15.3) 0.18
VAP, n (%) 14 (63.6) 7(77.7) 7(53.8) 0.38
Duration of MV (days) 37 (12-46) 46 (40-54) 30(7-37) 0.0082
Prone position, n (%) 9(41) 6(66.7) 3(23) 0.079
Vasopressors use n (%) 20(91) 9(100) 11(84.6) 049
Tracheostomy, n (%) 15 (68) 8(88.9) 7(53.8) 0.16
Days on NMB 45 (3-14) 9(3-22) 7(4-14) 0.32
Days on midazolam 12 (6-21) 20 (6-26) 10(4-13) 0.10
Midazolam (mg/Kg) 61(23-101) 93.57(87-129.6)  39.2(21.4-62.7) 0.02
MP pulses, n (%) 8(36.3) 2(22) 6(46) 0.38
Delirium, n (%) 17(77.2) 7(77.7) 10(76.9) 1
DFD in 28 days 22 (11-26) 16 (0-23) 24(20-27) 0.08
Delirium duration (days) 5(1-14) 13(9-15) 1(4-6) 0.14
ICU LOS (days) 43 (21-56) 56 (48-63) 41(16-44) 0.03
Hospital LOS (days) 60 (43-63) 60 (22-61) 58 (55-64.5) 0.34
Days on vasopressors 9(4-13) 12(9-19) 6(1-13) 0.08
Referral on hospital discharge, n (%)
Home 12 (54.5) 1(11) 9(82)
Rehabilitation center 10(45.4) 8(88.9) 2(15.3)

Data are shown as numbers (%), median [IQR]. Abbreviations: BMI: body mass index, SOFA sequential organ failure
assessment, ARDS: acute respiratory distress syndrome, smokers: includes current and former smokers, VAP: ventila-
tor-associated pneumonia, NMB: neuromuscular blockers, MP: methylprednisolone, DFD: Delirium free days LOS:
length of stay.
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Fig. 3. Overlapping of Post-Intensive Care Syndrome Domains at 30 days Follow-Up.
This diagram illustrates the overlapping of PICS domains at 30 days. The proportion of patients with PICS and overlapping of the domains is shown in the circles.
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Table 4
Clinical characteristics and outcome of patients according to referral on hospital dis-
charge.

Rehabilitation Home p-value
(n=10) (n=12)

Age (years) 68 (63-72) 61 (43-70) 0.14
Male, n (%) 6(60) 9(75) 038
Charlson score 3(2-4) 2(0.5-3.5) 0.26
Apache Il 20(18-24) 16 (13-19) 0.0028
SOFA on admission 8(8-9) 6(5-8.5) 0.14
Duration of MV (days) 41 (38-54) 30(7-37) 0.0031
Prone position, n (%) 6(66.7) 3(33) 0.11
Tracheostomy, n (%) 8(53.3) 7 (46.6) 0.38
Days on NMB 10 (4-22) 4(1.5-12) 0.16
Days on midazolam 20 (6-26) 8.5(4-15.5) 0.09
Midazolam (mg/Kg) 92.9(62.6-129.6) 43.4(22.5-68.9) 0.07
NMB (mg/kg) 48.8(13.8-87.5) 24.8(3.9-87.5) 0.27
Delirium, n (%) 8(47) 9(53) 1
DFD in 28 days 13.5(0-25) 23.5(2(5-19.5-27.5) 0.11
Delirium duration (days) 11(3-19) 4(5-7.5) 0.19
ICU LOS (days) 52 (40-58) 42 (15-50) 0.03
Hospital LOS (days) 60 (56-61) 55(18-63) 0.52
Days on vasopressors 12.5(11-15) 4.5(0.5-7) 0.014
PICS n (%) 10(100) 4(33) 0.02
Functional dependence 10(100 4(33) 0.02

n (%)
Cognitive impairment 8(89%) 1(11%) 0.002

n (%)
Mental impairment n (%) 6(85.7) 1(14.2) 0.02
Barthel Index 20(15-30) 100 (90-100) 0.0000
MoCA score 20(15-24) 27.5(26.5-29.5) 0.0002

Data are shown as numbers (%), median [IQR]. Abbreviations: BMI: body mass index,
SOFA sequential organ failure assessment, ARDS: acute respiratory distress syn-
drome, NMB: neuromuscular blockers, MP: methylprednisolone, DFD: Delirium free
days, LOS: length of stay.

To our knowledge, this is one of the first studies to explore PICS in
survivors of COVID-19 who required mechanical ventilation in
Argentina and Latin America.

However, our study has several limitations. First, the sample size
was small, and therefore it prevents the identification of factors inde-
pendently associated with PICS occurrence. Second, this study was
conducted in two Buenos Aires centers; our findings cannot be
extrapolated to other centers or geographic regions. Third, we did
not assess post-traumatic stress, which might have led to an underes-
timation of psychic domain impairment. Fourth, given the urgency of
the patients’ critical illness, we were unable to personally assess par-
ticipants’ cognitive function and functional dependence prior to the
illness. Fifth, the absence of a control group was another limitation;
we compared our data with data published in non-COVID-19 survi-
vors before the pandemic. And finally, PICS was evaluated at 30 days
after hospital discharge. We do not have long-term follow-up data
that could inform us about the trajectory of post-ICU sequelae.

Table 5
Results of questionnaires that evaluated PICS after hospi-
tal discharge.

Median (IQR) Test altered

n=19 n %
MoCA 26 (IQR: 20-28) 9 40.9%
Barthel Index 60 (IQR: 20-100) 14 63.6%
GAD-7 3 (IQR: 2-5) 3 13.6%
PHQ-9 5(IQR: 3-12) 7 31.8%

Data are expressed as numbers (%), median and inter-
quartile range (IQR). MoCA: Montreal Cognitive Assess-
ment, GAD-7: General Anxiety Disorder —7, PHQ-9:
Patient Health Questionnaire-9. Altered test definition:
MoCA ( 26, Barthel < 100. GAD-7 ) 10 and PHQ-9 > 10.

Implications for future practice and research

Our findings in the context of current evidence highlight the need
to optimize the use of resources for adequate identification and long
term follow-up of ICU COVID-19 survivors. A large multicenter study
is warranted to identify potentially modifiable factors associated
with PICS to improve long-term outcome. Furthermore, studies com-
paring PICS characteristics in ICU COVID-19 survivors with non-
COVID-19 ICU survivors are an important field for future research.

Conclusions

In this prospective study, we identified a high prevalence of func-
tional, cognitive, and psychological impairment at 30 days after hos-
pital discharge in survivors of COVID-19-associated ARDS requiring
mechanical ventilation. The physical domain was the most frequently
altered. In most cases, multiple PICS domains were affected. These
findings suggest the need for long-term follow-up of this population.
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