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Abstract
Background A signi�cant number of COVID-19 patients have been treated using invasive mechanical
ventilation (IMV). The ability to evaluate functional status of COVID-19 survivors early on at ICU and
hospital discharge can help minimize ICU-acquired weakness, promote rapid functional recovery, and
improve quality of life

Methods The modi�ed “Mental Status”, ICU Mobility, and Barthel Index scores at ICU and hospital
discharge were tabulated for 118 COVID-19 survivors treated with invasive mechanical ventilation (IMV).
These functional scores were compared with pre-admission functional status, discharge durable medical
equipment, discharge medical follow-up recommendation, duration on IMV, duration post IMV,
demographics, comorbidities, laboratory tests, and vital signs at ICU and hospital discharge.  

Results The majority of COVID-19 IMV patients were not functionally independent at hospital discharge
(22% discharged with cane or rolling walker, 49% discharged with durable medical equipment, and 14%
admitted to a rehabilitation facility), although they were prior to COVID-19 illness. Half of the patients
were discharged with supplemental oxygen equipment. The most prevalent medical follow-up
recommendations were cardiology, vascular medicine, pulmonology, endocrinology, and neurology with
many patients receiving multiple medical follow-up recommendations. Functional status improved from
ICU discharge to hospital discharge (p<0.001). Worse functional status at hospital discharge was
associated with longer IMV duration, older age, male sex, higher number of comorbidities, and the
presence of pre-existing comorbidities including hypertension, diabetes, chronic obstructive pulmonary
disease, and immunosuppression (p<0.05, ANOVA).

Conclusions The majority of IMV COVID-19 survivors were not functionally independent at discharge and
required signi�cant follow-up medical care. The COVID-19 circumstance has placed constraints on
access to in-hospital rehabilitation. These �ndings underscore the need for prospective studies to
ascertain the short- and long-term sequela in COVID-19 survivors. 

Introduction
Coronavirus disease 2019 (COVID-19) 1, 2 has infected over 58 million people and killed 1.4 million
worldwide (https://coronavirus.jhu.edu, assessed Nov 22, 2020). The actual numbers are likely to be
much higher due to testing shortages and under reporting 3. There will likely be recurrence and
subsequent waves 4. Moreover, many patients who survived COVID-19 infection will likely have short- and
long-term health problems 5. To date, the majority of published studies related clinical variables to
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mortality and/or critical illness 6–10. There is currently no literature that systemically ascertain the
functional status of COVID-19 survivors at the time of hospital discharge.

A signi�cant number of COVID-19 patients have been treated using invasive mechanical ventilation (IMV)
1, 2. Prolonged IMV increases the risk of developing secondary infection, sepsis, and multi-organ failure,
which increases patient susceptibility to short- and long-term medical issues 11–13. The ability to evaluate
functional status of COVID-19 survivors early on at ICU and hospital discharge is important because it
enables identi�cation of patients who may need medical and rehabilitation interventions. Early
intervention has been shown to minimize ICU-acquired weakness, promote rapid functional recovery, and
improve quality of life 14, 15.

There are a few clinical tests to evaluate functional status of discharged ICU patients in the hospital
settings. Mental status assesses whether a patient is alert and oriented to person, place, time, and
situation 16. The ICU Mobility Scale assesses mobility ranging from being passively rolled in bed, to
ambulating independently 17. The Barthel Index evaluates the level of assistance required to complete
basic activities of daily living (ADL) including feeding, toilet transfers and toileting, bathing, dressing,
grooming, and stair negotiation 18. Systematic documentation of functional status in COVID-19 survivors
at ICU and hospital discharge could help to anticipate future healthcare needs of COVID-19 sequela 18, 19.

The goal of this study was thus to investigate the functional status of COVID-19 IMV survivors at ICU and
hospital discharge. Functional status pro�les of IMV COVID-19 survivors included the modi�ed Mental
Status score, ICU Mobility Scale score, and Barthel Index score. In addition, these functional scores were
correlated with in-hospital clinical variables, duration on IMV, duration post IMV, medical follow-up
recommendation, discharged durable medical equipment (DME), amongst others.

Methods
This retrospective study was approved by the Institutional Review Board with an exemption for informed
consent. Our study followed the Strengthening of Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines for cross-sectional studies (http://www.equator-network.org/reporting-
guidelines/strobe/). Data were obtained from 4985 persons under investigation (PUI) presented to the
emergency room at XXX (name blinded for review) between Mar 8, 2020 and Apr 13, 2020. COVID-19 was
con�rmed based on a real-time polymerase chain reaction test for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) on a nasopharyngeal swab specimen. Patients with incidental COVID-19
�ndings who were primarily admitted for other major medical indications (i.e., trauma) were excluded.
Patients who were still in the hospital at the time of the study and those who were less than 18 years old
were also excluded. Inclusion criteria were survivors of COVID-19 who received invasive mechanical
ventilation (IMV) and have complete functional status score documentation (N = 118).

Demographics, comorbidities, pre-hospital independent status, medical insurance status, laboratories
tests and vital signs were tabulated. Demographic information included age, gender, ethnicity, and race.
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Chronic comorbidities included smoking, diabetes, hypertension, asthma, chronic obstructive pulmonary
disease, coronary artery disease, heart failure, cancer, and chronic kidney disease, amongst others.
Laboratory tests at ICU and hospital discharge included C-reactive protein, D-dimer, ferritin, lactate
dehydrogenase, lymphocytes, procalcitonin, alanine aminotransferase, aspartate aminotransferase, and
troponin, amongst others. Vital signs included heart rate, respiratory rate, pulse oxygen saturation [SpO2],
systolic blood pressure and temperature at ICU discharge and at hospital discharge. In addition, in-
hospital acquired acute kidney injury (AKI), acute respiratory failure, acute respiratory distress syndrome
(ARDS), amongst others, were also tabulated.

Functional scores: The modi�ed Mental Status score (range: 0–3) assesses alertness, orientation and
ability to follow command. One point is given if the patient is alert but not oriented, two points are given if
the patient is alert and oriented to at least two domains (self, location, time, or situation), and an
additional point is given if the patient is able to follow commands. The ICU Mobility Scale (range: 0–10)
is an 11-item categorical scale that measures the highest level of functional mobility of patients within
the ICU setting. The Barthel Index (range: 0-100) is an ordinal scale used to measure performance in ADL,
consisting of ten variables describing ADL and functional mobility, with a higher number re�ecting greater
ability to function independently. Higher scores indicate higher functioning for all three scores.

Functional scores at ICU and hospital discharge were obtained from patient charts by a team of four
occupational therapists and physical therapists. First, this team used a separate set of a dozen ICU
patients to reach consensus on how to score patients based on chart review. Chart review included
reviews done by occupational therapy notes, physical therapy notes, nursing �owsheets, care
management notes, medicine team notes, and speech-language pathology notes if needed. If speci�c
notes and/or information was not available from the actual date of ICU or hospital discharge, the closest
note prior to the actual date was used. In situations where patients were re-upgraded to a higher level of
care, after being downgraded from the ICU, the ICU discharge date closest to actual hospital discharge
was selected. During these chart reviews, COVID-19 diagnosis was con�rmed as the �nal primary
diagnosis on the patient chart. Each patient’s medical chart was rated by three independent raters. Inter-
rater agreement was evaluated by the interclass correlation analysis.

Validation of functional scores: To determine whether the functional status scores derived from chart
review re�ected scores of the actual tests, a validation study was performed. This was done on a
separate group of non-COVID-19 ICU patients (N = 18) in which chart review scores and actual test scores
were performed independently in a blinded manner from Jul to Sept 2020. One rater administered the
actual established tests with patients. Three separate and independent raters scored the same patients
based on retrospective chart reviews. These three raters did not participate in care of these 18 patients to
avoid bias. Inter-rater agreement was also evaluated by interclass correlation analysis.

Discharge equipment and notes: The following discharge data were obtained: i) suggested and actual
discharge location (i.e., 1: homecare, 2: rehabilitation facility, 3: long-term care (LTC), or hospice), ii)
discharge equipment (0: none, 1: cane/walker, 2: hospital bed, Hoyer, wheelchair, or commode (durational
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medical equipment, DME), 3: discharged to rehabilitation facility), iii) discharge with or without
supplemental oxygen equipment, iv) discharge follow-up recommendations (i.e., cardiology, vascular
medicine, pulmonology, endocrinology, neurology, urology, hematology, surgery, GI, nephrology, psychiatry,
ophthalmology, orthopedics/rheumatology, and wound care), and v) in-hospital acquired diagnosis (i.e.,
AKI, acute respiratory failure, ARDS, and thromboembolic events). Follow-up recommendations of
infectious disease and primary care physicians were common to essentially all patients and were not
tabulated.

Statistical analysis
Statistical analysis was performed using SPSS v26 (IBM, Armonk, NY) and SAS v9.4 (SAS Institute, Cary,
NC). Suggested discharge locations were compared with actual discharge locations using McNemar’s
test. Paired t-tests were used to compare functional scores, laboratory tests and vital signs at ICU and
hospital discharge. Functional scores were compared across different days on IMV, days off IMV, and
across different numbers of comorbidities using ANOVA. Multiple regression models were �t to functional
scores with demographics and comorbidities as covariates. Backward selection was utilized, and non-
signi�cant comorbidities were removed from the �nal models. For all analyses, a p < 0.05 was considered
to be statistically signi�cant with correction for multiple comparisons with the false discovery rate where
appropriate, unless otherwise speci�ed.

Results
Demographics, pre-hospital independent status, medical insurance status, laboratory tests and vital signs
at ICU admission and at hospital discharge are summarized in Table 1. Aspartate aminotransferase, C-
reactive protein, D-dimer, ferritin, lactate dehydrogenase, lymphocyte count, sodium, SpO2, procalcitonin,
respiration rate, systolic blood pressure and white-blood cell count were signi�cantly different between
groups. Prior to hospital admission, 94.1% of patients were functionally independent, 4.2% partially
dependent, and 1.7% dependent. The majority (83%) of patients had medical insurance.

The most prevalent comorbidities were obesity (61%), hypertension (47%), diabetes (30%), and asthma
(13%) (Fig. 1A). The percentages of patients with 0, 1, 2, 3, and > 3 comorbidities were 12%, 31%, 19%,
24%, and 14%, respectively (Fig. 1B). In other words, 12% had no, 88% had at least one, 57% had at least
two, 38% had at least three, and 14% had at least four comorbidities.

The percentage of patients with recommended discharge to homecare, rehabilitation, LTC/hospice were
27%, 71%, and 2%, respectively (Fig. 2). The percentage of patients with actual discharge to homecare,
rehabilitation, LTC/hospice were 49%, 46%, and 5%, respectively. Of those who received rehabilitation
recommendation, 16.9% of insured patients and 5% of uninsured patients elected homecare instead.
Signi�cantly more discharged patients elected homecare over acute and sub-acute rehabilitation facilities
against recommendations (p < 0.001, McNemar’s test).
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The percentage of patients who were discharged i) with no equipment, ii) with cane or rolling walker, iii)
DME, and iv) to rehabilitation facility were, respectively, 15.25%, 22.03%, 49.15%, and 13.56%, (Fig. 3A).
Half (50%) of the patients were discharged with supplemental oxygen equipment of which 9.32% had a
tracheotomy and 40.68% did not (Fig. 3B). The remaining 50% of patient were discharged without oxygen
equipment.

The major medical follow-up recommendations included cardiology (44%), vascular medicine (26%),
pulmonology (15%), endocrinology (15%), neurology (14%), urology (8%), hematology (7%), surgery (8%),
and gastroenterology (GI) (7%) (Fig. 4A). The percentages of patients with 0, 1, 2, 3, and > 3 medical
follow-up recommendations were 25%, 25%, 22%, 20%, and 8%, respectively (Fig. 4B). In other words, 25%
had no, 75% had at least one, 50% had at least two, and 28% had at least three, and 8% had at least four
medical follow-up recommendations.

Almost half (45%) of patients had a secondary diagnosis of acute respiratory failure or ARDS during
hospitalization and 13% of patients had a secondary diagnosis of AKI. Thromboembolic events were
seen in 5% of patients during hospitalization while over a third (34%) of patients received anticoagulation
treatment.

Functional scores
For the validation study (N = 18, non-COVID19 ICU patients), the intra-class correlation coe�cients
between “actual test” scores and “chart review” scores for the modi�ed Mental Status, ICU Mobility Scale,
and Barthel Index scores were respectively, 1.00, 0.997, and 0.987, amongst the three independent raters.
These high inter-rater agreements suggested that functional scores were well documented on patients’
chart.

About half (53.4%) of the IMV total patients (N = 118) received only physical or occupational therapy, and
46.6% received both. The inter-rater agreement of three raters by interclass correlation coe�cients were
0.948, 0.954, and 0.976 for modi�ed Mental Status, ICU Mobility Scale, and Barthel Index scores,
respectively. Figure 5 shows the functional status scores at ICU and hospital discharge. All patients
showed signi�cant improvement in functional scores at hospital discharge relative to the scores at ICU
discharge (p < 0.0001 all three scores, paired t-tests). Functional status of IMV patients were abnormal at
hospital discharge.

Figure 6 shows the functional status scores at ICU and hospital discharge versus binned duration on and
off IMV. A shorter duration on IMV was correlated with a better ICU Mobility Scale and Barthel Index
scores at hospital discharge (p < 0.001 for both scores, ANOVA) but not at ICU discharge (p > 0.05,
ANOVA). Duration on IMV were not correlated with Mental Status scores at both ICU and hospital
discharge (p > 0.05, ANOVA). There were no correlations with off IMV (p > 0.05, ANOVA).

Functional scores decreased with increasing number of comorbidities at hospital discharge (p < 0.05,
ANOVA) but not at ICU discharge (p > 0.05, ANOVA) (Fig. 7). Table 2 shows the correlation of ICU Mobility
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Scale and Barthel Index scores at hospital discharge with demographics, and comorbidities. Some
functional scores were signi�cantly correlated with the age, sex and the presence of pre-existing
comorbidities including hypertension, diabetes, chronic obstructive pulmonary disease, and
immunosuppression (p < 0.05, ANOVA). Correlations for comorbidities that had < 6% prevalence were not
analyzed as they were unreliable.

 
Table 3 shows the prevalence of in-hospital acquired diagnoses including AKI, acute respiratory
failure/ARDS, and thromboembolic events. Barthel Index scores at ICU discharge were signi�cantly
correlated with hospital-acquired ARDS (p < 0.05), but not at hospital discharge (p > 0.05). Functional
status scores at hospital discharge were not correlated with AKI nor thromboembolic events (p > 0.05).

 

Discussion
This study investigated the functional status of COVID-19 IMV survivors at ICU and hospital discharge.
The major �ndings were: i) the majority of patients were functionally independent prior to COVID-19
illness, but not at hospital discharge, ii) half of patients were discharged with supplemental oxygen
equipment, iii) the most prevalent medical follow-up recommendations were cardiology, vascular
medicine, pulmonology, endocrinology, and neurology with many patients receiving multiple medical
follow-up recommendations, and iv) Worse functional status at hospital discharge was associated with
longer IMV duration, older age, male sex, higher number of comorbidities, hypertension, diabetes, chronic
obstructive pulmonary disease, and immunosuppression. To our knowledge, this is the �rst study that
systemically evaluate functional status of COVID-19 survivors and correlate with clinical variables at ICU
and hospital discharges.

Many discharged patients elected homecare over acute and sub-acute rehabilitation facilities against
recommendations. It is possible that COVID-19 re-infection concerns at rehab facilities or a desire to go
home weighed in on patient’s and/or caretaker’s decisions 20. In addition, rehabilitation facilities might
have required patients to be tested COVID-19 negative to be admitted. It is also possible that insurance
status might have in�uenced such decision, as patients without insurance require approval to be
considered as a charity case. Our data showed that insurance status did not play a signi�cant role in
electing homecare versus rehabilitation facility in this patient cohort. These factors along with the COVID-
19 circumstance placed signi�cant constraints on patients receiving rehabilitation and in a timely
manner.

The majority of patients were functionally independent prior to COVID-19 illness, but the majority of
patients were not functionally independent at discharge. These patients were discharged home with
signi�cant assistive devices or to a rehabilitation facility. Moreover, half were discharged home with
supplemental oxygen equipment. These �ndings suggest that most patients were not functionally
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independent, and many still had unresolved or compromised lung function at hospital discharge. Follow-
up studies are important to further elucidate these �ndings and to ascertain long-term outcomes and
anticipate healthcare needs for COVID-19 survivors.

In our cohort, 75% of patients had at least one follow-up recommendation, 50% had at least two, and 28%
had at least three medical follow-up recommendations. The most prevalent medical follow-up
recommendations were cardiology, vascular medicine, pulmonology, endocrinology, and neurology.
Cardiac and vascular embolism issues appeared to be more concerning overall than pulmonary issues 21,

22. Studies have shown that SARS-CoV-2 virus enters host cells via the angiotensin-converting enzyme 2
(ACE2) receptors which are found to have a relatively high density in the heart 23. Similarly, hospitalized
COVID-19 patients are at higher risk of future blood clots such as deep vein thrombosis and pulmonary
embolism 24, and thus there is a need for follow up with vascular medicine to monitor such potential
events. This may be related to the fact that over a third of patients (34%) were given anticoagulation
treatment throughout hospital stay and just over 5% of patients had experienced thromboembolic events.

In our cohort, about half of the IMV total patients received only physical or occupational therapy. Under
normal circumstances, most IMV patients would have received in-hospital physical or occupational
therapy prior to discharge. Concerns about cross infection and unclear guidelines early in the COVID-19
pandemic might have contributed to lower rates of in-hospital rehabilitation. Although functional scores
of IMV survivors showed improvement relative to those at ICU discharge, many of these patients were
clearly physically and functionally impaired at hospital discharge.

Longer IMV duration was associated with worse functional ICU Mobility Scale and Barthel Index scores at
hospital discharge. This is not unexpected. IMV duration was not correlated with the modi�ed Mental
Status score likely because the Mental Status score had a small dynamic range. Older age and male sex
were signi�cantly correlated with a worse functional score. Older age and male sex have previously been
associated with more severe illness and higher mortality rate 6–10. Some functional scores at discharge
were signi�cantly correlated with hypertension, diabetes, chronic obstructive pulmonary disease, and
immunosuppression. These �ndings are not surprising because hypertension and diabetes have
previously been associated with critical illness and mortality 6–10. Some functional scores were
signi�cantly correlated with hospital-acquired ARDS at ICU discharge, but not at hospital discharge.
Functional scores were not signi�cantly correlated with hospital-acquired AKI and thrombosis events at
both ICU and hospital discharge. These observations suggest that the majority of hospital acquired
secondary diagnoses were resolved at the time of discharge. These �ndings need to be replicated using
larger data sets.

Prolonged ICU stay in general has been associated with higher risk for ICU-acquired delirium and other
medical issues 19. Patients with COVID-19 face long ICU stay which puts them at risk of prolonged
bedrest, leading to muscle weakness and deconditioning 25. When combined with the social isolation
needed to mitigate risk of infection to others, many patients could face psychological distress and post
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traumatic distress disorders 19. Early interventions in ICU patients during hospitalization and post
hospital discharge has been shown to be effective to promote physical, cognitive and psychological
health, speed up functional recovery 14, 15, 26 and improve quality of life 19. Unfortunately, the need to
mitigate risk of cross infection under the COVID-19 circumstance has placed signi�cant constraints on
rehabilitation interventions and in timely manner. Our �ndings suggest that the COVID-19 survivors are at
a high risk of developing long-term medical sequela which could increase healthcare utilization
downstream. Many of these patients might not be able to fully return to work, resulting in additional
societal burdens.

Limitations and future perspectives
This study has several limitations. This is a study from a single hospital. Multi-site studies are needed to
achieve generalizability of these �ndings. As with any retrospective study, there are potential
unintentional data selection bias and confounding variables that were not taken into account. This study
only investigated COVID-19 survivors treated with IMV. Future studies will include general �oor COVID-19
patients. Reduced functioning in our cohort could be short- or long-term and thus follow-up studies of
COVID-19 IMV survivors are important. Future prospective studies could include additional functional
measures.

Conclusions
This study investigated the functional status of IMV COVID-19 survivors at hospital discharge. The
majority of IMV COVID-19 survivors were not functionally independent at discharge and might require
signi�cant follow-up medical care. The COVID-19 circumstance requiring precautions to mitigate cross
infection risk, places signi�cant constraints on patients receiving rehabilitation in a timely manner. Our
�ndings underscore the need to perform prospective studies to ascertain short and long-term sequela in
COVID-19 survivors. It would not be surprising that COVID-19 sequela will increase healthcare expenditure
and reduce work productivity for years to come.

Declarations
Ethical Approval and Consent to participate

Approval of the ethics committee of XXX (name withheld for blinding study)

Consent for publication

All authors consent to publish.

Availability of supporting data



Page 11/27

The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Competing interests

All authors declare no competing interests.

Funding

None

Authors’ contributions

Benjamin Musheyev1,2*, Lara Borg3*, Rebeca Janowicz3*, Michael Matarlo3, Hayle Boyle3, Gurinder
Singh2, Victoria Ende2, Ioannis Babatsikos2, conceptualized and analyzed data, draft paper

Tim Q. Duong1* conceptualized, wrote/edit paper, supervise.

Acknowledgements

We shall thank all the doctors, nurses and clinical scientists who worked in the hospital during the period
of patient recruitment as well as the patients who were involved in this study.

References
1. Zhu N, Zhang D, Wang W, et al. A Novel Coronavirus from Patients with Pneumonia in China, 2019. N

Engl J Med Feb. 2020;20(8):727–33. doi:10.1056/NEJMoa2001017. 382 ) .

2. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet Feb. 2020;15(10223):497–506. doi:10.1016/S0140-6736(20)30183-5. 395 ) .

3. Yelin I, Aharony N, Shaer-Tamar E, et al. Evaluation of COVID-19 RT-qPCR test in multi-sample pools.
medRxiv. 2020. March 27, 2020. doi:10.1101/2020.03.26.20039438.

4. Leung K, Wu JT, Liu D, Leung GM. First-wave COVID-19 transmissibility and severity in China outside
Hubei after control measures, and second-wave scenario planning: a modelling impact assessment.
The Lancet. 2020;395(10233):1382–93. doi:10.1016/S0140-6736(20)30746-7.

5. Del Rio C, Collins LF, Malani P. Long-term Health Consequences of COVID-19. JAMA Oct 5
2020;doi:10.1001/jama.2020.19719.

�. Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-Ocampo E, et al. Clinical, laboratory and
imaging features of COVID-19: A systematic review and meta-analysis. Travel Med Infect Dis.
2020:101623. doi:10.1016/j.tmaid.2020.101623.

7. Brown RAC, Barnard J, Harris-Skillman E, et al. Lymphocytopaenia is associated with severe SARS-
CoV-2 disease: A Systematic Review and Meta-Analysis of Clinical Data. medRxiv. 2020.
2020.04.14.20064659. doi:10.1101/2020.04.14.20064659.



Page 12/27

�. Cao Y, Liu X, Xiong L, Cai K. Imaging and Clinical Features of Patients With 2019 Novel Coronavirus
SARS-CoV-2: A systematic review and meta-analysis. Review Journal of Medical Virology Apr.
2020;03:03:03. doi:https://dx.doi.org/10.1002/jmv.25822.

9. Zhu JS, Ge P, Jiang C, et al. Deep-learning arti�cial intelligence analysis of clinical variables predicts
mortality in COVID-19 patients. J Am Coll Emerg Physicians Open Jul 16
2020;doi:10.1002/emp2.12205.

10. Zhao Z, Chen A, Hou W, et al. Prediction model and risk scores of ICU admission and mortality in
COVID-19. PLoS One. 2020;15(7):e0236618. doi:10.1371/journal.pone.0236618.

11. Belli S, Balbi B, Prince I, et al. Low physical functioning and impaired performance of activities of
daily life in COVID-19 patients who survived hospitalisation. Eur Respir J Oct
2020;56(4)doi:10.1183/13993003.02096-2020.

12. Zorowitz RD. ICU-Acquired Weakness. A Rehabilitation Perspective of Diagnosis, Treatment, and
Functional Management. Chest Oct. 2016;150(4):966–71. doi:10.1016/j.chest.2016.06.006.

13. Jolley SE, Bunnell AE, Hough CL. ICU-Acquired Weakness. Chest Nov. 2016;150(5):1129–40.
doi:10.1016/j.chest.2016.03.045.

14. Schweickert WD, Pohlman MC, Pohlman AS, et al. Early physical and occupational therapy in
mechanically ventilated, critically ill patients: a randomised controlled trial. Lancet. May 30
2009;373(9678):1874-82. doi:10.1016/S0140-6736(09)60658-9.

15. Liu K, Zhang W, Yang Y, Zhang J, Li Y, Chen Y. Respiratory rehabilitation in elderly patients with
COVID-19: A randomized controlled study. Complement Ther Clin Pract May. 2020;39:101166.
doi:10.1016/j.ctcp.2020.101166.

1�. Sessler CN, Gosnell MS, Grap MJ, et al. The Richmond Agitation-Sedation Scale: validity and
reliability in adult intensive care unit patients. Am J Respir Crit Care Med Nov. 2002;15(10):1338–44.
doi:10.1164/rccm.2107138. 166 ) .

17. Hodgson C, Needham D, Haines K, et al. Feasibility and inter-rater reliability of the ICU Mobility Scale.
Heart Lung Jan-Feb. 2014;43(1):19–24. doi:10.1016/j.hrtlng.2013.11.003.

1�. Duffy L, Gajree S, Langhorne P, Stott DJ, Quinn TJ. Reliability (inter-rater agreement) of the Barthel
Index for assessment of stroke survivors: systematic review and meta-analysis. Stroke Feb.
2013;44(2):462–8. doi:10.1161/STROKEAHA.112.678615.

19. Sheehy LM. Considerations for Postacute Rehabilitation for Survivors of COVID-19. JMIR Public
Health Surveill May. 2020;8(2):e19462. doi:10.2196/19462. 6 ) .

20. Lingis A. The New Fear of One Another. J Bioeth Inq Aug 25 2020;doi:10.1007/s11673-020-10035-6.

21. Potere N, Valeriani E, Candeloro M, et al. Acute complications and mortality in hospitalized patients
with coronavirus disease 2019: a systematic review and meta-analysis. Crit Care Jul. 2020;2(1):389.
doi:10.1186/s13054-020-03022-1. 24 ) .

22. Bandyopadhyay D, Akhtar T, Hajra A, et al. COVID-19 Pandemic: Cardiovascular Complications and
Future Implications. Am J Cardiovasc Drugs Aug. 2020;20(4):311–24. doi:10.1007/s40256-020-
00420-2.



Page 13/27

23. Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2 Cell Entry Depends on ACE2 and
TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor. Cell Apr. 2020;16(2):271–80 e8.
doi:10.1016/j.cell.2020.02.052. 181 ) .

24. Abou-Ismail MY, Diamond A, Kapoor S, Arafah Y, Nayak L. The hypercoagulable state in COVID-19:
Incidence, pathophysiology, and management. Thromb Res Jun. 2020;20:194:101–15.
doi:10.1016/j.thromres.2020.06.029.

25. Kiekens C, Boldrini P, Andreoli A, et al. Rehabilitation and respiratory management in the acute and
early post-acute phase. "Instant paper from the �eld" on rehabilitation answers to the COVID-19
emergency. Eur J Phys Rehabil Med Jun. 2020;56(3):323–6. doi:10.23736/S1973-9087.20.06305-4.

2�. Yu L, Jiang JX, Zhang Y, Chen YZ, Shi Y. Use of in-bed cycling combined with passive joint activity in
acute respiratory failure patients receiving mechanical ventilation. Ann Palliat Med. Mar
2020;9(2):175–81. doi:10.21037/apm.2020.02.12.

Tables
Table 1. (A) Demographics, (B) laboratory tests and vitals at ICU discharge and at hospital discharge. *
indicating statistical signi�cance. Values in parentheses are SEM.

(A)

  Frequency Percent

Demographics    

Gender    

  Male 80 67.80%

  Female 38 32.20%

Ethnicity    

  Hispanic/Latino 36 30.51%

  Not Hispanic/Latino 63 53.39%

  Unknown/Not Reported 19 16.10%

Race    

  Caucasian 52 44.07%

  African American 10 8.47%

  Asian 8 6.78%

  Unknown/Not Reported 48 40.68%
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(B)

  ICU Discharge Hospital Discharge p-value

Laboratory Tests

Alanine aminotransferase

91.9 (15.34) 61.6 (6.25) 0.07

Aspartate aminotransferase 62.3 (12.72) 32.7 (2.33) 0.03*

Bicarbonate 23.9 (0.32) 23.15 (0.26) 0.07

C-reactive protein 4.62 (0.59) 1.60 (0.20) 1E-06*

Creatinine 0.98 (0.10) 0.95 (0.11) 0.80

D-dimer 1307 (128) 940 (90) 0.003*

Ferritin 1141 (121) 686 (51.5) 0.00001*

Hematocrit 33 (0.55) 33 (0.49) 0.36

Lactate dehydrogenase 405 (19) 300 (9.41) 3.8E-06*

Lymphocytes 12 (0.86) 20 (0.97) 1E-08*

Procalcitonin 0.37 (0.06) 0.15 (0.02) 0.0005*

Sodium 143 (0.45) 140 (0.37) 3E-08*

White blood cells 12 (0.38) 9.5 (0.34) 3.6E-07*

       

Vitals      

SpO2 97 (0.16) 96 (0.16) 3.2E-08*

Heart rate 90 (1.45) 88 (1.16) 0.15

Respiration rate 22 (0.41) 19 (0.28) 1.7E-10*

Systolic blood pressure 135 (1.70) 122 (1.42) 3.3E-10*

Diastolic blood pressure 72 (0.82) 72 (0.78) 0.57

Temperature 37 (0.37) 37 (0.02) 0.21
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Table 2. Regression coe�cients (standard errors) of functional status scores at hospital discharge with
demographics and comorbidities. COPD: chronic obstructive pulmonary disease.

Hospital Discharge

  Mental Status Mobility Score Barthel Index

Demographics      

  Age   -0.06 (0.02) ** -0.88 (0.15) ***

  Gender 0.26 (0.08) *** 1.44 (0.50) **  

Comorbidities      

  Obesity      

  Hypertension   -0.98 (0.48) *  

  Diabetes     -10.13 (3.99) *

  Asthma      

  Coronary heart disease      

  COPD -0.45 (0.14) **    

  Immunosuppression -0.29 (0.14) *    

  Carcinoma  -0.47(.15) **    

  Chronic kidney disease      

Table 3. Secondary diagnosis acquired during hospital stay. ARDS: Acute respiratory distress syndrome.

  Frequency Percent

Acute Respiratory Failure/ARDS 53 44.92%

Acute Kidney Injury 15 12.71%

Thromboembolic events    

   Pulmonary Embolism 3 2.54%

   Deep Vein Thrombosis 2 1.69%

   Limb Ischemia 1 0.85%

   Stroke 1 0.85%

   Myocardial Infarction 2 1.69%
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Figures

Figure 1

(A) Prevalence of comorbidities of IMV COVID-19 survivors. (B) Percent of patients with different
comorbidities and number of comorbidities.
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Figure 2
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Recommended and actual discharges of IMV COVID-19 survivors. * p<0.001 (McNemar’s test).
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Figure 3

(A) Percentage of patients discharged: i) with no equipment, ii) with cane or rolling walker, iii) with
hospital bed, Hoyer, wheelchair, and/or commode (also referred to as durable medical equipment, DME),
and iv) to rehabilitation facility. (B) Patients discharged (A) with or (B) without supplemental oxygen
equipment.
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Figure 4

(A) Histogram of medical follow-up recommendations, and (B) percentages of patients with number of
follow-up recommendations.
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Figure 5

(A) Mental status, (B) ICU mobility, (C) Barthel scores at ICU (blue) and hospital (orange) discharge. Error
bars are SEM. *** indicates p<0.0001.
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Figure 5

(A) Mental status, (B) ICU mobility, (C) Barthel scores at ICU (blue) and hospital (orange) discharge. Error
bars are SEM. *** indicates p<0.0001.

Figure 6

Duration (A) on IMV and (B) post IMV for mental status, ICU mobility, Barthel scores at ICU and hospital
discharge. Duration on IMV correlated with ICU Mobility Scale score (p<0.001, ANOVA) and Barthel Index
discharge (p<0.001, ANOVA) at hospital. There were no other signi�cant correlations.
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Figure 7

(A) Modi�ed Mental Status (range: 0-3), (B) ICU Mobility Scale (range: 0-10), (C) Barthel Index (range: 0-
100) scores versus number of comorbidities. Functional scores correlated with the number of
comorbidities at hospital discharge (p<0.05, ANOVA) but not at ICU discharge (p>0.05)
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