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Shareable abstract 

A proportion of #COVID-19 survivors who undergo invasive mechanical ventilation show 

inspiratory muscle weakness 6 months after ICU discharge.  Early screening and rehabilitation 

may be beneficial for optimal recovery after ICU discharge.  
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Abstract  

 

Background: Knowledge regarding the long-term impact of invasive mechanical ventilation on 

the inspiratory muscles and functional outcomes in COVID-19 survivors is limited. 

Methods: In this single-centre prospective cohort study, we evaluated invasively ventilated 

patients with COVID-19 pneumonia 3 and 6 months post -ICU discharge. Outcomes included: 

maximal inspiratory pressure (MIP), ultrasound parameters for diaphragm function, 6-min walk 

distance (6MWD), dyspnea and quality of life. We evaluated associations between MIP and 

duration of mechanical ventilation with follow-up outcomes.  

Results: Fifty COVID-19 survivors discharged from ICU between 15 Oct 2020 and 1 Apr 2021 

were enrolled. Overall, survivors showed a recovery trajectory over time. However, impaired 

MIP remained in 24(48%) and 12 (24%) at 3 and 6 months, respectively. Diaphragm 

dysfunction was not observed. At 3 months, 23 (46%) had impaired functional capacity versus 

10 (20%), at 6 months. Dyspnea persisted in 44 (88%) at 3 months and 38 (76%) at 6 

months. Quality of life was slightly decreased at 3 months with further improvements at 6 

months. MIP was correlated to 6MWD, 6MWD % predicted, dyspnea across follow-up and 

quality of life at 3 months. The duration of invasive ventilation was correlated with 6MWD and 

6MWD % predicted. 

Conclusion: In invasively ventilated COVID-19 survivors, inspiratory muscle strength 

impairments persisted 6 months after ICU discharge, while maintaining normal diaphragm 

function. Decreased functional capacity, dyspnea and slightly reduced health status were 

observed. Early screening of survivors is of utmost importance to identify those with 

impairments and at risk of delayed or incomplete recovery.  

  



Introduction 

 

Since the onset of the coronavirus disease 2019 (COVID-19) pandemic, vast numbers of 

patients have required admission to an Intensive Care Unit (ICU) worldwide due to pneumonia 

caused by the acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) [1]. Patients with 

COVID-19 infection may rapidly develop acute respiratory distress syndrome (ARDS), which 

may necessitate life support with invasive mechanical ventilation. There is growing evidence on 

the short- to long-term outcomes following hospitalisation for acute COVID-19 infection that 

indicate new disability across all areas of functioning [2-5]. While most studies have 

investigated mixed severity cohorts of non-ICU and ICU patients with varying requirements for 

respiratory failure support,  the specific functional outcomes of mechanically ventilated COVID-

19 survivors are yet not fully understood.  

 

 

Moreover, the impact of critical illness on inspiratory muscle function has received little 

attention in follow-up studies investigating physical function outcomes of COVID-19 ICU 

patients. Mechanically ventilated patients with COVID-19 often require prolonged invasive 

support, frequent neuromuscular blockade and corticosteroid therapy  [6-8]. These are known 

risk factors for developing common neuromuscular complications for critically ill individuals, 

such as peripheral muscle weakness  [9] and respiratory muscle weakness, also known as 

ventilator-induced diaphragm dysfunction  [10]. Prior research indicates that inspiratory 

muscle weakness is present twice as often as peripheral muscle weakness in general 

populations of critically ill patients  [11]. Weakness of the inspiratory muscles is associated 

with delays in weaning  [12],  long-term mortality  [13] and worse physical function and 

quality of life at 5 years in ICU survivors  [14]. Thus, a better understanding of the role of the 

inspiratory muscles in the overall recovery from critical disease in invasively ventilated COVID-

19 patients is essential to identify functional impairments, and to design effective rehabilitation 

interventions.  

 

To address these research gaps, we conducted an observational longitudinal study to describe 

the functional outcomes and time course of recovery of a cohort of invasively ventilated 

COVID-19 survivors 3 and 6 months after ICU discharge. Post-ICU functional outcomes 

included inspiratory muscle strength and function, as our primary outcome, together with 

functional capacity, dyspnea and health-related quality of life. Secondary aims were to 



examine possible associations between inspiratory muscle strength and the duration of 

invasive mechanical ventilation with post-ICU outcomes.   

 

Methods 

 

Study design and participants 

 

This was an observational, prospective, single-centre study investigating the 3 and 6 month 

health outcomes of a cohort of adult (≥ 18 years old) critically ill COVID-19 ICU survivors from 

a tertiary public hospital in Madrid, Spain. Consecutive adults who were discharged from ICU 

between 15 October, 2020 and 1 April,2021 following ≥48 hours of invasive mechanical 

ventilation due to laboratory-confirmed SARS-CoV-2 pneumonia were assessed for eligibility.  

 

Patients who were unable to perform follow-up tests due to medical contraindications or any 

health issues, had cognitive/communication impairment or known baseline independent 

mobility impairments were excluded.  

 

Ethical approval was obtained from the institutional Clinical Research Ethics Committee 

(approval reference 419/20).  Written informed consent was obtained on the first follow-up 

visit. The study was conducted and reported in line with the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) guidelines [15] and was registered in 

ClinicalTrials.gov: NCT04853940.  

 

 

Procedures 

 

Eligible patients were contacted by telephone by the research coordinator and were invited to 

attend follow-up appointments 3 and 6 months post-ICU discharge at hospital facilities. Free 

hospital parking and fully-funded transportation was available for all patients. 

 

Data on demographics, comorbidities, ICU and hospital clinical characteristics were 

retrospectively retrieved from electronic patient records. Anthropometric data (height, weight 

and body mass index [BMI]) were collected during follow-up visits. 

 

 



 

 

Outcomes 

 

During follow-up visits, patients underwent physical examination to evaluate functional 

outcomes including inspiratory muscle strength and diaphragmatic function, as the main 

outcomes, and submaximal exercise capacity. Patient-reported outcomes for dyspnea and 

health-related quality of life were also assessed.  All evaluations were performed by a research 

team of 5 trained physiotherapists. Re-tests were not necessarily carried out by the same 

assessor. 

 

Inspiratory muscle strength 

 

Global inspiratory muscle strength was determined by measuring the Maximal Inspiratory 

Pressure (MIP) using a hand-held commercial pressure transducer (RP Check, MD Diagnostics 

Ltd, Kent, UK) via a single-patient use, flanged mouthpiece in accordance with guidelines  

[16]. Patients were instructed to perform a maximal inspiratory effort from residual volume in 

a seated position, without a nose clip. Encouragement was provided during the test. The 

highest value of three measurements within 20% variation was recorded. Measurements were 

reported as absolute values and as the percentage of predicted values by reference equations 

for the Spanish population [17]. Inspiratory muscle strength was considered impaired when 

MIP was lower than 70% predicted.  

 

Diaphragm thickness and function 

 

The diaphragm muscle was evaluated by real-time ultrasound imaging with a portable 

ultrasound system (Minisono, Alpinion Medical Systems, Anyang, South Korea) according to 

the method described by Boon et al.  [18]. With the patient in a supine lying position, 

sonographic images of the diaphragm thickness at functional residual capacity, i.e., at rest and 

next, at the end of a deep inspiratory effort were obtained. The average of three 

measurements was recorded and the diaphragm thickening ratio was subsequently calculated 

according to the formula: diaphragm thickness at the end of deep inspiration/ diaphragm 

thickness at rest.  Two researchers (the examiner and another member of the research team) 

reviewed the sonographic images and reached a consensus on the measurements if any 

disagreements.   



 

Diaphragm thickness has been associated with diaphragmatic inspiratory strength in healthy 

subjects  [19]. Meanwhile, the diaphragm thickening ratio is an indirect measure of inspiratory 

effort and an index of diaphragm dysfunction  [20]. Established lower limit of normality (LLN) 

values for diaphragm thickness (< 0.15 cm) and diaphragm thickening ratio (< 1.2) were used 

as thresholds for diaphragm thickness abnormality and diaphragm dysfunction, respectively 

[18]. 

 

Functional capacity  

 

Sub-maximal functional exercise capacity was evaluated with the self-paced, field Six-Minute 

Walk Test (6MWT) on a 30-metre clear course  [21].  Each participant performed the test once 

at each follow-up visit. The distance walked in 6 minutes (6MWD) was obtained. Absolute 

values and percentage of predicted according with published regression equations [22] were 

reported. Impaired functional capacity was established at 70% predicted. 

 

Heart rate, oxyhaemoglobin saturation (SpO2) and the Modified Borg Rating of Perceived 

Exertion scale for shortness of breath and lower limb fatigue (range 0-10, higher scores 

indicate greater degree of perceived exertion) [23] were recorded pre-test and immediately 

post-test. Exercise-induced desaturation was defined as a fall in SpO2 of ≥4% at end-test. 

Patients who were on continuous supplemental oxygen, or who were walking-aid users were 

allowed to perform the test with these aids according to their own preference.  

 

Patient-reported outcomes  

 

The modified British Medical Research Council scale (mMRC) [24]  was used to classify the 

impact of dyspnea on daily activities into 5 possible grades from 0-4, with 4 being the worst 

degree. Patients were asked for symptoms of new or worsened dyspnea over the last week in 

relation to their pre-COVID-19 status. Grade 2 was adapted to ‘usual’ instead of ‘people my 

age’ to allow reporting of breathlessness related to their pre-COVID health status [25]. 

 

Health-related quality of life (HRQOL) was determined with the respiratory specific Saint 

George’s Respiratory Questionnaire (SGRQ)  [26]  (score range 0- 100, lower values indicate 

better health status) based on 3 domains: symptoms, activity and impact. The validated 

Spanish version was administered in interview format at each assessment visit, taking care not 



to influence patient’s responses. The recall period was adapted from ‘the last year’ to  ‘the last 

4 weeks”. Scores were calculated with the application available at: http://sgrq.github.io/. 

  

 

Statistics  

 

Descriptive data are presented as median (25th -75th percentiles) for continuous variables and 

frequencies (percentages) for categorical data. Normality of distribution was determined by the 

Kolmogorov- Smirnov test. Comparisons between time-points data were conducted using 

paired parametric (Student t-test) and non-parametric (Mann–Whitney U-test and Chi-squared 

test) tests, as appropriate.  The correlation analysis was performed using Spearman’s rank 

correlation coefficients. Two-sided p-values <0.05 were considered statistically significant for 

all tests. Analysis was performed in SPSS Version 25.0 (IBM SPSS Statistics for Macintosh, 

Armonk, NY). 

 

 

Results 

Study cohort 

Between 15 October,2020 and 1 April, 2021, a total of 109 mechanically ventilated patients 

with COVID-19 pneumonia were consecutively discharged from ICU. Three (2.7%) patients 

had died following hospital discharge at initial study contact. Survivors were screened for 

eligibility. A total of 50 patients were enrolled and completed the 3 and 6 months assessments.  

The flow-chart of participants is depicted in Fig. 1.   

Median (25th-75th percentile) days from ICU discharge were 89 (86- 93) and 174 (113-133) 

for the first and second follow-up visit, respectively; and 119 (113-183) and 205 (109 -222) 

from symptom onset.  

An overview of patient’s characteristics is summarised in Table 1. Median (25th-75th 

percentile) age was 61 (52-68) years, 26 (52%) were men and median BMI was 28 (27 –34). 

With regards to medical history, 7 (14%) had a diagnosis of chronic obstructive pulmonary 

disease (COPD) or asthma, and 12 (24%) were former or current smokers. Duration of 

invasive ventilation was 11 (8-22) days, with 13 (26%) receiving prolonged mechanical 

ventilation (≥21days). All patients were treated with a course of intravenous dexamethasone 

during their admission, and almost all (46, 92%) received continuous neuromuscular blockade 

http://sgrq.github.io/


during mechanical ventilation. Upon hospital discharge, 13 (26%) patients were referred to an 

in-patient rehabilitation facility.  

Table 2 presents the results for the 3 and 6 months outcome assessments. 

Inspiratory muscle strength and diaphragm ultrasound imaging 

Absolute MIP significantly increased between follow-ups.  However, median relative MIP 

remained lower compared to healthy population norms with 70% (60-89) and 87.6% (70–99) 

predicted, at 3 and 6 months, respectively. Overall, the proportion of patients with impaired 

muscle strength was 24 (48%) and 12 (24%) at each sequential timepoint. 

Regarding sonographic assessments, diaphragm thickness at rest and diaphragm thickening 

ratio significantly increase between follow-ups.  Values of diaphragm thickness below LLN, i.e. 

5th percentile of a healthy population,  were present in 4 (8%) and 1 (2%) patients at 

sequential follow up visits. Overall, none of the observed individual measures for diaphragm 

thickening ratio identified diaphragmatic dysfunction at any timepoint. 

Functional capacity 

Overall, 6MWD significantly increased over time. Nevertheless, the median distance walked 

was reduced to 71% (66- 82) and 82 % (71.5- 90) predicted at 3 and 6 months, respectively.  

A total of 23 (46%) and 10 (20%) COVID-19 ICU survivors had functional capacity lower than 

70% predicted at each sequential assessment. Two patients performed the 6MWT with light 

portable O2 equipment at 3 months, and one of them at 6 months. One patient performed 

tests using a walking frame.  Borg score at end-test was moderate for breathlessness, and 

mild for leg fatigue at 3 and 6 months.  Exercise-induced desaturation was present in 14 

(28%) patients at 3 and 6 months. Ten (25%) patients had an unchanged desaturation 

response between assessments. Four of them sustained pulmonary embolism during ICU 

admission and one had COPD.  

Patient-reported outcomes  

Median mMRC dyspnea scores significantly improved over the 6months follow-up. Nonetheless, 

24 (48%) survivors reported a persistent degree of mild (grade 1) dyspnea with daily activities 

at 3 months and 27 (54%) at 6 months. The number of patients reporting moderate-to-severe 

dyspnea (mMRC ≥2), decreased from 20 (42%) to 11 (22%) over the 6-month period. 



A mild reduction was noted in the self-reported scores for overall health status, as shown by a 

decrease in the SGRQ score, with statistical improvement from 3 to 6 months. All three 

individual questionnaire domains also improved over time. At 3 and 6 months, the activity 

domain showed the greatest impairment, followed by impact and symptoms domains.  

Associations 

Table 3 summarises the associations between MIP and follow-up outcomes, and between the 

duration of invasive ventilation and inspiratory muscles parameters. MIP showed a significant 

correlation with 6MWD, 6MWD % predicted and a negative correlation with dyspnea mMRC, 

across follow-up; and with SGRQ scores at 3 months, and diaphragm thickening ratio at 6 

months. The duration of mechanical ventilation was inversely correlated with the 6MWD, 

6MWD % predicted and dyspnea scores at 3 months.  

 

 

Discussion  

 

This single-centre prospective study provides insight into the post-ICU recovery of severe, 

invasively ventilated COVID-19 survivors. While patients experienced an overall recovery 

trajectory over the initial 6 months, impaired inspiratory muscle strength was present in 24 

(48%) patients at 3 months and remained in 12 (24%) at 6 months. Despite this, ultrasound 

imaging did not identify diaphragm dysfunction. Functional capacity impairment was observed 

in 46% and 20% of survivors at subsequent follow-up timepoints. Mild to moderate dyspnea 

and mild reductions in quality of life persisted at 6 months. Significant negative correlations 

were found between inspiratory muscle strength with functional capacity and dyspnea across 

follow-up, and with health status at 3 months.  The duration of mechanical ventilation was 

correlated with functional capacity at 3 and 6 months, and dyspnea at 3 months, but not with 

inspiratory muscle outcomes. To our knowledge, the present study is the first reporting on 

longitudinal outcomes of inspiratory muscle strength and diaphragmatic function in an 

homogenous cohort of mechanically ventilated COVID-19 survivors.   

 

Current evidence about the impact of invasive ventilation on the inspiratory muscles in patients 

with COVID-19 pneumonia is confined to a few studies reporting outcomes for heterogenous 

cohorts including small subsets of invasive ventilated individuals. In line with our results, 

impaired inspiratory muscle strength was found in 42% at 3 months in ICU survivors, including 

14 intubated patients [27], and in 53% of 17 severe patients at 30 days [3]. Reduced values 



(68% predicted) were also reported in intubated patients at 4 months, with no significant 

difference with non-ventilated survivors [28]. It is noteworthy that high rates of peripheral 

muscle weakness have also been reported in mechanically ventilated COVID-19 individuals 

during the acute hospitalisation phase [29,30]. Our study suggest that neuromuscular 

complications of mechanical ventilation may similarly impact the inspiratory muscles in a 

substantial proportion of COVID-19 survivors.  

 

Despite this, diaphragmatic parameters for structure and function remained mostly within the 

normal limits in our patients. In contrast, in a small cohort of mechanically ventilated COVID-

19 patients admitted to in-patient rehabilitation,  Farr et al. [31] found that 18% had lower 

resting diaphragm thickness compared to non-COVID ICU survivors, and that 66% had 

reduced diaphragm thickening ratio. Differences with our results may be explained by the 

longer duration of mechanical ventilation [(mean±SD), 48±35 vs 16±12 days] and earlier 

testing. It should be noted that the duration of invasive ventilation did not show a significant 

linear correlation to any of the inspiratory muscle physiology measurements in our cohort. 

Whether COVID-19 patients who require exceptionally long periods of mechanical ventilation 

may sustain greater diaphragm impairment, and its clinical significance, requires further 

investigation.  

 

In accordance with published reports including subsets of ICU patients, we found similar 

reductions in functional capacity that improved gradually over time [32-34].  In mixed cohorts 

of hospitalised COVID-19 patients, ICU survivors showed greater functional capacity deficits 

than non-ICU patients at earlier post-acute phases (35,36), but differences evened out after 1 

year in most patients (37). In our cohort, impaired physical performance remained in 40% and 

20% of subjects throughout timepoints.   Functional capacity was strongly associated with 

inspiratory muscle strength over time. In fact, inspiratory muscle weakness after critical illness 

was an independent predictor of long-term lower functional capacity in general ICU populations 

[14].  This finding highlights that inspiratory muscle weakness must not be overlooked when 

evaluating the impact of critical illness in COVID-19 patients.   

 

Similarly, our patients presented with ongoing mild/moderate dyspnea and slight reductions in 

self-reported quality of life, with the highest impact on the physical status domain, in line with 

previous studies [35,38,39]. Importantly, we found that lower MIP was moderately correlated 

with higher mMRC dyspnea and worse self-reported health status.   Moreover, moderate 

exertional dyspnea as measured by the Borg scale, and exercise-induced desaturations 



remained throughout the 6 months follow-up. Vitaca et al. (40) found that mMRC dyspnea 

scores but not Borg dyspnea were correlated with exercise-induced desaturation in post-COVID 

lung disease, including 35% of intubated survivors. We also found contradictory results as 

mMRC dyspnea was correlated with MIP but not with Borg scores. The underlying mechanisms 

of persistent dyspnea in COVID-19 are yet to be fully elucidated. Residual lung fibrosis and 

pulmonary vascular pathology have been identified possible causes (41). Additional research 

should look at the potential contribution of inspiratory muscle weakness in survivors with 

invasive support requirements.  Meanwhile, inspiratory muscle strength training has 

established effects in improving perceived exertion and quality of life in critically ill patients 

[42], as well as submaximal exercise capacity in chronic respiratory disease populations [43]. 

Our findings suggest that invasively ventilated COVID-19 survivors with poorer functional 

outcomes may benefit from multimodal rehabilitation programmes that include inspiratory 

muscle strength training. 

 

A question that remains is whether inspiratory muscle weakness plays a role in the abnormal 

lung function parameters described in severe COVID-19 survivors, or whether the latter can be 

exclusively attributed to lung parenchymal changes. Although reduced diffusing capacity is the 

most common lung function abnormality reported in COVID-19 patients [44], mild restrictive 

physiology is also seen in the first few months post infection [3,27,45,46]  lasting up to 12 

months [35]. In a multicenter study, severe/critical COVID-19 patients, including mechanically 

ventilated survivors, paradoxically showed higher MIP but lower total lung capacity compared 

to younger patients with mild/moderate disease [36]. Anastasio et al. [28] reported similar 

results for mechanically ventilated compared to non-ventilated COVID-19 survivors. It is 

unclear why critically ill COVID-19 patients experienced a lesser impact on inspiratory muscle 

strength than less severe patients. Cohort heterogeneity, the number of missing observations 

and other methodological issues may explain these unexpected results.  Since we did not 

perform pulmonary function testing or radiological assessments, we were not able to evaluate 

whether restrictive lung volumes or fibrotic lesions were present in our cohort. However, a 

proportion of our patients experienced notable impairments in inspiratory muscle strength, 

with MIP absolute values as low as 25-45 cmH2O in some cases. These findings may indicate 

that unrecovered inspiratory muscle strength may contribute to restrictive physiology in 

invasively ventilated COVID-19 survivors, which may be multifactorial otherwise.  

Consequently, our results underline the importance of screening COVID-19 survivors to identify 

those who would benefit from further rehabilitation intervention with the aim to restore optimal 

inspiratory muscle function. 



 

Limitations 

 

Generalisabilty is inherently limited in single-centre observational designs. Besides, this study 

has other limitations. First, only 50 out of 106 COVID-19 ICU survivors were enrolled. Hence, 

results may not be representative of the whole cohort.  Additionally, some eligible patients 

were still at a rehabilitation centre or required further admission to hospital. Therefore, our 

findings may not capture the full spectrum of outcomes, particularly of those patients with 

greater post-ICU disability. Secondly, pre-morbid baseline assessments were not available. As 

a consequence, we cannot ascertain whether the observed impairments can be attributed to 

post -COVID-19 critical illness or were pre-existing. Lastly, the multiplicity of assessors may 

have potentially limited the reproducibility of measurements.  

 

 

Conclusions 

 

Despite showing an overall recovery over the 6 months after ICU discharge, a substantial 

proportion of mechanically ventilated COVID-19 survivors experienced persisting impairments 

in inspiratory muscle strength, while maintaining normal diaphragmatic function. In addition, 

reduced functional capacity, ongoing mild-to-moderate dyspnea and slight decrease in quality 

of life were frequent over the follow-up period. Early screening of residual impairments in 

survivors is of utmost importance to identify those who may benefit form rehabilitation 

interventions, with the aim to achieve optimal and timely recovery after COVID-19 critical 

illness.  
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TABLE 1. Baseline and clinical characteristics of invasively 

 ventilated COVID-19 survivors 

 Invasively ventilated 
COVID-19 survivors  

n=50 

Baseline Characteristics   

Age 61 (52-68) 

Sex, men 26 (52%) 

BMI (kg/m2) 28 (27-34) 

BMI group, n  

      Normal (18.5- 24.9 kg/m2) 5 (10%) 

      Overweight (25- 29.9 kg/m2) 26 (52%) 

      Obese > 30 kg/m2 19 (38%) 

Co-morbidities, n  

      Hypertension 21 (42%) 

      Dyslipidemia 14 (28%) 

      Diabetes Mellitus  12 (24%) 

      COPD  4 (8%) 

      Asthma  3 (6%) 

      Active malignancy 3 (6%) 

      SAHS 3 (6%) 

      Ischaemic heart disease  1 (2%) 

      Chronic renal disease 1 (2%) 

Smoking history, n  

      Never 33 (66%) 

      Former 10 (20%) 

      Current 2 (4%) 

      Unknown 5 (10%) 

Charlson Comorbidity Index 2 (1-4) 

Clinical Characteristics   

SOFA  6.5 (4.5-7) 

Invasive mechanical ventilation, days 11 (8-22) 

Prolonged mechanical ventilation (≥21days), n 13 (26%) 

Tracheostomy, n 11 (22%) 

Re-intubation, n 6 (12%) 

Pulmonary tromboembolism, n 9 (18%) 

Continuous neuromuscular blockade, n 46 (92%) 

Systemic corticosteroids during admission a, n 50 (100%) 

Length of stay in ICU, days 15 (12- 29) 

Length of stay post-ICU, days  7.5 (6 -13) 

Length of stay in hospital, days  27.5 (23- 45) 

Supplemental O2, n  



     At hospital discharge 27 (54%) 

     At 3 month follow-up visit 3 (6%) 

     At 6 month follow-up visit 2 (4%) 

Hospital discharge destination, n  

     Home  20 (40%) 

     Home with follow-up physiotherapy 15 (30%) 

     In-patient rehabilitation 13 (26%) 

     Home with out-patient physiotherapy 2 (4%) 

Data are shown as median (25th- 75th percentile) for continuous variables and frequencies 
(percentages) for categorical variables. ICU: Intensive care unit, BMI: Body mass index, 
COPD: Chronic obstructive pulmonary disease, SAHS: sleep apnea-hypoapnea syndrome, 
SOFA: Sequential organ failure assessment. 
a Course of intravenous dexamethasone.  

 

 

  



 

 

Table 2. Outcomes at 3- and 6- months post- ICU discharge for mechanically ventilated COVID-19 

survivors and significance of change over time. 

OUTCOME 
 

3 months  
n=50 

6 months  
n=50 

p value 

Days from ICU discharge  89 (86-93) 174 (113 -133) -- 

Days from symptom onset 119 (113-183) 205 (194- 222)  -- 

Inspiratory muscle strength    

     MIP, cmH20 73 (51.5-102)  86.5 (67.5-111)  ≤.001 

     MIP % predicted 70 (60-89) 87.6 (70-99)  ≤.001 

     MIP less than 70% predicted, n 24 (48%) 12 (24%) ≤.001 

Diaphragm ultrasound imaging    

     Diaphragm thickness, mm 0.20 (0.16-0.28)  0.24 (0.17-0.28)  .051 

     Diaphragm thickness less than LLN, n 4 (8%) 1 (2%) .100 

     Diaphragm thickening ratio  1.54 (1.42-1.72) 1.65 (1.52-1.79)  .009 

         Diaphragm thickening ratio less than LLN, n 0 (0%) 0 (0%) -- 

Functional capacity    

     6MWD 442.5 (384 –537) 520  (405 –588)  ≤.001 

     6MWD % predicted 71 (66-82) 82 (71.5 –90)  ≤.001 

     6MWD less 70% predicted, n  23 (46%) 10 (20%)  ≤.001 

     SpO2 pre-test 96 (96-98) 96 (95-97) .043 

     SpO2 immediately post-test 95 (93-96) 95 (93-97) .223 

     ∆ SpO2  2.5 (1-4) 1 ([-0.25]-4) .05 

     Post-test desaturation (∆SpO2 ≥4%), n  14 (28%) 14 (28%) -- 

     Breathlessness Borg score 3 (2-4) 3 (2-4) .935 

     Lower limb fatigue Borg score 1 (0-3) 2 (0-3) .723 

Dyspnea    

     mMRC score 1 (1-2) 1 (0.75-1) ≤.001 

     mMRC score, n    ≤.001 

         Grade 0 5 (10%) 12 (24%)  

         Grade 1 24 (48%) 27 (54%)  

         Grade 2 13 (26%) 8 (16%)  

         Grade 3 3 (6%) 1 (2%)  

         Grade 4 4 (10%) 2 (4%)  

Health-related quality of life    

     SGRQ total score 20.53 (9.74- 30.70) 13.05 (3.85- 21.38) ≤.001 

     SGRQ symptoms domain 0.0 (0.0-15.78) 0.0 (0.0- 9.21) .049 

     SGRQ activity domain 37.75 (18.73- 55.58) 25.9 (6.07- 45.91) .001 

     SGRQ impact domain 6.85 (2.42- 22.83) 4.4 (0.0-12.04) .001 

Data are presented as median (25th- 75th percentile) for continuous variables and frequencies (percentages) for categorical 
variables. MIP: Maximal inspiratory pressure, LLN: Lower limit of normality, 6MWD: Six-minute walk distance, SpO2: Pulse oximeter 
oxyhaemoglobin saturation, mMRC: Modified Medical Research Council, SGRQ: Saint George’s Respiratory Questionnaire.  



 

 

Table 3. Spearman’s correlation coefficients between maximal inspiratory pressure and follow-

up outcomes, and between duration of mechanical ventilation and inspiratory muscle 

outcomes.  

 

Variable  3 months 6 months 

Maximal Inspiratory Pressure    

      Diaphragm Thickness     .312* .273 

      Diaphragm Thickening Ratio .180 .308* 

      6MWD    .657**   .622** 

      6MWD % predicted    .380** .284* 

      Dyspnea mMRC score    -.365**  -.379** 

      SGRQ   -.349* -.277 

Duration of mechanical ventilation   

      Maximal Inspiratory Pressure -.182 -.162 

      Maximal Inspiratory Pressure, % predicted -.105  -0.029 

      Diaphragm Thickness   -.257  -.163 

      Diaphragm Thickening Ratio -.106  -.137 

       6MWD -.389**   -.365** 

       6MWD % predicted -.427**   -.389** 

       Dyspnea mMRC score  .424**  .183 

       SGRQ .160 .127 

 
6MWD= Six-minutes walk distance, mMRC= Modified Medical Research Council, SGRQ= Saint George’s Respiratory 
Questionnaire.  Statistical significance: * p< 0.05,  **p< 0.01  
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Figure 1. Study Flow Diagram 
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