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INTRODUCTION

Coronavirus disease 2019 (COVID-19) has affected tens 
of millions of people in Japan.1) This virus can cause multi-
organ dysfunction resulting in significant morbidity and 
mortality.2) Because of the nature of the respiratory infec-
tion, patients with COVID-19 may experience pulmonary 
compromise, resulting in hypoxic respiratory failure or acute 
respiratory distress syndrome (ARDS). Ultimately, patients 
may require respiratory management, including intubated 

mechanical ventilation, proning, neuromuscular blockade 
and sedation, antiviral and anti-inflammatory drugs, strate-
gic nutrition support, and extracorporeal membrane oxygen-
ation (ECMO).3)

Post-extubation dysphagia (PED) caused by prolonged 
intubated mechanical ventilation has been considered an im-
portant sequela among patients with severe COVID-19.4–7) 
To minimize the potential clinical complications of PED, 
such as aspiration pneumonia and malnutrition, functional 
recovery from this swallowing disorder requires prompt 
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Background: Many patients with coronavirus disease 2019 (COVID-19) develop malnutrition 
after a prolonged stay in the intensive care unit (ICU) with mechanical ventilation. Early enteral 
nutrition is recommended, but optimal nutrition management during post-extubation recovery 
remains challenging. Cases: The subjects were 12 acute respiratory distress syndrome patients 
with COVID-19 (9 men, 3 women; median age, 55.6 years). We reviewed patient characteristics, 
physical function, and nutrient intake during hospitalization from just after extubation to dis-
charge. During this period, the median Functional Oral Intake Scale score improved from 4.5 
(interquartile range [IQR] 3.3–5.3) to 7.0 (IQR 5.8–7.0), the median Medical Research Council 
(MRC) scale score improved from 45.0 (IQR 39.3–48.5) to 53.5 (IQR 47.5–59.3), and the median 
Barthel index improved from 7.5 (IQR 0–16.3) to 72.5 (IQR 42.5–95.0). In 3 patients, the MRC 
scale score remained below 48 before discharge, indicating that ICU-acquired weakness had been 
prolonged. The median daily caloric intake during this phase increased from 6.9 kcal/kg per day 
(3.5–10.2 kcal/kg per day) to 24.8 kcal/kg per day (21.0–27.9 kcal/kg per day). About half of these 
patients showed caloric intake below 25 kcal/kg per day before discharge. Based on the Global 
Leadership Initiative on Malnutrition (GLIM) diagnostic scheme, 10 patients were diagnosed with 
malnutrition during hospitalization. Discussion: Physical function improved in more than half of 
the patients, but nutritional status was not recovered. More studies for nutritional management are 
required to prevent malnutrition and to enhance functional recovery during the post-extubation 
rehabilitation phase.
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evaluation and management of dysphagia by an interdisci-
plinary team, including a speech and language pathologist 
(SLP), a dietitian, and other medical staff. Optimal caloric 
and protein intakes are also necessary to enhance recovery 
of functional muscle mass and to prevent further loss, but 
patients are at risk of reductions in caloric and protein in-
takes after cessation of enteral nutrition and removal of the 
feeding tube.8–10)

Recent recommendations regarding nutrition management 
in patients with COVID-19 have been issued by the Euro-
pean Society on Enteral and Parenteral Nutrition and the 
American Society for Parenteral and Enteral Nutrition.11,12) 
Early enteral nutrition is recommended during invasive 
mechanical ventilation, but optimal management during the 
early recovery phase following discharge from the intensive 
care unit (ICU), representing the rehabilitation period, is 
challenging.13,14)

Few reports have described the physical function and 
conditions of actual nutrition delivery among COVID-19 
patients with PED during the post-extubation hospitaliza-
tion.15) We report herein on the recovery of physical function 
and nutrition management among 12 COVID-19 cases dur-
ing early post-extubation hospitalization.

CASES

Participants
This single-center case series included patients with 

COVID-19 admitted to the Critical Care Center (CCC), a 
combination unit in our institute consisting of an ICU and an 
intermediate unit, between December 2020 and September 
2021. During the study period, 306 COVID-19 patients were 
admitted to the CCC, with intubated mechanical ventilation 
performed for 22 patients. Of these, 7 patients died under 
mechanical ventilation and 3 were transferred to other hospi-
tals for ECMO. The remaining 12 patients (9 men, 3 women; 
median age, 55.6 years; interquartile range [IQR], 43.8–63.8 
years) were successfully weaned from invasive mechanical 
ventilation. None of these 12 patients had previous dyspha-
gia or neurological diseases. Activities of daily living (ADL) 
were confirmed as independent before COVID-19 infection. 
COVID-19 was diagnosed based on a positive polymerase 
chain reaction test result for severe acute respiratory syn-
drome coronavirus 2.

This study was approved by the Research Ethics Commit-
tee of St. Marianna University School of Medicine (approval 
no. 5849) in accordance with the Declaration of Helsinki. 
Written informed consent was obtained from all individuals 

included in the study.

Rehabilitation Management
During the intubation phase, particularly in the early acute 

phase, a prone position has been recommended for providing 
mechanical ventilation with administration of a muscle re-
laxant. In this phase, the prone position and sputum drainage 
were performed by a multidisciplinary team (comprising a 
doctor, nurse, and physical therapist). The prone position was 
kept to about 16 h/day and was performed for several days. 
After cessation of muscle relaxant administration, respira-
tory function was assessed daily by the physical therapist 
and doctors. Passive range-of-motion exercises were per-
formed. If a patient could follow simple instructions, active 
range-of-motion exercises were also attempted. During the 
post-extubation phase, sitting and standing, muscle strength 
training, and respiratory exercises such as huff coughing 
were prescribed. If possible, walking exercises were at-
tempted. However, daily activities were restricted to the 
bedside or within a hospital room because of the need to 
prevent nosocomial COVID-19.

To evaluate swallowing dysfunction, bedside swallowing 
evaluation (BSE) was performed by a SLP wearing personal 
protective equipment. Intake trials were performed with 
foods of different consistency, including thin liquid, nectar, 
puréed solid, and solid. All intakes were administered unless 
considered unsafe by the treating SLP. This safety deter-
mination was left to the discretion of the SLP. Fiberoptic 
endoscopic evaluation of swallowing (FEES) was performed 
by an otolaryngologist if needed after the cessation of infec-
tious risk. Occupational therapy was not prescribed because 
of COVID-19 infection control measures.

Nutrition Management
During the intubation phase, all patients were given a feed-

ing tube for enteral nutrition (EN), which was started within 
48 h, unless restrictions were in place to delay EN. Paren-
teral nutrition was considered only when caloric intake had 
been insufficient by EN alone for several days. Calories and 
proteins were prescribed based on the actual body weight of 
each patient and gradually progressed to a target for about 
3–4 days after starting EN. The prescribed target was 1.3 g/
kg per day for proteins and 70% of calculated resting energy 
expenditure (REE) for calories. These targets for daily ca-
loric and protein intakes were maintained until extubation.16)

During the post-extubation phase, the type of nutrition 
support (EN, oral intake, or both) and food consistencies 
were determined based on the BSE by a SLP. Furthermore, 
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targeted daily caloric and protein intakes were increased 
to 125% of predictive equations and 1.5–2.0 g/kg per day, 
respectively, based on the literature.16)

Data Collection: Demographics and Clinical 
Characteristics

We reviewed the following data as patient characteristics 
on admission: height and weight; and preexisting comorbidi-
ties. ICU severity was evaluated based on scores for the Acute 
Physiology and Chronic Health Evaluation (APACHE)-II 
and Sequential Organ Failure Assessment (SOFA).

We also collected additional recorded parameters such as 
the duration of invasive mechanical ventilation and post-
extubation, the use of muscle relaxant, the presence of rein-
tubation and tracheostomy, length of stay (LOS) in the CCC, 
LOS in hospital, and discharge disposition (discharge to 
home or another institution). We also reviewed whether pa-
tients were positioned prone (“proning”) during intubation. 
The P/F ratio [partial pressure of oxygen (PaO2)/fraction of 
inspired oxygen (FiO2)] was calculated for each patient prior 
to intubation.

Data Collection: Physical Function and ADL
As soon as possible after extubation, each patient was as-

sessed according to the Medical Research Council (MRC) 
scale for total muscle strength, the Functional Oral Intake 
Scale (FOIS) for swallowing function, and Barthel index for 
measuring ADL. These assessments were also conducted 
for each patient just before discharge. The MRC scale was 
evaluated by physical therapists, and the FOIS was evaluated 
by SLPs. The MRC scale score is used for manual muscle 
testing to assess the strength of the muscle groups of the up-
per and lower limbs. The total score ranges from 0 (complete 
tetraplegia) to 60 (normal muscle strength). The FOIS score 
is evaluated on the following 7-point ordinal scale: 1=nil by 
mouth; 2=tube dependent with minimal attempts of food and 
fluid; 3=tube dependent with consistent intake of food and 
fluid; 4=total oral intake of a single consistency; 5=total oral 
intake of multiple consistencies requiring special prepara-
tions; 6=total oral intake with multiple consistencies without 
special preparations, but minimal restrictions; and 7=total 
oral diet with no restrictions. FOIS levels 1–5 are considered 
as indicative of dysphagia, whereas levels 6 and 7 indicate 
functional swallowing.

Data Collection: Assessment of Malnutrition 
and Nutrition Quantification of Daily Calorie 
and Protein Intakes

We reviewed each patient’s malnutrition status based on 
the Global Leadership Initiative on Malnutrition (GLIM) 
diagnostic scheme, which includes screening, assessment, 
diagnosis, and grading of malnutrition.17) To assess nutri-
tional risk, we used the Nutritional Risk Screening-2002 
(NRS-2002) on admission.18) Body weight was measured 
at three time points: on admission, the day after extuba-
tion (post-extubation), and before discharge. Weight loss 
and body mass index (BMI) were calculated. We assessed 
phenotypic criteria for grading diagnosis and severity of 
malnutrition during hospitalization.

The total amount of daily EN during intubation was re-
viewed to calculate mean daily caloric and protein intakes. 
During the post-extubation phase, the total amount of 
nutrition administered daily was quantified and causes of 
cessation or reduction of food intake were extracted from the 
nursing chart review. In this report, indirect calorimetry was 
not used to measure the caloric intake because of the need to 
avoid infectious risk.

Statistical Analysis
Descriptive statistics are reported as median and IQR for 

continuous data. Categorical variables are presented as fre-
quency and percentage or number. Some data were compared 
using a two-tailed Wilcoxon signed rank test. A two-sided 
alpha of less than 0.05 was considered statistically signifi-
cant. Statistical analyses were completed using R statistical 
software, ver. 4.0.1 (R Foundation for Statistical Computing, 
Vienna, Austria).

Findings
Patient characteristics on admission and during the 

invasive mechanical ventilation phase are shown in Table 
1. The median P/F ratio before intubation was 118.9 (IQR, 
82.9–124.4). The NRS score (screening test) of each patient 
was 3 or 4, which indicated a risk of malnutrition; however, 
the median BMI was 25.3 kg/m2(IQR, 24.5–25.8 kg/m2) on 
admission. Weight loss and reduced muscle mass had not 
been observed in all patients until admission. Based on the 
GLIM diagnostic scheme, no patients were diagnosed with 
malnutrition on admission. All patients were treated with 
Remdesivir antiviral therapy, dexamethasone, and antico-
agulant therapy. Muscle relaxant was used in 9 patients, with 
a median duration of continuous venous muscle relaxant 
injection of 49.4 h (IQR, 24.5–53.8 h). Proning was used in 
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11 of the 12 patients (91.6%), with a median duration of 4 
days (IQR, 2.5–5.0 days). Eleven of the 12 cases experienced 
ventilation-associated pneumonia under mechanical venti-
lation. Tracheostomy was performed in 1 patient (Case 1). 
Comorbidities included diabetes mellitus in 2 patients (Cases 
2 and 4), chronic obstructive pulmonary disease in 1 patient 
(Case 1), chronic renal failure (CRF) with hemodialysis in 1 
patient (Case 2), and old myocardial infarction in 1 patient 
(Case 7).

The median duration of the post-extubation phase was 
10.5 days (IQR, 5.8–14.0 days). The median LOS in the 
CCC was 21.0 days (IQR, 18.5–29.3 days) and the median 
LOS in hospital was 21.0 days (IQR, 19.8–34.0 days). Upon 
discharge, 3 patients were discharged to home and 9 patients 
were discharged to other institutions.

The median duration between extubation and the first PED 
assessment by a SLP was 1.5 days (IQR, 0.8–3.0 days). The 
FOIS scores in 9 patients were in the range of 1–5 (indica-
tive of dysphagia); the remaining 3 patients each had a FOIS 
score of 6 (Table 2). After evaluation by a SLP, 1 patient 
experienced persistent PED and feeding tube nutrition was 
combined with oral intake until discharge (Case 4). Two 
patients showed transient PED with EN administered by 
feeding tube for several days (Cases 2 and 6). The patient 

who underwent tracheostomy (Case 1) was restricted to thick 
liquid and so took a single consistency orally combined with 
feeding tube nutrition until discharge. FEES was performed 
in only 1 case (Case 7) for vocal discomfort during the post-
extubation phase. Although vocal cord dysfunction was sus-
pected, the patient reported no concerns with dysphagia, so 
oral intake was not suspended before discharge. Among all 
patients, the median FOIS score improved significantly from 
4.5 (IQR, 3.3–5.3) at first BSE to 7.0 (IQR, 5.8–7.0; P=0.004) 
just before discharge.

The median MRC scale score on the day after extubation 
was 45.0 (IQR, 39.3–48.5) (Table 2). Eight patients were 
suspected of having ICU-acquired weakness (ICU-AW) be-
cause their MRC scores were less than 48. Six of those eight 
patients also showed affected swallowing function (Cases 1, 
3, 4, 10, 11, and 12). The median MRC scale score just before 
discharge was increased to 53.5 (IQR, 47.5–59.3). In three 
patients (Cases 1, 4, and 11), the MRC scale score was still 
less than 48 before discharge, indicating that ICU-AW had 
been prolonged. Dominant-hand grip strength was measured 
in seven patients before discharge (Cases 2, 3, 4, 5, 7, 8, and 
10). The median dominant-hand grip strength was 26.0 kg 
(IQR, 18.0–34.0 kg). The median Barthel index was 7.5 
(IQR, 0–16.3) post-extubation and increased to 72.5 (IQR, 
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Table 2. Functional recovery and ADL changes

FOIS score MRC scale score Barthel index
Case Post-extubation Before discharge Post-extubation Before discharge Post-extubation Before discharge

1 1 4 41 42 0 5
2 1 7 48 54 0 75
3 5 7 46 60 0 95
4 1 5 34 46 0 35
5 6 7 50 58 5 95
6 6 7 44 48 15 80
7 6 6 43 53 5 50
8 4 7 52 60 15 70
9 5 7 52 60 25 100
10 5 7 46 48 10 45
11 4 5 34 34 20 20
12 4 6 32 59 20 95

Sum-
mary 4.5 (3.3–5.3) 7.0 (5.8–7.0) 45.0 (39.3–48.5) 53.5 (47.5–59.3) 7.5 (0–16.3) 72.5 (42.5–95.0)

Data are summarized and displayed as median (IQR) or number.
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42.5–95.0) just before discharge (P=0.003).
The median daily caloric intake during the intubation phase 

was 1042 kcal/day (IQR, 887–1204 kcal/day), representing 
63.4% (IQR, 49.8–72.2%) of the calculated REE. The median 
daily protein intake during the intubation phase was 55.5 g/
day (IQR, 44.2–65.3 g/day), which was equivalent to 0.8 g/
kg per day (IQR, 0.5–1.0 g/kg per day). EN was temporarily 
suspended in six patients because of several complications. 
Parenteral nutrition was administered in addition to EN in 
Case 12 in an attempt to provide sufficient nutrients.

Daily caloric and protein intakes during post-extubation 
hospitalization are shown in Table 3. From the first BSE 
by a SLP, the median daily caloric intake was calculated as 
481 kcal/day (IQR, 287–675 kcal/day), which was equivalent 
to 6.9 kcal/kg per day (IQR, 3.8–10.2 kcal/kg per day). Just 
before discharge, the median daily caloric intake was evalu-
ated as 1640 kcal/day (IQR, 1496–1800 kcal/day), which 
was equivalent to 24.8 kcal/kg per day (IQR, 21.0–27.9 kcal/
kg per day). At first BSE, the median daily protein intake 
was 18.0 g/day (IQR, 8.0–33.0 g/day), which was equivalent 
to 0.3 g/kg per day (IQR, 0.1–0.5 g/kg per day). Just before 
discharge, the median daily protein intake was 70.0 g/day 
(IQR, 55.8–75.0 g/day), which was equivalent to 1.1 g/kg per 
day (IQR, 0.9–1.2 g/kg per day). Each patient was assessed 
for appetite and level of satiety. For Case 7, the dietitian pro-
posed milk and supplement jelly in addition to the ordinary 

diet to increase caloric and protein intakes. Food intake dur-
ing the post-extubation phase was halted or reduced because 
of the following reasons: Case 1, tracheostomy and sustained 
dysphagia; Case 2, gastrointestinal bleeding; Cases 4 and 
11, sustained PED; Case 5, abdominal pain caused by rectus 
sheath hematoma; Cases 5 and 10, use of non-invasive venti-
lation (NIV); Case 6, patient’s fear of aspiration; Cases 8 and 
12, loss of appetite or early satiety; Case 7, abdominal pain 
caused by subcutaneous hematoma in the left abdominal 
wall and unsuitable food consistency.

Two patients with dysphagia and ICU-AW before discharge 
(Cases 1 and 4) could not improve ADL, although adequate 
energy intake (>25 kcal/kg per day) was administered by 
enteral nutrition during the post-extubation phase. One pa-
tient (Case 11) with suspected ICU-AW and dysphagia had 
inadequate energy intake before discharge. Among patients 
without ICU-AW before discharge, those with inadequate 
energy intake (<25 kcal/kg per day; Cases 2, 7, 8, 10, 11, and 
12) tended to show lower Barthel indices than patients with 
adequate energy intake (Cases 3, 5, 6, and 9).

During hospitalization, weight loss was observed in 11 
patients, and the median percentage of weight loss was 
−8.1% (IQR, −9.8 to −7.0). The median low BMI was 23.0 kg/
m2(IQR, 22.4–23.6 kg/m2) (Table 4). Based on the GLIM di-
agnostic scheme, 10 patients were diagnosed with malnutri-
tion during hospitalization. Seven of these 10 patients (Cases 
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Table 3. Daily intake of calories and protein at first time post-extubation and before discharge

Case

Daily caloric intake  
(kcal/day)

Daily caloric intake per 
BW (kcal/kg per day)

Daily protein intake  
(g/day)

Daily protein intake per 
BW (g/kg per day)

Post- 
extubation

Before  
discharge

Post- 
extubation

Before  
discharge

Post- 
extubation

Before  
discharge

Post- 
extubation

Before  
discharge

1 500 1485 9.3 27.7 19 56 0.4 1.1
2 900 1500 12.9 21.5 57 65 0.8 1.6
3 1000 1800 15.9 28.6 63 113 1.0 1.8
4 130 1995 1.8 27.8 8 81 0.1 1.1
5 600 1800 8.8 26.4 25 75 0.4 1.1
6 1050 1800 20.3 34.7 66 70 1.3 1.4
7 180 1767 2.4 23.2 8 70 0.1 0.9
8 300 1500 3.4 17.2 0 75 0.0 0.9
9 495 2000 7.0 28.3 18 75 0.3 1.1
10 467 1353 6.8 19.6 18 53 0.3 0.8
11 300 990 4.6 15.2 0 36 0.0 0.6
12 248 1513 3.5 21.7 9 55 0.1 0.8

Sum-
mary

481  
(287–675)

1640  
(1489–1800)

6.9  
(3.5–10.2)

24.8  
(21.0–27.9)

18.0  
(8.0–33.0)

70.0  
(55.8–75.0) 0.3 (0.1–0.5) 1.1 (0.9–1.2)

Data are summarized and displayed as median (IQR) or number.
BW, body weight.
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1, 3, 4, 5, 9, 10, and 11) were classified as having moderate 
malnutrition, and 3 patients (Cases 6, 7, and 12) were clas-
sified as having severe malnutrition during hospitalization. 
Although 2 patients were not diagnosed with malnutrition, 1 
case (Case 8) had 4% weight loss and the other patient (Case 
2) had continuous renal replacement therapy to control his 
volume status during intubation and post-extubation phases.

DISCUSSION

The present case series retrospectively summarized the 
functional recovery and nutrition management among 12 
patients with critical COVID-19 during post-extubation 
hospitalization. Soon after extubation, more than half of the 
patients had a MRC scale score that was below 48, and 3 
patients remained in a state of muscle weakness before dis-
charge, diagnosed as ICU-AW. ICU-AW results from signifi-
cant muscle wastage, decreased muscle contractile strength, 
and neuropathies. The prevalence of ICU-AW in patients with 
COVID-19 has been reported as 70%–100%,19,20) which is 
higher than the rates reported for patients receiving mechani-
cal ventilation for conditions other than COVID-19.21,22) ICU-
AW is also associated with a reduced ability of or complete 
loss of volitional feeding, often resulting in reduced dietary 
intake. Inability to feed oneself independently persists well 
into the recovery phase of illness. In terms of dysphagia, 9 of 
the 12 patients (75%) were diagnosed with dysphagia based 

on the FOIS score at first BSE and dysphagia was sustained 
in 3 patients (25%). The prevalence of PED among patients 
with COVID-19 is similar to that stated in previous reports 
(22.4%–100%).4–7,23–25)

Our results demonstrated that during the post-extubation 
period, daily median caloric and protein intakes increased 
from 6.9 kcal/kg per day (IQR, 3.5–10.2 kcal/kg per day) and 
0.3 g/kg per day (IQR, 0.1–0.5 g/kg per day) at first BSE to 
24.8 kcal/kg per day (IQR, 20.1–27.9 kcal/kg per day) and 
1.1 g/kg per day (IQR, 0.9–1.2 g/kg per day), respectively, 
just before discharge. However, six patients showed caloric 
intakes that were less than 25 kcal/kg per day just before 
discharge. These cases received oral intake alone. Previous 
studies have shown that patients relying on oral diet alone 
during the early phases of ward-based recovery consume 
55%–75% of prescribed calories and 27%–74% of prescribed 
protein, further contributing to the caloric and protein defi-
ciencies commonly associated with patients in the ICU.26) In 
contrast, patients who continue to receive enteral nutrition, 
with or without oral diet, fare considerably better.8–10) These 
data suggest that prolonged tube feeding until sufficient oral 
nutrition intake is achieved should be considered as an alter-
native to usual care.16,26) In this study, two patients (Cases 
1 and 4) had both EN and oral intake. Although provision 
of nutrients was temporarily suspended during the post-
extubation phase, both patients achieved the target caloric 
intake (>25 kcal/kg per day) before discharge.
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Table 4. Body weight change, weight loss, and low BMI during hospitalization

Case Height (cm)
Weight (kg) Maximum 

weight loss 
(kg)

Weight loss 
(%)

Low BMI  
(kg/m2)On admission Post- 

extubation
Before  

discharge
1 148 56.0 53.6 50.8 −5.2 −9.3 23.2
2 172 66.0 69.8 67.4 +3.8 +5.8 22.3
3 168 68.6 62.9 63.4 −5.7 −8.3 22.3
4 172 72.8 71.9 67.0 −5.8 −8.0 22.6
5 172 73.2 68.1 68.1 −5.1 −7.0 23.0
6 160 58.4 51.8 51.6 −6.8 −11.6 20.2
7 180 81.9 76.3 73.7 −8.2 −10.0 22.7
8 177 90.8 87.2 87.4 −3.6 −4.0 27.8
9 172 75.7 70.6 70.3 −5.5 −7.2 23.7
10 173 75.5 69.0 68.7 −6.8 −9.0 23.0
11 159 70.0 65.1 65.1 −4.9 −7.0 25.8
12 173 78.4 69.8 69.4 −9.0 −11.5 23.2

Summary 172  
(162–173)

73.0  
(66.7–77.7)

69.4  
(63.5–71.5)

67.8  
(63.8–70.0)

−5.6  
(−6.8 to −5.0)

−8.1  
(−9.8 to −7.0)

23.0  
(22.4–23.6)

Data are summarized and displayed as median (IQR) or as number.
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Placement of a feeding tube in the pharynx may be useful 
for patients with sustained PED, but the feeding tube may 
cause delirium27) and eventually may cause restriction of 
early mobilization and prolonged ICU-AW. To prevent these 
symptoms, both ordinary oral intake and oral nutritional 
supplementation should be considered to maintain caloric 
and protein intakes and to avoid prolonged tube feeding. In 
one case (Case 7), oral intake supplements were prescribed 
to increase caloric intake.

Gastrointestinal bleeding and abdominal pain caused by 
abdominal wall hematoma have been reported as complica-
tions and barriers to oral intake. Venous thrombosis is one 
of the major complications in COVID-19.28) Anticoagulation 
therapy using unfractionated heparin is recommended for 
the prevention of thromboembolism, but bleeding in organs 
or other tissues occurs in 2.3%–3.8% of cases.29) In our cases, 
this therapy was stopped soon after the detection of bleeding 
and low-dose molecular heparin was adopted instead. Oral 
intake was suspended until there was no sign of extravasa-
tion bleeding. Abdominal pain resulted in appetite loss and 
nausea, which led to reduced oral intake.

NIV was another barrier to oral intake during the 
early post-extubation phase. NIV was prescribed for post-
extubation patients with sustained respiratory dysfunction 
because these patients were at high risk of PED and aspira-
tion pneumonia. Furthermore, the recommendation to start 
enteral feeding can be obstructed by the fact that placement 
of a nasogastric tube for nutrition may result in air leakage 
that may compromise the effectiveness of NIV. In addition, 
stomach dilatation from feeding may affect both diaphrag-
matic function and NIV effectiveness.30) In this case series, 
two patients were administered NIV for several days. After 
cessation of NIV, oral intake was resumed, and daily caloric 
intake was increased.

To restore lost muscle mass, enhance the recovery of 
functional muscle mass, and improve quality of life dur-
ing the post-extubation phase, the optimal caloric intake 
is considered to be 2000–4000 kcal/day or 1.7-fold above 
the REE.31,32) Nevertheless, no formal recommendations or 
guidelines on energy and protein intake have yet been de-
veloped for this phase. At present, the daily caloric intake is 
suggested to be up to 125% of targets identified by predictive 
equations or indirect calorimetry or doses of 30 kcal/kg per 
day and daily protein intake of 1.5–2.0 g/kg per day should be 
considered.16) Based on this suggestion, we administered the 
optimal oral intake for post-extubation COVID-19 patients. 
However, adequate nutrition intake was still not obtained for 
several of the aforementioned reasons. In this case series, 

most patients were diagnosed with malnutrition during 
hospitalization based on the GLIM diagnostic scheme. More 
studies are required to determine the adequate caloric intake 
for severe ARDS patients with COVID-19 and to develop an 
effective method that ensures adequate caloric and protein 
intakes.

CONCLUSION

The present case series study monitored the nutrition man-
agement and function recovery from swallowing disorder 
among 12 ARDS patients with COVID-19 during post-extu-
bation hospitalization. Although physical function improved 
in more than half of these patients during the post-extubation 
phase, malnutrition was also diagnosed in almost all patients 
during this period. More studies of nutritional management 
are required to prevent malnutrition and to enhance physical 
function during the post-extubation phase.
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