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Abstract

Background: Few studies have evaluated the prevalence of post-extubation dys-
phagia and associated factors in patients with coronavirus disease 2019 (COVID-
19) . Our study assessed the prevalence of post-extubation dysphagia and body
composition in patients with COVID-19 discharged from an intensive care unit
(Icu).

Methods: A prospective cohort study was performed in post-ICU extubated
patients with acute respiratory distress syndrome related to COVID-19 in two
referral hospitals. A total of 112 patients were evaluated and included; swallow-
ing assessment and bioelectrical impedance analysis (BIA) were performed after
extubation and discharge from the ICU. To identify associations between dys-
phagia, lower phase angle (PhA) (<4.8°) and hydration (extracellular water/total
body water < 0.390) logistic and linear regression analyses were conducted.
Results: The incidence of post-extubation dysphagia was 41% (n = 46). From
these, 65% (n = 30) had severe swallowing impairment. Overhydration and PhA
were significantly different in patients with dysphagia, and segmental hydration
in the trunk and legs was higher than in arms. PhA <4.8° (odds ratio [OR], 12.2;
95% CI, 4.3-34.1; P < .05) and overhydration measured by BIA (OR, 9.1; 95% CI,
3.4-24.5; P < .05) were associated with post-extubation dysphagia in multivariate
analysis. PhA (<4.8°) was associated with a lower rate of swallowing recovery at
hospital discharge (log-rank test = 0.007).

Conclusions: A high incidence of post-extubation dysphagia was found in
patients with COVID-19. Low PhA and overhydration were associated with the
presence of dysphagia. Lower PhA was an independent factor for swallowing
recovery at discharge.
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INTRODUCTION

One of the main concerns of coronavirus disease 2019
(COVID-19) is the progression to respiratory failure.! It has
been documented that severe patients develop acute respi-
ratory distress syndrome (ARDS) and may need an inten-
sive care unit (ICU).> Additionally, it has been reported
that the prevalence of patients requiring mechanical ven-
tilation (MV) could be around 43%-69%.°> Unfortunately,
intubation and MV are associated with the risk of swal-
lowing impairment,* and post-extubation dysphagia is
observed in 30%—-62% of the general population at the ICU,
which may require modified-texture diets or enteral tube
feeding to make food intake safer when severe swallowing
impairment is present.>®

Dysphagia is associated with compromised patient
outcomes, including malnutrition, sarcopenia, aspiration
pneumonia, prolonged length of stay (LOS), and increased
mortality risk.” The intubation process, post-extubation,
critical illness, use of tracheostomies, and delirium appear
to be common variables in these patients; however, the
causes, prevalence, and management of dysphagia in
patients with COVID-19 are yet to be understood. In post-
extubation patients, a systematic swallowing assessment
is necessary to identify those dysphagia cases and prevent
worsening outcomes correctly. Nonetheless, this assess-
ment in patients with COVID-19 represents a significant
challenge because of the high-risk situation for health-
care professionals, as it is considered an aerosol-generating
procedure.®

Any healthcare provider who cares for patients with
COVID-19 has to perform their interventions to patients
in a way that minimizes the risk of contagion and spread-
ing the disease to other patients, coworkers, and people
near them. Therefore, the use of technologies such as bio-
electrical impedance analysis (BIA) offers an advantage in
the nutrition assessment of patients, given the minimum
time of contact required to perform it. BIA is a noninva-
sive technique used to estimate body composition through
resistance and reactance mechanisms. It has been rec-
ognized as an excellent alternative to dual-energy x-ray
absorptiometry.”'? One of the useful parameters that BIA
gives is phase angle (PhA), an important prognosis indi-
cator and a marker of cell membrane integrity.!! A lower
PhA is consistent with muscle mass loss, cell breakdown,
and the cell aging process, whereas higher PhA is associ-

ated with large quantities of healthy cell membranes and
body muscle mass.'!?

To our knowledge, few studies have evaluated the preva-
lence of post-extubating dysphagia and associated factors
in patients with COVID-19. Therefore, our study aimed
to assess the prevalence of post-extubation dysphagia and
body composition in patients with COVID-19 discharged
from an ICU.

MATERIALS AND METHODS

A prospective cohort study was performed in post-ICU and
extubated patients with ARDS related to COVID-19 in two
referral centers. The study was conducted from September
to December 2020. Swallowing assessment and BIA anal-
ysis were performed on the same day once patients were
extubated and discharged from the ICU. Demographic and
clinical parameters were obtained from the electronic file.
Patients were informed about the study and the procedure
of the utilized techniques, and those who agreed to par-
ticipate in the study were screened and evaluated. This
work has been carried out in accordance with the Code
of Ethics of the World Medical Association and the Clin-
ical Research and Bioethics Committee. The study was in
adherence to the Declaration of Helsinki.

Swallowing function

At extubation time, the Yale Swallow Protocol was
performed."® The criteria for success were uninterrupted
drinking (assisted or independent) of 89 ml of water from
a cup without coughing. Criteria for failure were inabil-
ity to drink the entire amount, interrupted drinking, or
coughing during or immediately after drinking. A trained
researcher performed a volume-viscosity swallow test (V-
VST)™ in patients who failed the test.

The V-VST assesses the ability to drink safely and effec-
tively with different types of viscosity and volume. The
following clinical signs of ineffective swallowing were
observed during the test: impaired labial seal, oral residue,
and multiple swallows per bolus. According to V-VST, the
following clinical signs of unsafe swallowing are voice-
quality changes, cough, or decrease in oxygen saturation
>3% to detect silent aspiration if a patient presented a
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decline of >5% in oxygen saturation. If any of these were
observed, the test was interrupted because of the high risk
of aspiration.

Body composition analysis

Patients were first weighed with a chair scale (SECA
954; SECA Co, Hamburg, Germany); afterward, the body
composition analysis was performed using multifrequency
BIA equipment (InBody S10; InBody Co, Ltd, Seoul,
Korea) with the standard technique. All participants were
supine with limbs slightly spread apart from the body.
The area where the electrodes were to be placed was
cleaned with alcohol, and then the electrodes were placed
on both hands and feet according to the manufacturer’s
instructions (InBody Co). A standardized healthcare pro-
fessional performed the study using the same device to
avoid interobserver and interdevice variability. The InBody
S10 uses segmental impedance and reactance at multiple
frequencies to determine total body water (TBW), (seg-
mental) extracellular water (ECW), and the individual
ECW/TBW ratio. High-frequency currents pass predomi-
nantly through the TBW, whereas low-frequency currents
cannot penetrate cell membranes and flow predominantly
through the ECW. A standardized ECW/TBW ratio of 0.380
is the reference value for normal hydration. An ECW/TBW
ratio >0.380 is considered an overhydration status.”” In
addition, a 50-kHz PhA was assessed. A PhA <4.8°
is considered an independent predictor of mortality in
the ICU.'

Statistical analysis

Data are presented as mean + standard deviation or
median with interquartile range (25th-75th percentile)],
depending on its distribution. The Shapiro-Wilk or
Kolmogorov-Smirnov test for the proper parametric or
nonparametric test was performed. A Student f-test or
Mann-Whitney U test was used for continuous variables to
compare groups with dysphagia and those without dyspha-
gia. Categoric variables are presented as percentages and
proportions between groups and were compared using the
chi-squared test. We hypothesized that there would be an
association between age, MV, PhA, and dysphagia. A logis-
tic and linear regression analysis was conducted to iden-
tify potential associations between dysphagia with lower
PhA (<4.8°) and hydration. A P-value <.05 was considered
statistically significant. Additional analysis was performed
to separate survival analysis regarding the time to swal-
lowing recovery associated with PhA using log-rank test;

Kaplan-Meier curves are displayed for most significant
results.
The data were analyzed using SPSS, version 25.

RESULTS

A total of 112 patients were evaluated and included in this
study, the mean age of the patients was 54 + 12 years, and
18% (20 of 112) were female. Table 1 shows the demograph-
ics and clinical characteristics of our study population. The
incidence of post-extubation dysphagia at the evaluation
was 41% (46 of 112). A total of 65% (30 of 46) of the patients
had severe swallowing impairment, and a feeding tube was
placed to feed and hydrate the patient. The mean dura-
tion of MV of the study population was 20 + 9 days. The
most common comorbidities among patients with COVID-
19 were diabetes mellitus, hypertension, and obesity.

A statistically significant difference was found in age,
days of MV, and frequency of tracheal cannula placement
between dysphagia patients and those with safe swallow-
ing. In the BIA measurements, the PhA in the dysphagia
patients group was lower than that in the nondysphagia
group (4.0° = 1.0° vs 5.2° + 0.9°, P < .001). The frequency
of overhydration measured by BIA analysis was higher in
the dysphagia group. The anthropometric variables such
as weight, body mass index, and weight loss were similar
between study groups, and no statistically significant dif-
ference was found. The LOS of all patients was 28 + 17 days;
the dysphagia group had a higher LOS compared with the
nondysphagia group (36 + 20 vs 22 + 11 days, respectively;
P < .001).

Additionally, we evaluated PhA and overhydration in
each segment of the body (arms, trunk, and legs) and
assessed whether there was a difference between those
with or without dysphagia (Figure 1).

The factors associated with dysphagia are presented in
Table 2. In the bivariate analysis, age >60 years, MV, LOS,
PhA <4.8°, and overhydration measured by BIA analy-
sis were associated with the presence of dysphagia; when
results were adjusted by age and sex, only PhA <4.8°
and overhydration measured by BIA analysis were asso-
ciated with post-extubation dysphagia in the multivariate
analysis.

Finally, a Kaplan-Meier analysis is presented in Figure 2
and shows that a lower PhA (< 4.8°) was associated with
a lower rate of swallowing recovery at the time of hospi-
tal discharge compared with those patients with higher
PhA (log-rank test = 0.007). A total of 69% (n = 30) of
the patients diagnosed with swallowing impairment at the
time of extubation persisted with swallowing abnormali-
ties at the time of hospital discharge.
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TABLE 1 Demographics and clinical characteristics of study patients at extubation time
Dysphagia group, Nondysphagia
Total, n = 112 n =46 group, n = 66 P-value
Sex*

Males, n (%) 92 (82) 36 (78) 56 (85) 37
Age, years® 54+12 38+11 50+11 <.001
Comorbidities, n (%)*

Diabetes mellitus 51(46) 22 (48) 29 (43) .68

Hypertension 49 (44) 19 (41) 30 (46) .66

Obesity 35(30) 14 (34) 20 (33) 89

Chronic kidney disease 3(3) 2(3) 3(3) .73
Clinical variables

MV, days 20+ 9 28 + 20 14+8 <.001

Tracheal cannula placement, n (%) 17 (15) 16 (35) 1(2) <.001

Weight at admission,® kg 86 + 21 84 +24 88 +17 .53

Height,” cm 164 +9 163 +10 166 + 9 .28

BMI," kg/m? 29+59 30 +6.8 29+6.2 .66

Weight at extubation,” kg 79 +19 78 +21 80 +17 .66

Weight loss,” kg 8+59 7452 9+6.5 91
BIA measurements

PhAS® 48+ 11 4.0 +0.96 52+0.93 <.001

ECW/TBW? 0.395 + 0.138 0.402 + 0.014 0.389 £ 0.010 <.001

Abbreviations: BIA, bioelectrical impedance analysis; BMI, body mass index; ECW/TBW, extracellular water/total body water ratio; MV, mechanical ventilation;

PhA, 50-kHz phase angle.
2Proportions were compared by using the chi-squared test.
bA t-test was used for comparisons between groups.

DISCUSSION

This work describes the frequency of post-extubation dys-
phagia and factors associated with patients diagnosed
with COVID-19 who were discharged from an ICU. As
we expected, a high prevalence of dysphagia was found;
41% of the patients had swallowing impairment at the
time of extubation. Although there are few data on post-
extubation dysphagia in patients with COVID-19, we can
compare the findings to some results found in the related
literature.”!” Dawson et al found a prevalence of oropha-
ryngeal dysphagia of 50% in post-ICU hospitalized patients
who were admitted because of COVID-19.” A higher
incidence of dysphagia is seen in patients with severe
COVID-19 than in patients with other conditions at the
ICU, probably related to a higher requirement for MV, as
Zuercher et al found when evaluating dysphagia risk fac-
tors after MV."® Our study found that patients with dys-
phagia had a higher MV requirement than the nondys-
phagia group. Age has always been an essential factor
associated with changes in the swallowing process.'”~?! In
concordance, we found that age was associated with the
presence of post-extubation dysphagia.

Nutrition status and swallowing function are usually
related, especially when there is a loss in muscle mass.?
For this reason, we were interested in analyzing the body
composition by BIA to assess whether lower muscle mass
index could be associated with the presence of dysphagia.
However, given that there was a significant difference
between groups in the relation between ECW and TBW,
the evaluation and measurement of the muscle mass
index could not be determined because of the high risk of
bias on the muscle mass results. Our results of ECW/TBW
ratio are slightly less than those reported by Moonen
et al, who found an overall ECW/TBW ratio of 0.40
(0.39-0.40), but this could be because our measurements
were performed after patients were discharged from the
ICU, whereas Moonen et al performed measurements
at the time of admission.® To our knowledge, this is
one of the first studies that showed by segments a body
composition analysis of ECW/TBW ratio and PhA. In the
case of ECW/TBW ratio, we could identify that patients
without dysphagia were slightly overhydrated in the legs
and trunk but with normal ECW/TBW ratio in the arms;
by contrast, in those with dysphagia, both arms were
slightly overhydrated, whereas the trunk and legs were
overhydrated.
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FIGURE 1
(B) in patients with and without dysphagia. Patients without
dysphagia (WOD) had better hydration and PhA in all the segments
compared with patients with dysphagia (WD). Segmental body
water and PhA differ between patients WD or WOD, and upper
extremities had less overhydration than the trunk and lower
extremities. *P < .05, **P < .01, and ***P < .001. ECW/TBW,
extracellular water/total body water ratio

Segmental water ratios (A) and phase angle (PhA)

TABLE 2 Factors associated with dysphagia
Multivariate
Bivariate analysis  analysis”
OR 95% CI OR 95% CI
Age (>60 years) 2.6 1.2-5.9*
MV (days) 124  3.4-459°
LOS (days) 5.7 1.2-27.8%
PhA (<4.8°) 15.2 5.6-41.4* 12.2 4.3-34.1*
Overhydration 18.0 5.4-60.8" 9.1 3.4-24.5"

Abbreviations: LOS, length of stay; MV, mechanical ventilation; PhA, phase
angle.

2Significant P-value < .05.

®Multivariate analysis adjusted by sex and age.

Furthermore, and as an important variable, we observed
a lower PhA in the dysphagia group than in the nondys-
phagia group, highlighting the relevance of this parameter
as a prognosis survival factor.”® These results are similar
to what we previously reported when we evaluated the
impact of a modified diet on patients with dysphagia
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FIGURE 2 Phase angle (PhA) related to the length of stay and

restitution of oral intake. The black line represents those with a PhA
lower than 4.8°, whereas the gray line represents those with a PhA
over 4.8°

for whom the baseline PhA was 4.2° and those results
found by Moonen et al and Cornejo-Pareja et al in recently
admitted patients with COVID-19 who had PhAs of 4.5°
and 4.4°, respectively.'>?*? Interestingly, when segmental
PhA analysis was performed, we did find a difference
between patients with or without dysphagia, in which
all segments of the dysphagia group were under 4.8°, but
there was no difference between segments in any of the
groups.

Additionally, our results show that a lower PhA (<4.8°)
was a predictor of swallowing impairment at the discharge
time. Interestingly, a high percentage of patients with
low (<4.8°) PhA still had swallowing impairment at the
time of hospital discharge compared with patients with a
higher PhA (>4.8°). These findings suggest that the sever-
ity and some factors related to the body composition before
admission are important to recovery and the prognosis of
patients with severe COVID-19.

This study has some limitations; first, the evaluation of
body composition at the time of admission was not possi-
ble because of the condition of the patients. Another lim-
itation was that the protection equipment available to the
healthcare providers was limited at the time, making it dif-
ficult to assess more patients. Finally, because of the loss in
muscle strength of many patients after an extended stay in
the ICU, some patients could not be weighed and there-
fore were not included in this study. Further studies that
include more patients are needed to analyze other factors
associated with post-extubation dysphagia adjusted with
other variables, such as comorbidities, previous body com-
position, or previous muscle mass index.

This study highlights the importance of swallowing eval-
uation at extubation time in patients with COVID-19. A
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high incidence of post-extubation dysphagia is found in
patients with severe COVID-19 compared with patients
with other conditions at the ICU. Specific interventions
such as nutrition support and rehabilitation are highly rec-
ommended in patients with swallowing impairment due to
COVID-19. These interventions are necessary to improve
prognosis as restitution to total oral intake and improve the
COVID-19 survivors’ quality of life.
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