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Abstract

Background: Swallowing disorders (SDs) are frequent after extubation in intensive care unit (ICU)
exposing patients to aspiration pneumonia. There is no validated bedside swallowing evaluation (BSE)
after extubation. We aimed to evaluate the accuracy of our BSE in comparison with fiberoptic endoscopic
evaluation of swallowing (FEES) in critically ill patients after extubation, and to identify the incidence and
risk factors of SD.

Methods: After a preliminary study in a first center, we conducted a 1-year prospective study as a
validation cohort in a second center. Patients intubated for longer than 48 hours were included. Exclusion
criteria were a known laryngeal pathology, a preexisting SD and an admission for stroke. FEES of the
larynx and BSE were assessed within 24 hours after extubation to compare the accuracy of the BSE to
the FEES procedure.

Results: One hundred and twenty eight patients were included, respectively 69 and 79 in the preliminary
study and the validation cohort. Thirteen of 69 (19%) and 33/79 (42%) had SD assessed by FEES. The
area under curve (AUC) reached respectively 0.86 (95% CI 0.73-0.98) and 0.83 (95% CI 0.74-0.92).
Sensitivities were 77% (95% Cl 0.54-0.99) and 85% (95% CI 0.73-0.94), specificities 94% (95% Cl 0.87-
0.98) and 80% (95% CI 0.7-0.91), and negative predictive values (NPV) were 95% and 90% in respectively
preliminary study and validation cohort. Independent risk factors for SD were duration of intubation
(OR=1.08;95% Cl 1.02-1.17, p=0.03) and hemodynamic failure (OR=4.46; 95% CI 1.27-21, p=0.03).

Conclusion: Our BSE is accurate to detect SDs after extubation in critically ill patients and can easily be
implemented in an ICU setting.

Introduction

Swallowing dysfunction (SD) is a major issue in post-extubated patients as it can lead to aspiration,
acute respiratory failure, health-care associated pneumonia, reintubation, and, consequently, prolonged
intensive care unit (ICU) and hospital length of stay[1-3].

Several risks factors are known to increase the risk for SD including preexisting dysphagia (cancer,
surgery and irradiation of the neck), stroke and neuromuscular diseases or critical illness
polyneuromyopathy[4,5]. Patients known to have pre-existing swallowing dysfunction will be cautiously
re-fed after extubation because they are at risk of aspiration[6,7]. Nonetheless, a large proportion of
patients without any pre-existing swallowing disorders may be at risk for aspiration after extubation in
the ICU since prolonged or multiple tracheal intubation could induce laryngeal injuries and SD which can
be responsible for extubation failure[8]. Endoscopic studies have found that swallowing disorders and
aspiration in critically ill patients are frequent and have been estimated to be present in 20 to 83%[9—-13]
of patients intubated for longer than 48 hours.
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However, as emphasized in two recent reviews, there is no simple and reproducible bedside assessment
of swallowing function after extubation in the ICU setting. Furthermore, endoscopic studies have
demonstrated that expected clinical signs of aspiration such as cough, wheeze, stridor, tachypnea,
cyanosis with feeds, oxygen desaturations, and noisy or wet breathing were not present in extubated
patients with swallowing disorders and should be considered silent aspirators[14]. Currently, the most
common diagnostic test to evaluate SD is performed by a speech language pathologist although [15,16].
There is no validated and accurate clinical assessment in this specific setting[17]. Consequently,
fiberoptic endoscopic evaluation of swallowing (FEES) is considered the gold standard test to assess SD
for recently extubated survivors of critical illness[16,18]. [14].

Since there is no validated clinical assessment of swallowing function, patients at risk should be
evaluated using FEES. However, otorhinolaryngologists availability is the most important barrier for the
routine use of FEES[19], and delay in evaluating swallowing function could be responsible for denutrition,
electrolyte disturbance, necessity for feeding tube placement and increasing caregiver burden. Therefore,
the development of effective screening strategies using bedside and reproducible assessments is crucial.

Herein, we developed a new clinical bedside swallowing evaluation (BSE) after extubation of critically ill
patients. We aimed to prospectively evaluate the accuracy of our BSE in comparison with FEES as a gold
standard in critically ill patients at risk to develop swallowing disorders following endotracheal
intubation. A secondary aim was to identify the incidence of SD in this high-risk patient population and
determine the risk factors for the development of SD.

Methods
Study design

A preliminary study was carried out using a fiberoptic endoscopic evaluation of post-intubation laryngeal
injuries[8] in a 20-bed medical ICU (Hopital Européen Georges Pompidou, Paris).

Then, we performed a prospective study over a 1-year period in our Intensive Care Unit admitting mostly

medical patients at the Rennes University Hospital, a tertiary teaching hospital. This study was approved
by the hospital’s ethical committee (no. 16.143). As FEES is considered routine care in our ICU to assess

SD for recently extubated survivors of critical illness, patient informed consent was waived by the ethical
committee.

Patient eligibility

Criteria for inclusion were as follows: intubation for more than 48 h; extubation after a successful
weaning trial of 1 h through a T-piece[8]; ability to maintain a sitting position; Glasgow coma scale after
extubation of 15.

Exclusion criteria were a known laryngeal pathology, a preexisting swallowing disorder and an admission

for stroke. We also excluded all patients for whom we were unable to perform the BSE or FEES within the
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first 24 hours following extubation and all patients who refused FEES.

All patients were orally intubated with soft, high-volume, low-pressure cuffed endotracheal tube (ETT)
(Mallinckrodt Medical, Athlone, Ireland). All intubations were performed by experienced intensivists.
During the ICU stay, cuff pressures were checked every 4 h to maintain a pressure < 25 cmH,0.

Extubation procedure

Extubation was decided by the patient’s attending physician after a successful 1Th spontaneous breathing
trial. Planned extubations were performed by respiratory therapists as previously reported[8].

Bedside evaluation

According to the preliminary study, the BSE comprised a clinical evaluation of eight items as shown in
Table 1. The items included in the BSE were chosen to explore the first phases of normal swallowing[18],
according to the previous identified risk factors, and a retrospective analysis of factors present in patients
whom had a SD[8]. Thus, the oral praxis skills, salivary stasis and mobility of the tongue explore the oral
phase; tone of the flexor muscles of the neck and ability to maintain head lifted explore the pharyngeal
phase; voluntary coughing and clear voice explore the signs of aspiration; and the post-extubation stridor
explore the presence of laryngeal injuries[8]. Post-extubation stridor was defined as an audible inspiratory
wheeze after extubation. Each item was counted as one point. Therefore, the possible scores for the BSE
ranged from 0 to 8.

A bedside evaluation was conducted within 24 h after extubation by two physiotherapists and before the
FEES procedure. The BSE was performed without knowledge of the FEES results. Reproducibility of the
BSE between the two physiotherapists, several nurses and physicians was tested on the 30 first patients.

Endoscopic evaluation

A laryngeal nasofibroscopy was performed within 24 h after extubation by two experienced
otolaryngologists. The FEES procedure was performed in bed or on a chair for all patients with the back
elevated to at least 75°. A fiberoptic laryngoscope (Karl Storz Endoskope™ 11101SP, Tuttlingen, Germany,
30 cm long and of 3.5 mm diameter was used with a Karl Storz™ 11301 DF cold light supply for
illumination) was passed transnasally to the nasopharynx, oropharynx, and supraglottic area to allow
adequate visualization of the structures involved in swallowing. No topical anesthetic or other
preparation was used before placing the scope in the nose. Gastric tube, if it was present, was not
removed during the procedure. Stained liquid and semi-liquid boluses were then given. Otolaryngologists
assessed the ability to protect the airway and to uphold airway protection, the capability to clear the bolus
during deglutition, the presence of pooling and residual material in the hypopharynx. We defined
swallowing disorder (positive FEES) as a Penetration Aspiration Scale (PAS)[20] > 1 (Supplementary
Table 1). The FEES was performed after BSE, without knowledge of the BSE result[14].

Data collection
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We prospectively collected the following parameters: age, sex, body mass index (BMI), severity of illness
at admission according to the simplified acute physiological score[21] (SAPS Il) and the sequential organ
failure assessment score[22] (SOFA) at admission, main indication for intubation (neurologic failure,
acute respiratory failure, hemodynamic failure and surgery), intubation characteristics (emergency or
planned for surgery), use of sedation or myorelaxant drugs for intubation, the duration of intubation, ETT
diameter (expressed in millimeters) and patient’s height/ETT diameter ratio[8], history of self-extubation,
and the number of intubations during ICU stay before inclusion. We also recorded if patients had a shock
(a need for dobutamine, epinephrine, or norepinephrine treatment during intubation period), if they
received steroids prior to extubation (at least 50 mg equivalent of methylprednisolone per day during the
period of intubation) and their SOFA score at the day of extubation[22]. After extubation, the patients were
monitored for 28 days and the following parameters were recorded: extubation failure (defined as the
need to reintubate the patient in the first week following extubation, regardless of cause), the
development of pneumonia within 28 days after extubation[23], ICU length of stay, and vital status within
28 days after extubation.

Endpoints

The primary endpoint was the accuracy of the BSE compared to the FEES procedure. Secondary
endpoints were the incidence of SD, pneumonia and death occurrence within the 28 first days, and to
identify risk factors for SDs.

Statistical analysis

Based on the literature and our preliminary study, we hypothesized a prevalence of 0.30 and an expected
sensitivity of 0.80 with a minimal lower confidence interval of 0.6; these estimates allowed us to calculate
a sample size of 76 patients[24].

Normally distributed continuous variables are presented as the means + standard deviations (SDs),
whereas non-normally distributed data are presented as medians [Interquartile ranges (IQRs)]. Categorical
variables are presented as numbers (percentages). We identified risk factors for swallowing disorder
using univariate and multivariate analysis. The two groups (normal swallowing vs. swallowing disorder)
were compared using the Mann-Whitney test for continuous variables and a x? or Fisher's exact test when
more appropriate for categorical variables. A descendant stepwise logistic regression analysis was
performed to determine the independent factors of swallowing disorders with p=0.20 for enter. Among
related factors (SAPS Il at admission and SOFA at intubation) only the most clinically relevant (SAPS I
for severity) were included in the multivariate analysis model to minimize the effect of collinearity. Thus,
the variables entered into the multivariate analysis were SAPS Il at admission, hemodynamic failure,
intubation characteristics (emergency or planned for surgery), duration of intubation and main indication
for intubation. The findings of the FEES were considered the gold standard and were compared with the
results of BSE. Ninety-five percent confidence intervals (95% Cl) were calculated as exact binomial
confidence intervals. The accuracy of the BSE was assessed by the mean of receiver operating
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characteristics (ROC) curves and the area under curve (AUC). The threshold value of the BSE was then
determined from analysis of the ROC curves as the value that led to the best compromise between
sensitivity and specificity. Statistical analyses were performed using R 3.6.2 (R Foundation for Statistical
Computing, Vienna, Austria), and p values of less than 0.05 were considered significant.

Results

Preliminary study

During the preliminary study, 69 patients were included, 13 (19%) had SD assessed by FEES. The area
under curve (AUC) reached 0.86 (95% CI 0.73-0.98). As shown in Figure 1, the value of BSE score of zero
was determined from the ROC as the most accurate to detect a swallowing disorder, with a sensitivity of
77% (95% ClI 0.54-0.99), a specificity of 94% (95% Cl 0.87-0.98), a predictive positive value (PVV) of 75%
and a negative predictive value (NPV) of 95%.

Main study
Participants

During the one year study period, 212 patients were eligible for inclusion (Figure 2); 133 were excluded for
the following reasons: 37 (17%) patients were reintubated before both evaluations, 2 died before both
evaluations, and 8 were transferred to a different hospital before extubation. Unavailability of a FEES
operator affected 74 (55.6%) patients. Finally, 12 patients refused FEES examination before or at the
beginning of the procedure. Thus, 79 patients were included in the validation cohort. The time interval
between BSE and FEES was 6.8 + 5.7 h (mean % SD) and there was no clinical intervention between the
two tests. Of note, no FEES complications were observed.

Test results

FEES was positive for 33 patients (42%), and BSE was positive for 29 of them. The accuracy of the BSE is
shown in Figure 3. The AUC reached 0.83 (95% CI 0.74-0.92). The BSE value of zero was determined from
the ROC as the most accurate to detect a swallowing disorder, with a sensitivity of 85% (95% CI 0.73-0.94)
and a specificity of 80% (95% Cl1 0.7-0.91), a PVV of 72% and a NPV of 90%.

This study complied with the STARD guidelines on reporting accuracy studies and the reproducibility of
BSE between the physiotherapists, several nurses and physicians was tested on the 30 first patients and
reached 93%.

Risk factors for swallowing disorders

Thirty-three patients (42%) had swallowing disorders (using endoscopic criteria). The characteristics of
patients with and without SD are shown in Table 2. Swallowing disorders were significantly associated
with hemodynamic failure requiring vasopressor infusion, longer duration of mechanical ventilation and
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intubation for respiratory failure. Independent risk factors for SD were duration of intubation (OR=1.08;
95% Cl 1.02-1.17, p=0.03) and hemodynamic failure requiring vasopressor infusion (OR=4.46; 95% Cl
1.27-21, p=0.03).

28-Day follow-up

Among the study population, 10 (12.7%) patients developed pneumonia during the follow-up period. Five
had SD assessed by FEES and 5 had no evidence of SD shown by FEES. Among these 10 patients, 4 died
within the 28 first days.

Among the 33 patients who presented swallowing disorder, 5 (15%) developed pneumonia and 3 (10%)
died within the first 28 days after extubation.

Discussion

We demonstrated that swallowing dysfunction is common after prolonged tracheal intubation and can
easily be diagnosed using a simple and reliable bedside swallowing evaluation.

We found in our study that 42% of patients who were intubated for more than 48 hours presented
swallowing dysfunction. With a BSE score of zero, the AUC reached 0.86 (95% Cl 0.73-0.98) in the
preliminary study and 0.83 (95% Cl 0.74-0.92) in the validation cohort, with good sensitivities, specificities
and NPV in both cohorts. Our findings are in accordance with other studies that used FEES evaluation.
For instance, El Solh et al.[9] found that up to 50% of patients had swallowing disorders after extubation.
Among the risk factors, duration of intubation and severity at admission defined as the need for
vasopressors were associated with SD. Duration of endotracheal intubation has previously been
associated with laryngeal injuries that can promote swallowing dysfunction along with loss of muscle
strength attributable to non-use during intubation and loss of proprioception[15,25]. Furthermore, the
association between a need for vasopressor (i.e., hemodynamic failure) and swallowing dysfunction
might be explained by the effects of vasopressor therapy, which induces neuronal dysfunction that can
diminish both the sensitivity and mobility of laryngeal and pharyngeal structures[26,27]. Since SD is
frequent, the early identification of SD can reduce the occurrence of pulmonary complications after
extubation. For instance, Barquist reported the onset of aspiration pneumonia after extubation in 15% of
patients[11]. The high probability and potential severity of aspiration pneumonia emphasize the need for
the early screening of extubated patients. Furthermore, swallowing evaluation should be performed early
to limit nutrition deprivation.

Fiberoptic evaluation of swallowing (FEES) is considered the gold standard test for the assessment of SD
in recently extubated survivors of critical iliness. This technique has several advantages: First, it can be
performed at the bedside and does not require patient transportation outside the ICU. Second, it allows
direct visualization of the larynx and of the movement of the pharyngeal and glottic structures, including
the vocal cords and the proximal trachea. However, FEES has several limitations. Although it can be
considered as invasive and uncomfortable by some patients, equipment and otorhinolaryngologist
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availability are the most important barriers to the routine use of FEES. For example, a national survey in
the US showed that endoscopy is available in only 41% of hospitals caring for recently extubated
patients; furthermore, even when available, FEES is used only 15% of the time in university hospitals and
8% of the time in general hospitals[19]. Our study emphasizes this issue, as 74 (55% of the excluded
patients) patients were excluded because of unavailability of FEES operator. Consequently, a simple
clinical bedside swallowing evaluation could be of benefit for intubated patients in the ICU. First, this
evaluation is easy to implement, cost-effective and non-invasive, which could make it available in all
ICUs. Second, a systematic and accurate method of detecting swallowing disorders might decrease
aspiration pneumonia by allowing modifications of the care of these patients, such as implementing
enteral feeding tube placement and providing rapid care by speech-language practitioners. Finally, it
could allow rapid oral feeding in patients whose swallowing evaluation has been found normal. Indeed,
caloric deficit has been reported to be associated with increased nosocomial infection rates, especially
bloodstream infections[28] and pneumonia, as well as higher mortality[29], longer ICU stays, and higher
healthcare costs[30,31].

Our BSE is reproducible and accurate in detecting swallowing disorders. The high sensitivity (85%) and
specificity (80%) of our clinical BSE can allow practitioners to resume oral feeding earlier in eligible
patients and to decrease aspiration in patients who have SD. Furthermore, the good negative predictive
value (90%) of our test allows us to miss very few “aspirators” and avoid unnecessary instrumented
examination. Other studies have previously proposed bedside swallowing assessments, mainly in stroke
patients[31-33]. However, these assessments have been criticized for their poor standardization,
accuracy, and inter-rater and intra-rater reliability scores. Our study has several limitations. First, although
FEES is considered as the gold standard test to assess SD for recently extubated survivors of critical
illness, we cannot rule out missed diagnoses of SD. However, several studies have shown a better
interobserver variability and sensitivity for the detection of aspiration[34—36] for FEES than for a modified
barium swallow. Second, 133 patients were excluded mainly due to a lack of availability of
otorhinolaryngologists to perform FEES. This fact emphasizes that FEES availability is the most
important barrier to its routine use[19] ; unfortunately, however, we cannot exclude selection bias. Finally,
we did not assess the evolution of swallowing disorder using a second FEES, which could have been of
interest. Few studies have focused on the duration of swallowing disorders in survivors of critical iliness.
El Solh et al.[9] showed that at day 5 and day 14 after extubation, 40% and 14% of elderly patients had
endoscopically confirmed aspiration, respectively [25]. Another study showed an improvement in
swallowing delay in all patients at 7 days after extubation; however, swallowing function was assessed
by submental electromyogram. More recently, a retrospective cohort showed persistent swallowing
disorders in 35% of SD patients at hospital discharge[37].

Conclusion

This study presents a simple and accurate bedside swallow evaluation providing a previously unreached
level of sensitivity and specificity. We also found that swallowing disorders were independently

associated with duration of intubation and hemodynamic failure requiring vasopressor infusion. These
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findings might allow ICU practitioners to decrease aspiration in patients with swallowing disorders.
Additionally, the results might allow aspiration-related specific therapy and clinical outcomes to be
improved.
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Tables

Table 1: Clinical bedside swallowing evaluation
Normal tone of the flexor muscles of the neck 1
Clear voice 1
Ability to maintain head lifted 1
Mobility of the tongue 1
Voluntary coughing 1
Normal oral praxis skills 1
Salivary stasis 1
Post-extubation stridor 1

Table 2: Characteristics of patients with and without swallowing disorder.
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Characteristics

Male

Age, years

BMI

Shock

SAPS I

SOFA at intubation

SOFA at extubation

Intubation
Emergency

Planned

Steroid therapy

Duration of intubation, days
History of self-extubation
Number of intubations

Height/ETT ratio

Setting of intubation
Pre-hospital

Hospital
Use during intubation
Myorelaxant drug

Sedation

Main indication for intubation

No swallowing disorder

(n=46)
27 (58.7)

63 [53.5-69]

24.5[22.2-30.5]

29 (63)

49.5 [36.3-59.8]

8 [6-11]
2[0-3.8]

39 (84.8)
7 (15.2)

21 (45.7)
6 [3.3-10.8]
2 (4.3)
101-1]

230 [221.3-236.9]

3 (6.5)
43 (93.5)

46 (100)
46 (100)
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Swallowing disorder (n=33)

16 (48.5)

65 [56-70]

26.9 [23.4-30.3]
30 (90.9)

57 [38-68]

9 [8-12]

2[1-3]

32 (97)
1(3)

14 (42.4)

11 [7-20]

10)

101-2]

228.6 [217.9-235.5]

3(9.1)
30 (90.9)

31 (93.9)
31(93.9)

p value

0.4

0.41
0.5

0.01
0.14
0.18
0.48

0.16

0.8
0.001
0.8
0.63
0.85

0.9

0.9
0.9

0.04




Surgery 7 (15.2) 1(3)
Neurologic failure 20 (43.5) 9 (27.3)
Acute respiratory failure 17 (37) 18 (54.5)
Hemodynamic failure 2 (4.3) 5(15.2)

Definition of abbreviations. BMI = Body mass index, SAPS = Simplified Acute Physiologic Score, SOFA =
Sequential Organ Failure Assessment, ETT = Endotracheal Tube. Data are median [interquartile range] for
continuous variables and number (%) for categorical variables.

Figures
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Figure 1
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Receiver-operating characteristics (ROC) plot of the preliminary study. True positive fraction is plotted on
y-axis and the true-negative fraction is plotted on x-axis. The BSE threshold value of 0 was determined as
the most accurate to detect a SD.
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Figure 2

Diagram flowchart of patients.
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AUC = 0.83 (95% CI1 0.74-0.92)
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Figure 3
Receiver-operating characteristics (ROC) plot of the main study (validation cohort). True positive fraction

is plotted on y-axis and the true-negative fraction is plotted on x-axis. The BSE threshold value of 0 was
determined as the most accurate to detect a SD.
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