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Abstract
Background: Post-extubation dysphagia (PED) is recognized as a common complication in the intensive
care unit (ICU). Speech and language therapy (SLT) can potentially help improve PED; however, the
impact of the timing of SLT initiation on persistent PED has not been well investigated. This study aimed
to examine the timing of SLT initiation and its effect on patient outcomes after extubation in the ICU.

Methods: We conducted this multicenter, retrospective, cohort study, collecting data from eight ICUs in
Japan from patients treated between 2017 and 2020. Patients aged ≥ 20 years with orotracheal
intubation and mechanical ventilation for longer than 48 hours, and those who received SLT due to PED,
de�ned as patients with modi�ed water swallowing test scores of 3 or lower, were included. The primary
outcome was dysphagia at hospital discharge, de�ned as functional oral intake scale score <5 or death
after extubation. Secondary outcomes included dysphagia or death at the seventh, 14th, or 28th day after
extubation, aspiration pneumonia, and in-hospital mortality. Associations between the timing of SLT
initiation and outcomes were determined using multivariable logistic regression.

Results: Two hundred and seventy-two patients met the study inclusion criteria. Of them, 82 (30.1%)
patients exhibited dysphagia or death at hospital discharge, and their time spans from extubation to SLT
initiation was 1.0 days. The primary outcome revealed that every day of delay in SLT initiation post-
extubation was associated with dysphagia or death at hospital discharge (adjusted odds ratio (AOR),
1.09; 95% CI, 1.02 to 1.18). Similarly, secondary outcomes showed associations between this per day
delay in SLT initiation and dysphagia or death at the seventh day (AOR, 1.28; 95% CI, 1.05 to 1.55), 14th
day (AOR, 1.34; 95% CI, 1.13 to 1.58), or 28th day (AOR, 1.21; 95% CI, 1.07 to 1.36) after extubation and
occurrence of aspiration pneumonia (AOR, 1.09; 95% CI, 1.02 to 1.17), while per day delay in post-
extubation SLT initiation did not affect in-hospital mortality (AOR, 1.04; 95% CI, 0.97 to 1.12).

Conclusions: Delayed initiation of SLT in PED patients was associated with persistent dysphagia or
death. Early initiation of SLT may prevent this complication post-extubation.

Background
Approximately 13 to 20 million critically ill patients are intubated in the intensive care unit (ICU) every year
[1]. Post-extubation dysphagia (PED), the inability to swallow food or liquid following extubation, is a
major complication among patients in the ICU [2,3]. An early study estimated its incidence as up to 62%
of critically ill patients with recent prolonged intubation [3]. Importantly, a study showed that 87% of
patients with PED failed to recover from dysphagia at ICU discharge, and 64% of those patients had
persistent swallowing disorders at hospital discharge [4]. Even at six months, 23% of PED patients still
experienced dysphagia [5]. Additionally, PED can negatively impact patient outcomes, leading to longer
hospital length of stay, aspiration pneumonia, re-intubation, need to place feeding tubes, and higher
mortality rate [4,6,7,8]. These �ndings emphasize the importance of multidisciplinary efforts in the early
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recognition and management of PED; however, to date, limited evidence exists to treat this pathology in
the ICU.

A recent meta-analysis showed that swallowing treatments had a signi�cant effect on reducing the risk
of developing pneumonia in the critical care setting [9]. However, most data were derived from stroke
patients treated with electrical stimulation. Speech and language pathologists (SLPs), experts in the
treatment of communication disorders or swallowing impairments, primarily evaluate and manage
patients with dysphagia in the ICU [10,11]. Although SLPs are supposed to play a critical role in treating
this complication, the optimal timing of interventions for PED patients by SLPs is still unclear. Early
intervention by SLPs may cause a transient decrease in oxygen saturation and subsequent aspiration
pneumonia, while delay in interventions may result in less effectiveness and worse functional outcomes
[9]. Some patients even recover without any speci�c treatment. These clinical concerns are causing a
con�ict between recovery of swallowing function and the risk of aspiration in the absence of any
established evidence for this issue. More importantly, potential barriers to the care of PED patients might
stem from the fact that this complication is still under-recognized and less of a focus among ICU staff
[2,12].

Therefore, we hypothesized that the timing of swallowing therapy by SLPs would affect the outcomes of
PED patients. Accordingly, this study aimed to investigate distributions of the timing of swallowing
therapy initiation by SLPs and evaluate its impact on the swallowing function of PED patients. 

Methods
The study was approved by the Ethics Committee of Okayama Saiseikai General Hospital (approval
number: 210506), and it conforms to the provisions of the Declaration of Helsinki. Patient consent was
waived for all participants enrolled in this study because of the retrospective study design. This study
was conducted following the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines.

Study Design and Setting

This multi-center, retrospective, cohort study was performed using data from the electronic medical
records of patients admitted to the ICUs of �ve tertiary and three community hospitals inJapan from
January 2017 to December 2020. The �ve tertiary hospitals included Kameda Medical Center in Chiba,
Seirei Hamamatsu General Hospital in Shizuoka, Nagoya Medical Center in Aichi, Hokkaido Medical
Center in Hokkaido, and Nara Prefecture General Medical Center in Nara. The three community hospitals
included Okayama Saiseikai General Hospital in Okayama, Misato Kenwa Hospital in Saitama, and
Okayama Rosai Hospital in Okayama.The detailed characteristics of the institutions are shown in
Additional File 1.

Study Population 
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All patients aged ≥ 20 years were eligible if they required orotracheal intubation and mechanical
ventilation for longer than 48 hours and were treated for dysphagia by SLPs because of a lower modi�ed
water swallowing test (MWST) score following extubation (described below). To focus on the patients
with PED, those admitted to the ICU due to cerebrovascular disease, those who required tracheostomy,
and those with pre-existing dysphagia were excluded. Patients with treatment restrictions, ICU
readmissions, and incomplete primary outcome data were also excluded. Patients’ dysphagia was
determined to be pre-existing if they had a history of aspiration pneumonia, frequent episodes of cough
upon liquid consumption or food sticking in the throat, or required dietary modi�cation before hospital
admission. Nurses routinely assessed post-extubation swallowing function using a bedside swallowing
screening. Brie�y, the MWST was used to evaluate and score swallowing on a scale of 1 to 5 by having
the patient swallow 3 mL of water. The MWST scores were de�ned as follows: 1. no drinking with
choking and/or respiratory distress; 2. drinking and respiratory distress; 3. drinking and choking and/or
hoarseness without respiratory distress; 4. drinking without choking and respiratory distress; and 5.
drinking without choking and respiratory distress, plus able to perform two repetitive dry swallows within
30 seconds [13,14]. Patients with MWST scores of 3 or lower, which were associated with a greater risk of
aspiration pneumonia, were subjected to swallowing therapy by SLPs [13,14]. The timing of speech and
language therapy (SLT) initiation was determined based upon the intensivist’s or attending physician’s
discretion.

SLT and Exposures

 In this study, SLT was de�ned as at least one unit (equal to 20 min) of rehabilitation conducted by SLPs
during hospitalization [15]. The sessions included swallowing and/or compensatory rehabilitation
strategies, both of which are common approaches to treating dysphagia [16]. Swallowing rehabilitation
involved traditional swallowing exercises to restore the strength and coordination of the tongue,
pharyngeal, and laryngeal muscles, as well as respiratory muscle strength training. Swallowing
compensatory strategies refer to bolus modi�cation (i.e., texture, volume, and consistency),
environmental arrangement, or maintaining proper posture of the head, neck, and body before
swallowing [9]. During hospitalization, SLPs were primarily responsible for modifying the diet, changing
maneuvers, or making decisions to restrict oral intake when necessary. The main exposure was the days
from extubation to SLT initiation. These data were obtained from electronic medical records.

Data Collection 

We collected the following data from patients’ medical records: demographics (age, gender, and body
mass index (BMI); comorbidities based on Charlson Comorbidity Index scores, including pre-existing
dementia and cerebrovascular disease; ICU admission source (outpatient, emergency department, general
ward, transfer from another hospital); ICU admission category (cardiovascular, pulmonary,
gastrointestinal, trauma, or other); ICU admission type (medical or surgery); presence of sepsis or septic
shock based on Sepsis-3 criteria; Acute Physiologic and Chronic Health Evaluation (APACHE) II scores;
sequential organ failure assessment (SOFA) scores at ICU admission; the presence of delirium and SOFA
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score on the day of extubation; MWST score following extubation; duration of mechanical ventilation; use
of vasopressor, intra-aortic balloon pump (IABP), extracorporeal membrane oxygenation (ECMO), or renal
replacement therapy (RRT); data on enteral nutrition (EN) and parenteral nutrition (PN) and SLT (timing,
frequency, swallowing and/or compensatory rehabilitation); duration of oral intake after extubation; and
outcomes including functional oral intake scale (FOIS) score (see below) at hospital discharge and on the
seventh, 14th, and 28th day after extubation, aspiration pneumonia after extubation, in-hospital mortality,
and length of ICU and hospital stay.

Outcomes

The primary outcome was dysphagia or death at hospital discharge. Dysphagia was de�ned as FOIS
score < 5, which represents a severely impaired oral intake [17,18]. The FOIS, a validated and reliable
scale for measuring dysphagia, was examined by the treating SLPs. Scores range from 1 (nothing by
mouth) to 7 (total oral diet with no restrictions), with higher scores indicating better swallowing function
[17]. Secondary outcomes included dysphagia or death at the seventh, 14th, and 28th day after
extubation, aspiration pneumonia following extubation, and in-hospital mortality.

Statistical Analyses

Continuous variables are presented as median and interquartile ranges (IQRs), while categorical variables
are presented as numbers and percentages. To assess the impact of timing of SLT initiation on patient
outcomes, multivariable logistic regression was performed, adjusting for covariates including institutions,
age, ICU admission type, comorbidities including pre-existing dementia and cerebrovascular disease,
duration of mechanical ventilation, delirium on the day of extubation, SOFA score on the day of
extubation, EN, and PN. These variables were essentially selected based on the results of previous studies
and our clinical interests [19]. The results were expressed as odds ratios (ORs) and 95% con�dence
intervals (CIs). 

We then performed �ve sensitivity analyses. 1) We used alternative de�nitions of dysphagia as FOIS
score < 6 (total oral diet with multiple consistencies, without special preparation but with speci�c food
limitations) according to the previous study [20]. 2) We excluded patients who received gastrointestinal
surgery to avoid possible confounding by oral intake restrictions. 3) We excluded those who died after
extubation and received SLT because the association between dysphagia and fatality is assumed to be
bidirectional: dysphagia can result from fatality. 4) To address other potential confounders of dysphagia,
we selected different covariates to assess the robustness of our �ndings. In Model 2, gender, age, BMI,
SOFA score at ICU admission, sepsis, and MWST score were added. Model 3 incorporated the duration of
mechanical ventilation, vasopressor, ECMO, IABP, RRT, EN, and PN. 5) We conducted an analysis dividing
the patients into three groups based on the time interval from extubation to SLT initiation to reassess the
outcomes. 

A p-value of <0.05 was considered statistically significant. Statistical analysis was performed using
Stata version 17 (StataCorp LP, College Station, TX).
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Results
During the four-year period, 963 adult patients (age ≥ 20 years) with MWST scores ≤ 3 following
extubation from mechanical ventilation for more than 48 hours were identi�ed. After excluding cases
(n=691), 272 patients were included in our study cohort (Figure 1).

The demographics and clinical characteristics of the participants are listed in Table 1. The median age of
the participants was 74 years old (IQR 65–81); 188 (69.1%) were men and 84 (30.9%) were women. The
prevalence of pre-existing dementia and cerebrovascular disease was 14.3% (39/272) and 12.1%
(33/272), respectively. The numbers of ICU admissions related to cardiovascular, respiratory, and
gastrointestinal disease were 34 (12.6%), 88 (32.7%), and 56 (21.9%), respectively. Of the 272 patients
included in the study, more than half had sepsis or septic shock; 114 (42.1%) underwent surgery. The
patients were severely ill as shown by a median SOFA score of 8 (IQR 6–10) and a median APACHE 
score of 23 (IQR 17–29) at ICU admission. The median duration of mechanical ventilation was 5.3 days
(IQR 3.3-7.5). The swallowing assessment and characteristics of SLP intervention are shown in Table
2. The median MWST score on the �rst day of swallow screening was 3 (IQR 2–3). The median intervals
from extubation to SLT initiation and oral intake were one day (IQR 0.3-2.2) and four days (IQR 2–9),
respectively. Figure 2 describes the proportion of patients presenting with dysphagia or death at
discharge based on the number of days from extubation to SLT initiation, indicating that the longer the
interval between extubation and SLT initiation, the more likely that dysphagia or death occurred. Although
there was a slight increase over time in the number of patients who died after initiating SLT, Figure 3
demonstrates a gradual improvement of swallowing function: median FOIS scores on the seventh, 14th,
and 28th days after extubation and at hospital discharge were 4 (IQR 1-5), 4 (IQR 2-6), 5 (IQR 3-6), and 6
(IQR 5-7), respectively. The prevalence of dysphagia or death at hospital discharge was 30.1% (82/272)
(Table 3). Table 3 demonstrates the association of SLT initiation timing and outcomes. After adjusting for
covariates, the primary outcome revealed that every day of delay in SLT initiation after extubation was
associated with dysphagia or death at hospital discharge (adjusted odds ratio (AOR), 1.09; 95% CI, 1.02
to 1.18). Similar results were obtained at different time-points; on the seventh day (AOR, 1.28; 95% CI,
1.05 to 1.55), 14th day (AOR, 1.34; 95% CI, 1.13 to 1.58), and 28th day (AOR, 1.21; 95% CI, 1.07 to 1.36)
after extubation. In addition, the timing of SLT initiation (per day delay) was associated with the
occurrence of aspiration pneumonia (AOR, 1.09; 95% CI, 1.02 to 1.17), but it was not associated with in-
hospital mortality (AOR, 1.04; 95% CI, 0.97 to 1.12). 

In the sensitivity analysis, our results were unaffected by alternating the de�nition of dysphagia
(Additional File 2), excluding the patients who had gastrointestinal surgery (Additional File 3), excluding
those who died after SLT (Additional File 4), or developing other models using different covariates
(Additional File 5). Similarly, those who started SLT within one day after extubation were associated with
a decrease in dysphagia or death at hospital discharge and aspiration pneumonia (Additional File 6). 

Discussion
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In this multicenter retrospective cohort study conducted on data from patients treated in the ICUs of eight
hospitals in Japan, we evaluated the timing of SLT initiation after extubation and dysphagia or death. We
found that more than half of the patients with PED were provided SLT within 24 h after extubation. A
delay in initiation of SLT post-extubation was associated with dysphagia or death at hospital discharge.
Our �ndings suggest that initiation of SLT within 24 h after extubation in patients with swallowing
disorders might be preferable in terms of preventing this important complication in the ICU.

The underlying pathophysiological mechanism of PED is multifactorial, including direct trauma,
neuromyopathy as part of ICU-acquired weakness, impaired oropharyngeal and laryngeal sensation,
altered level of consciousness, gastroesophageal re�ux, and discoordination of breathing and
swallowing [10,19,21]. Given these proposed mechanisms, early intervention against PED is a potential
e�cient strategy, similar to how early mobilization appears to prevent the development of ICU-acquired
weakness [22]. Although several studies have shown a favorable e�cacy of swallowing and oral care or
speech therapy delivered by specially-trained nurses or SLPs on PED [20,23], optimal timing for the
initiation of SLT has not been explored. Several studies have looked at the timing of dysphagia
assessment or SLT among non-PED patients. In a large prospective cohort study, delays in dysphagia
screening were associated with a greater risk of pneumonia in acute stroke patients [24]. It was
speculated that this phenomenon resulted from inappropriate initiation of oral intake or delayed care for
ongoing dysphagia. Moreover, a previous study reported that early oral care and SLT (within 24 h after
admission) improved swallowing function and survival after hemorrhagic stroke [25]. Another
investigation also showed similar results, where an early intervention group (three days after stroke) had
better swallowing performance compared a late post-stroke intervention group [26]. Early initiation of SLT,
as shown in our study, may be a bene�cial strategy to improve swallowing dysfunction and prevent
subsequent adverse events post-extubation in critically ill patients. 

Although detailed time metrics were not available, SLT was provided later than 24 h after extubation
during the ICU stay in past studies [8,20]. In these studies, more than half of the patients with dysphagia
received their �rst SLT session within 24 h following extubation. It might be challenging to initiate SLT
within this timeframe in terms of clinical feasibility and given the expectation of recovery from dysphagia
within 24 to 48 h post-extubation [27,28,29]. Nonetheless, this strategy of early SLT initiation might have
contributed to early resolution of dysphagia; our results showed that swallowing function had not been
restored in 30% of PED patients at hospital discharge, which was less than a previous prospective
observational study (58/90, 64%), despite a higher patient age and severity in our study subjects [4].

To our knowledge, this study was the �rst to link the timing of SLT in PED patients in the ICU with their
outcomes. According to the results from national surveys, many ICUs have become aware of this
important issue; however, standardized therapeutic strategies to treat PED have not yet been established
[2,30,31]. Although further research is warranted to determine and validate proper timing of SLT and
which patients to prioritize, implementing early initiation of SLT could be a part of a global strategy to
reduce the incidence of persistent PED. 
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Limitations

First, the timing of SLT initiation was completely dependent on the physician’s preference. Why SLT was
delayed for some patients was uncertain: it might have been attributed to patient factors and/or
physicians expecting spontaneous recovery. To minimize the bias, in addition to institutions, SOFA scores
and the presence or absence of delirium on the day of extubation, which might lead to a delay in starting
SLT, were taken into consideration in the multivariable analysis. Second, this study did not collect data on
the size of the endotracheal tube. A recent prospective study found that larger endotracheal tube size
induced post-extubation aspiration in patients with acute respiratory failure [27]. Related to the �rst
limitation, additional confounding factors may exist. Third, all participants were screened for PED using
the MWST. Although instrumental evaluation via video�uoroscopy or �beroptic endoscopy is regarded as
a gold-standard for detecting dysphagia, the MWST was deemed a pragmatic bedside assessment
without requiring additional equipment or resources [17]. Finally, long-term follow-up may be needed,
considering the profound impact of PED on quality of life.

Conclusions
In this retrospective analysis, we found that delayed timing of SLT initiation was associated with poor
outcomes such as persistent dysphagia or death and aspiration pneumonia after extubation. Our
observations indicate that the initiation of SLT within 24 h after extubation in patients with PED appears
to be a favorable strategy for early recovery from swallowing disorders in the ICU. Further research is
needed to validate these results.
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Figure 1

Flow chart of our study.

MV: mechanical ventilation, MWST: modi�ed water swallowing test, ICU: intensive care unit
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Figure 2

Distribution of the number of patients with dysphagia or death at hospital discharge based on the time
interval from extubation to SLT initiation.

SLT: speech and language therapy
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Figure 3

Distribution of FOIS scores and their trajectories over time.

Early discharge from the hospital did not allow us to follow up eight and 58 patients on the 14th and 28th
days after extubation, respectively.

FOIS: function oral intake scale
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