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Abstract

Dysphagia or swallowing dysfunction is common in patients with acute or critical illness, and diverse methods of dys-
phagia rehabilitation are provided worldwide. We aimed to examine the efficacy of rehabilitation to treat dysphagia in
patients with acute or critical illness. We searched PubMed, ICHUSHI, and Cochrane Central Register of Controlled Tri-
als databases from inception to November 22, 2023 for relevant randomized controlled trials. We focused on dysphagic
patients with acute or critical illness who were not orotracheally intubated. Our target intervention included conventional
rehabilitation and nerve stimulation/neuromodulation techniques as dysphagia rehabilitation. Comparators were conven-
tional or standard care or no dysphagia interventions. Primary outcomes included mortality, incidence of pneumonia dur-
ing the study period, and health-related quality of life (HRQoL) scores within 90 days of hospital discharge. We pooled
the data using a random-effects model, and classified the certainty of evidence based on the Grading of Recommendations,
Assessment, Development, and Evaluation system. Nineteen randomized controlled trials involving 1,096 participants
were included. Dysphagia rehabilitation was associated with a reduced incidence of pneumonia (risk ratio [RR], 0.66; 95%
confidence interval [CI], 0.54—0.81; moderate certainty), but not with reduced mortality (RR, 0.92; 95% CI, 0.61-1.39;
very low certainty) or improved HRQoL scores (mean difference, -0.20; 95% CI, -20.34 to 19.94; very low certainty).
Based on the available moderate- or very low- quality evidence, while dysphagia rehabilitation had no impact on mortality
or HRQoL, they might reduce the incidence of pneumonia in dysphagic patients with acute or critical illness.
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Background

Dysphagia or swallowing dysfunction is common in acute
or critical illness with a prevalence of 3—84% [1-6]. It is
associated with short-term complications, such as aspira-
tion, pneumonia, reintubation, and death [1, 2, 5, 6], pro-
longed length of stay, increased resource use and costs
[5-7], as well as long-term consequences like malnutrition
and decreased quality of life [3, 8]. The substantial indi-
vidual and societal burdens necessitate awareness and treat-
ment of dysphagia in acute and critical care settings.
Several mechanisms of dysphagia take place in acute or
critical illnesses, which include direct nervous system dam-
age, direct mucosal trauma and dysfunctional sensation in
oropharyngeal and laryngeal, direct mucosal injury due
to endotracheal or tracheostomy tubes, gastroesophageal
reflux, and dyssynchronous breathing and swallowing [1, 2,
6]. Conventional rehabilitation includes postural changes,
compensatory maneuvers, and therapeutic exercises, which
are provided in addition to dietary texture modification
[1, 2, 6]. Furthermore, there is a recent advance in nerve
stimulation and neuromodulation techniques that target neu-
roplasticity [9], which include repetitive transcranial mag-
netic stimulation (rTMS), pharyngeal electrical stimulation
(PES), and transcranial direct current stimulation (tDCS).
These techniques are beginning to be used in conjunction
with conventional physical rehabilitation [9]. A recent inter-
national survey, however, identified a diversity in dysphagia
rehabilitation provided in intensive care settings worldwide
[10]. To inform evidence-based dysphagia therapy in acute
or critical settings, a comprehensive knowledge on the effi-
cacy and safety of dysphagia rehabilitation is needed.
Hence, we conducted a systematic review and meta-anal-
ysis on the efficacy and safety of dysphagia rehabilitation in
dysphagic patients with acute or critical illness. We focused
on conventional rehabilitation and nerve stimulation/neuro-
modulation techniques as dysphagia rehabilitation.

Methods

The study protocol was registered at the PROSPERO
(CRD42022302244). The study is reported in line with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement [11].

Eligibility Criteria

Type of Studies

We included randomized controlled trials that examined
rehabilitation for dysphagia in adult patients with acute or
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critical illness. Quasi-randomized trials and observational
or nonrandomized studies were excluded.

Type of Participants

We included patients who met the following criteria: (1) were
aged > 18 years; (2) had critical or acute illness determined
below; (3) had newly developed dysphagia as determined
by the original study authors, and (4) were not orotracheally
intubated as of the study conduct and are able to undergo
dysphagia rehabilitation. We operationally defined criti-
cal or acute illness as follows: (1) the patients were being
treated at intensive care units (ICUs) or acute care units/
wards; (2) for patients with newly diagnosed stroke, more
than 50% had to be receiving acute stroke care, the average
time from stroke onset to initiation of dysphagia rehabilita-
tion was within 30 days [12], and/or were treated at stroke
units. Patients who met at least one of the following criteria
were excluded: (1) were not being treated at ICUs or acute
care units/wards, (2) did not meet our operational criteria of
acute or critical illness, (3) were orotracheally intubated or
(4) dysphagia rehabilitation was prophylactically provided
to patients regarding of whether they were dysphagic.

Type of Interventions

We focused on rehabilitation or approaches from the per-
spective of physical medicine for dysphagia, which was ini-
tiated in acute or critical care settings as determined above.
We also considered nerve stimulation interventions or neu-
romodulation therapy, such as rTMS or tDCS, because they
are conducted in conjunction with rehabilitation [9]. We
excluded dysphagia interventions not considered as reha-
bilitation. Particularly, we did not consider acupuncture
because it is alternative and complementary medicine and
is not considered physical medicine therapy. No restrictions
were placed on the dose or intensity of the rehabilitation
used. The comparators included conventional or standard
care and or no dysphagia rehabilitation. We considered the
addition of dysphagia rehabilitation to the treatment given
in the comparator group as the intervention.

Type of Outcome Measures

Our primary outcomes were mortality (during hospitaliza-
tion or within 180 days of inclusion to the study), incidence
of pneumonia during the study period, and health-related
quality of life (HRQoL) scores within 90 days of hospital
discharge. We accepted the definition of pneumonia used in
each study.

Secondary outcomes included: (1) activities of daily liv-
ing measured by the Functional Independence Measure,
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Barthel Index (BI), or Katz Index within 90 days of hospital
discharge; (2) feeding status measured by the Food Intake
Level Scale or Functional Oral Intake Scale (FOIS) for
Dysphagia within 90 days of hospital discharge; (3) hospi-
tal length of stay; and (4) adverse events. We preferentially
included adverse events related to the interventions; how-
ever, in cases where such outcomes were not reported, we
included any serious adverse events.

Search Strategy

We searched PubMed, ICHUSHI (“Igaku CHUo zasSHI”
meaning “Medical Central Journals” in Japanese), and
Cochrane Central Register of Controlled Trials databases
from inception to November 22, 2023. We also reviewed
the reference lists of the selected publications to identify
potentially relevant studies. We placed no restrictions on
languages [13]. The search strategy is presented in Online
Resource 1.

Study Selection

The first author (A.K.) and two other authors (S.W. and
Y.K.) independently screened the titles and abstracts of the
retrieved studies. They then retrieved and read the full text
of potentially eligible articles and independently assessed
their eligibility. Disagreement was resolved via consensus.

Data Extraction

The following data were extracted from each study: (1)
patient characteristics (age, sex, and illness requiring acute
or critical care); (2) study characteristics (country and set-
tings where interventions were administered); (3) interven-
tions (type and dose of interventions and comparators); and
(4) outcomes of interest.

Risk of Bias Assessment

The first author (A.K.) and two other authors (S.W. and Y.K.)
independently and in duplicate assessed the risk of bias for
each outcome using the Cochrane risk of bias assessment
tool [14, 15] and comparators; and 4) outcomes of interest.
Any inconsistencies were resolved through discussion. In
case of missing data, we did not contact the authors of the
original studies.

Statistical Analysis
We calculated the risk ratio (RR) for dichotomous out-

comes. When different studies used different scales to assess
continuous outcomes, such as feeding status or HRQoL, we

calculated the standardized mean difference; otherwise, we
calculated the mean difference (MD). We pooled the data
into a single arm when a study used several intervention
groups [15]. We applied a continuity correction by adding
0.5 to each cell of the 2 X2 table from the study if a study
included zero events in either arm [16]. We pooled the data
using the random-effects model [17]. Statistical heterogene-
ity was evaluated using Q and /* statistics [18]. When a study
provided no relevant outcome data, we narratively described
its results. When more than 10 studies reported an outcome,
we tested for publication bias using Egger’s method [19].
We used Review Manager 5.4 and Stata SE, version 17.0
(StataCorp, College Station, TX) for the analysis.

The certainty of evidence was classified as high, moder-
ate, low, or very low according to the Grading of Recom-
mendations, Assessment, Development, and Evaluations
(GRADE) system [20]. The level was downgraded based on
the seriousness of limitations (risk of bias), inconsistency,
indirectness of evidence, imprecision, and publication bias.
We assessed the risk of bias for the evidence based on the
framework proposed by Furukawa et al. [21]. We a priori
anticipated that there would be substantial but acceptable
clinical heterogeneity and focused on statistical heterogene-
ity to assess inconsistency. Indirectness of evidence, which
refers to the generalizability of the findings, was assessed
based on the relevance of the population, type of interven-
tion, comparator, or outcomes in the included studies in
relation to our research question. Imprecision was assessed
based on the confidence intervals (Cls) of the pooled results
and the sample size relative to the optimal information
size (OIS). While we used a total size of 400 as an empiric
OIS for continuous outcomes [22], we estimated the OIS
for dichotomous outcomes with required information size
(RIS) obtained via trial sequential analysis (TSA) [23]. We
estimated RIS according to a relative risk reduction of 25%,
a 5 risk of a type-one error, and a power of 80%, which
is recommended by the GRADE working group [22]. We
estimated the proportion of events in the control group from
all trials included in TSA. We used TSA software, version
0.9 beta (Copenhagen Trial Unit, Copenhagen, Denmark) to
conduct trial sequential analysis.

Results

Study Characteristics

Our initial database search identified 2,556 titles and
abstracts. After application of our inclusion and exclusion
criteria, we included 19 randomized controlled studies

involving 1,096 participants in the analysis [24-41] (Fig. 1).
All studies were reported in English.

@ Springer



A. Kuriyama et al.

Fig. 1 Study selection
(n=2,556):

Records identified from Databases

PubMed (n=1,885)
CENTRAL (n=363)
ICHUSHI (n=308)

Records removed before screening:
Duplicate recordsremoved (n=251)

(n=2,305)

Records screened

Records excluded
(n=2,170)

(n=135)

Records assessed for eligibility

Reports excluded:
- Irrelevant population (n= 98)
- Irrelevantintervention (n=8)

- Irrelevant outcomes (n=5)
- Not randomized studies (n = 4)
- Inconsistent reporting (n=1)

(n=19)

Studies included in review

The reported mean age of patients ranged from 49.5 to
74.9 years, with the proportion of women ranging from 27.2
to 70.4% (Table 1). The patient conditions included non-tra-
cheotomized, acute stroke (14 studies) [24, 25, 27-29, 31,
33-37, 39—42], status post tracheostomy (two studies) [26,
30], and status after immediately extubation (two studies)
[30, 32]. The median sample size was 40 (range, 14-306).

Dysphagia rehabilitation included repetitive transcranial
magnetic stimulation (six studies) [25, 27, 28, 35, 39, 40],
pharyngeal electrical stimulation (four studies) [26, 30, 31,
33], transcranial direct current stimulation (four studies)
[29, 31, 36, 41], behavioral intervention [24], functional
electrical stimulation [37], neuromuscular electrical stimu-
lation [42], speech therapy [32], and swallowing stimulation
[34] (one study each). Comparators included sham stimula-
tion/therapy (14 studies) [25-33, 36, 38—41], followed by
usual care or conventional therapy (five studies) [24, 34, 35,
37, 42]. One study compared two interventions using rTMS
(high-frequency rTMS on the bilateral hemispheres and a
combination of high-intensity rTMS on the affected hemi-
sphere and low-intensity rTMS on the unaffected hemi-
sphere) compared with sham stimulation in stroke patients
[40]. Another study compared behavioral intervention of
two intensities with usual care [24]. The intervention period
and the longest period of outcome follow-up ranged from 3
days to 1 month and from 3 days to 6 months, respectively.
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Risk of Bias

Fifteen (78.9%) of the 19 included studies performed ade-
quate sequence generation [24, 26, 28-34, 36, 37, 39-42],
whereas nine (47.4%) conducted adequate allocation con-
cealment [24-26, 28, 30, 33, 36, 39, 41] (Fig. 2). All studies
but one (94.7%) [34] had adequately blinded outcome asses-
sors and were at a low risk of incomplete outcome reporting,
respectively. Ten studies (52.6%) were deemed at a low risk
of selective reporting bias [24, 30, 31, 33, 34, 36-39, 41].

Primary Outcomes
Mortality

Mortality data were available in 13 studies including 787
patients [24, 26-36, 42]. Dysphagia rehabilitation was not
associated with reduced mortality (50/458 vs. 31/329; RR,
0.92: 95% CI, 0.61-1.39; P=0.70; = 0%: Fig. 3). The cer-
tainty of evidence for this outcome according to the GRADE
system was very low (Table 2). There was no statistical evi-
dence for publication bias using Egger’s test (P=0.52).

Incidence of Pneumonia

Seven studies including 611 participants provided data on
the incidence of pneumonia [24, 26, 31, 33, 34, 38, 42].
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Table 1 Characteristics of included studies

Study/ Country Sample Mean Population or Dysphagia Intervention Comparator Planned dose/ Longest
Year size age setting severity** intensity of outcome
(female, interventions follow-
%) up
Benfield/ United 27 73.3  Stroke (22.4 DSRS, 6.3 Swallow strength UC 45 min; 10 ses- 90d
2023 Kingdom (70.4) d*) and skill train- sions; 2 wk.
ing with SEMG
biofeedback + UC
Carnaby/ Australia 306 71.1  Stroke (2.7 d*) Paramatta Hospi-  (high-intensity)  UC (high-intensity) 6 mo
2006 (41.8%) tal’s assessment of  swallowing com- thrice/wk, 1 mo
dysphagia < 85 pensation strate- or up to discharge
gies + dietary
modification
(low-intensity) (low-intensity)
direct swal- every working
lowing exer- day; 1 mo or up
cises + dietary to discharge.
modification
Du/ 2016 China 40 58.3  Ischemic Standardized Swal- rTMS Sham (3Hz) 10s; 40 3 mo
(35%) stroke (med,  lowing Assessment, (3 Hz—1 Hz) trains with 1200
6-9 d*) 24.7 pulses; 5d
(1 Hz) 30's; 40
trains with 1200
pulses; 5 d.
Dziewas/ Germany, 69 64.2  Tracheoto- DSRS, 12 PES (5 Hz) Sham 10 min; 3 days. 90d
2018 Austria, (36.2%) mized stroke
Italy patients (med,
28 d*)
Farpour/ Iran 44 68.0  Stroke (4.3 d*) MASA, 124.84 tDCS Sham 20 min; 5 ses- 1 mo
2023 (47.7%) sions (5 d).
Jiao/ China 70 49.5  Cerebral WST >3 rTMS Conven- 3's;20 min; every 15d
2023 (45.7%) infarction (<3 (3 Hz) + conven- tional second day; 7
d*) tional swallowing swallowing times.
training training
Khedr/  Egypt 26 57.7  Stroke (range, DOSS, 3.5 rTMS (3 Hz) Sham 10 s; 10 trains, 6d
2009 (61.5%) 5-10 d¥) 10 min; 5 d.
Khedr/  Egypt 22 57.7  Infarction (lat- 4-degree of dys- rTMS (3 Hz) Sham 10 s; 10 trains, 2 mo
2010 (27.2) eral medulla/  phagia, 3.7 10 min; 5 d.
brainstam)
(stroke unit)
Kumar/  United 14 74.9  Unilateral DOSS, 2.3 tDCS Sham 2 mA, 30 min; 5d
2011 States (50%) hemispheric 5d.
infarction (3.7
d*)
Kumar/  United 42 71.0  Unilateral PAS, 4.1 tDCS (high-/ Sham (high-dose) 1 mo
2022 States (59.5%) hemispheric low-dose) 2 mA, 20 min,
infarction (3.6 twice daily; 5 d.
d*) (total charge den-
sity, 16 C/cm?)
(llow-dose)
2 mA, 20 min,
twice daily; 5 d.
(total charge den-
sity, 8 C/ecm?)
Lee/ South 57 64.9  Stroke (5.2d) Moderate to severe Neuromuscular  Traditional 30 min daily, 5 12 wk
2014 Korea (26.3%) (measured by electrical stimu-  dysphagia  times/wk, 5 wk
VESS) lation + tradi- therapy

tional dysphagia
therapy
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Table 1 (continued)

Study/ Country Sample Mean Populationor Dysphagia Intervention Comparator Planned dose/ Longest
Year size age setting severity** intensity of outcome
(female, interventions follow-
%) up
Matos/  Brazil 33 NS Stroke (stroke DREP, Functional elec- Conven- 20 min, 5 ses- 5d
2022 (30.3%) unit) moderate-severe trical stimula- tional sions daily; 5 d.
tion (Neurodyn  speech
Portable Tens/ therapy
FES®)
Suntrup/ Germany 30 64.2  Tracheoto- Severe (based PES (5 Hz) Sham 10 min; 3 d. 3d
2015 (50%) mized stroke  on the authors’
patients (7.4 d protocol)
from weaning)
Suntrup- Germany 59 68.0  Ischemic FEDSS, 3.3 tDCS Sham 1 mA, 20 min; 4d
Krueger/ (42.4%) stroke 4d.
2018 (4.9 d*)
Suntrup- Germany 60 (NS) NS Extubated, FEDSS >4 PES Sham 10 min daily; 3d. 120h
Krueger/ acute stroke.
2023 (4 h after
extubation)
Turra/ Brazil 32 NS Extubated PARD, 6.2 Speech therapy ~ Sham 30 min; 10 d at 10d
2021 (59.4%) patients maximum
(2 d from
extubation)
Vasant/  United 36 71 Stroke (med,  DSRS, 8 (med) PES (5 Hz) Sham 10 min daily; 3d. 90d
2016 Kingdom (38.9%) (med) 13 d%)
Zhong/  China 84 63.2  Stroke (med, PAS,5.7 rTMS (10 Hz) Sham 250 pulses; 10 2 wk
2023 (46.4%) 21/30 d*) days
Zou/ China 45 (NS) 59.4  Stroke (20.6 WST, 4.3 rTMS +rou- Sham+rou- 600 pulses; 5d/ 1 mo
2023 d*) tine dysphagia tine dyspha- wk; 4 wk
therapy gia therapy
(5 Hz for both
hemispheres;
5 Hz for

the affected
hemisphere and
1 Hz for the
unaffected)

Abbreviations: d, days; DOSS, Dysphagic Outcome and Severity Scale; DSRS, Dysphagia Severity Rating Scale; FEDSS, Fiberoptic Endo-
scopic Dysphagia Severity Scale; h, hour; ICU, intensive care unit; MASA, Mann Assessment of Swallowing Ability; med, median; min, min-
utes; mo, month; NS, not stated; PARD, Protocolo de Avaliagdo do Risco para Disfagia; PAS, Penetration-Aspiration Scale; PES, pharyngeal
electrical stimulation; sec, seconds; SEMG, surface electronic myography; tDCS, transcranial direct current of stimulation; UC, usual care;
VESS, videofluoroscopic swallowing study; wk, week(s); WST, Water swallow test

*The asterisk indicates the mean duration in days between stroke onset and inclusion in the study unless stated otherwise

**Dysphagia severity represents the mean severity measured by the study authors or the inclusion criteria unless stated otherwise

Dysphagia rehabilitation was associated with a reduced
incidence of pneumonia (93/357 vs. 100/254; RR, 0.66;
95% CI, 0.54-0.81; P<0.00001; I°=0%; Fig. 4). The cer-
tainty of evidence for this outcome was moderate (Table 2).

HRQoL Scores

One study including 27 participants examined the effects of
dysphagia rehabilitation on the HRQoL score (Dysphagia
Handicap Index; DHI) [34]. Dysphagia rehabilitation was
not associated with an increased HRQoL score (MD, -0.20;
95% CI, -20.34 to 19.94; P=0.98). Another study reported a
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significant improvement in the DHI score with the high-fre-
quency rTMS on the bilateral hemispheres and with a com-
bination of high-intensity rTMS on the affected hemisphere
and low-intensity rTMS on the unaffected hemisphere com-
pared with sham stimulation in acute stroke patients at one
month after the intervention [40]. The certainty of evidence
for this outcome was very low (Table 2).
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Fig. 2 Risk of bias summary. Green represents a low risk of bias, yel-
low unclear, and red a high risk of bias

Secondary Outcomes
Activity of Daily Living

One study including 27 participants examined the effects of
dysphagia rehabilitation on the patients’ activities of daily
living measued with BI [34]. Dysphagia rehabilitation was
not associated with an increased activities of daily living
(MD, -14.60; 95% CI, -37.58 to 8.38; P=0.21). One study,
each, reported that use of rTMS for 5 days were associated
with an increased BI score compared with sham at 2 months
[28] or 3 months after the intervention [25]. The certainty of
evidence for this outcome was very low (Table 2).

Feeding Status

Seven studies assessed the feeding status using the FOIS in
313 patients [26, 31, 32, 36, 37, 41, 42]. Dysphagia reha-
bilitation was associated with improved feeding status (MD,
1.03; 95% CI, 0.43 to 1.62; P=0.0007; I=37%; Online
Resource 2). Another study reported a significant improve-
ment in the FOIS score with the high-frequency rTMS on
the bilateral hemispheres compared with sham stimulation
and a combination of high-intensity rTMS on the affected
hemisphere and low-intensity rTMS on the unaffected hemi-
sphere in acute stroke patients at one month after the inter-
vention [40]. The certainty of evidence for this outcome was
moderate (Table 2).

Hospital Length of Stay

Five studies including 482 patients reported data on the
length of hospital stay [24, 30, 31, 34, 38]. Dysphagia reha-
bilitation was not associated with reduced hospital length
of stay (MD, -0.35 days; 95% CI, -5.94 to 5.25; P=0.90;
I?=80%; Online Resource 3). The certainty of evidence for
this outcome was very low (Table 2).

Adverse Events

Eight studies (646 participants) provided data on adverse
events [24, 26, 29, 30, 36, 39, 41, 42]. We pooled any serious
adverse events from these studies. Dysphagia rehabilitation
was not associated with an increased incidence of adverse
events (103/387 vs. 71/259; RR, 0.78; 95% CI, 0.45-1.36;
P=0.39; ’=29%; Online Resource 4). The certainty of
evidence for this outcome was moderate (Table 2).

Subgroup Analyses by Patient Condition

Subgroup analyses by patient condition were possible
for five of our outcomes; they suggested no significant

@ Springer
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Intervention Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Benfield 2023 1 12 1 15 2.3% 1.25([0.08, 17.98) l
Carnaby 2006 37 204 23 102 771% 0.80[0.51,1.28] —i‘
Dziewas 2018 7 35 3 34 10.3% 2.27 [0.64, 8.05] T
Jiao 2023 0 35 0 35 MNot estimable
Khedr 2009 0 14 1 12 1.7% 0.28[0.01, 6.50]
Khedr 2010 0 11 2 11 1.9% 0.20[0.01, 3.74]
Kumar 2011 0 7 1] 7 Mot estimable
Kumar 2022 2 27 1 15 31% 1.11[0.11,11.26)
Lee 2014 0 k)| 0 26 Mot estimable
Suntrup 2015 0 20 0 10 Mot estimahle
Suntrup-Krueger 2018 0 29 0 30 Mot estimahle
Turra 2021 2 17 0 15 1.9% 4.44[0.23,85.83)
YVasant 2016 1 16 0 17 1.7% 3.18[0.14,72.79)
Total (95% CI) 458 329 100.0% 0.92[0.61, 1.39] @
Total events 50 ki
Heterogeneity: Tau®= 0.00; Chi*= 5.63, df= 7 (P = 0.58); F= 0% 50 0 011 130 100’

Test for overall effect: Z=0.38 (P=0.70)

Favors Intervention Favors Control

Fig. 3 Forest plot on mortality. The plot shows no difference in mortality between patients treated with or without dysphagia interventions

differences in mortality (P=0.18), incidence of pneumonia
(P=0.82), or feeding status (P=0.30), length of hospital
stay (P=0.08), or adverse events (P=0.14) between sub-
groups (Online Resource 5).

Discussion

Our study findings suggest that dysphagia rehabilitation
reduced the incidence of pneumonia and feeding status in
dysphagic patients with acute or critical illness, without
other significant efficacy benefits or adverse events. The
certainty of evidence assessed with the GRADE system for
most outcomes was very low, except that for the incidence
of pneumonia, feeding status, and adverse events (moderate,
each).

To the best of our knowledge, only one systematic
review has focused on dysphagia interventions in patients
with acute or critical illness [43]. That review by Duncan
et al. published in 2020 encompassed numerous dyspha-
gia interventions, including acupuncture, and a variety of
illness acuity/severity, including subacute illness [43]. In
contrast, we focused on dysphagia rehabilitation from the
physical medicine perspective in patients in the acute or
critical phase of illness. While the target population and
interventions are restricted in our review compared with
those in Duncan et al’s, ours included a comparable number
of studies with newly published ones since 2020. Further,
both reviews yielded similar findings on the incidence of
pneumonia and adverse events [43]. Thus, clinicians admin-
istering dysphagia interventions in such patients should be
aware that dysphagia rehabilitation could reduce pneumonia
without significant adverse events.
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The included studies in our review represented three
distinct status: non-intubated stroke, tracheostomized, and
status immediately after extubation. The underlying mecha-
nism of dysphagia differ across these conditions, which at
least include cortical and/or subcortical damage for stroke
and mechanical injury to the mucosal damage for status
post tracheostomy or extubation. Although not statistically
significant, the effects size differed between these entities,
which might explain the statistical heterogeneity found in
feeding status and length of hospital stay. Furthermore, most
studies examined non-tracheomized stroke patients [24, 25,
27-29, 31, 33-37, 39-42]; studies on status post tracheos-
tomy and immediately after extubation are limited. Thus,
more studies are required to elucidate whether patients post
tracheostomy and immediately after extubation have merits
with dysphagia rehabilitation.

Duncan et al’s review [43] and ours poses three research
implications. First, both reviews examined partly overlap-
ping but different outcomes. Compared with the number of
studies included in the entire reviews, the number of stud-
ies included for each analysis/outcome was small in both
reviews. We suspect that one etiology for this inconsis-
tency and variability in outcomes could have been a lack
of consensus on the outcomes in this area. A core outcome
set for dysphagia interventions should be established and
examined in future studies. Second, while our study focused
on interventions to abortively treat dysphagia, Duncan et
al. also reviewed prophylactic interventions for dysphagia
[43]. To date, only a few studies have examined the effi-
cacy of prophylactic, dysphagia rehabilitation in acute or
critical illness [44, 45]. More studies are needed to examine
whether prophylactic dysphagia interventions are effective
and which population get benefitted with which prophylactic
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Tab[e 2 GRADE summary of Outcomes Ne of Certainty of Relative  Anticipated absolute effects
findings participants the evidence effect Risk with no Risk difference
(studies) (GRADE) (95% CI)  dysphagia with dysphagia
Follow-up rehabilitation  rehabilitation
Mortality 787 (13 HAOO0O RR0.92 94 per 1,000 8 fewer per 1,000
RCTs) Very low®®  (0.61 to (37 fewer to 37
1.39) more)
Incidence of pneumonia 611 DDPO RRO0.66 394 per 1,000 134 fewer per 1,000
(7 RCTs) Moderate® (0.54 to (181 fewer to 75
0.81) fewer)
HRQoL scores 27 eO00 - - MD 0.2 lower
(1 RCT) Very low® ¢ (20.34 lower to
19.94 higher)
Activities of daily living 27 OO0 - - MD 14.6 lower
(IRCT)  Very low®® (37.58 lower to 8.38
higher)
Feeding status 313 @@@Q - - MD 1.03 higher
(7 RCTs) Moderate (0.43 higher to 1.62
higher)
Length of Hospital Stay 482 OO0 - - MD 0.35 lower
(5 RCTs) Very low® & (5.94 lower to 5.25
higher)
Adverse events 646 @@@Q RR 0.78 274 per 1,000 60 fewer per 1,000
(8 RCTs) Moderate (0.45 to (151 fewer to 99
1.36) more)

CI: confidence interval; MD: mean difference; RCT, randomized controlled trial; RR: risk ratio

*Downgraded by one point because the definition and timing of mortality in the included studies poten-
tially varied

"Downgraded by two points because the optimal information size (n=4,293) was not reached and the
confidence interval of the effect size overlapped 1

‘Downgraded by one point because the optimal information size (n=1,778) was not reached
4Downgraded by two points because the only study included for this outcome was at overall high risk of
bias

“Downgraded by two points because the optimal information size was not reached and the confidence
interval of the effect size overlapped 0

"Downgraded by one point because the optimal information size was not reached

¢Downgraded by one point due to the substantial heterogeneity (12=80%) and confidence intervals of
some studies did not overlap

"Downgraded by one point because the optimal information size (7= 1,219) was not reached

Intervention Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Eenfield 2023 4 12 4 15 31% 1.25[0.38, 3.99) —
Carnahy 2006 54 204 48 102 43.3% 0.56[0.41,0.77] -
Dziewas 2018 5 35 7 34 3.7% 0.69[0.24,1.98) —_—
Lee 2014 0 K} 0 26 Mot estimahble
Suntrup-Krueger 2018 11 29 16 0 125% 0.71[0.40,1.26) S
Suntrup-Krueger 2023 18 30 25 30 37.0% 0.72[0.52,1.00) i
Yasant 2016 1 16 0 17 0.4% 3.18[014,72.75]
Total (95% Cl) 357 254 100.0% 0.66 [0.54, 0.81] ¢
Total events 93 100
Heterageneity: Tau®= 0.00; Chi*= 3.51, df= 5 (P = 0.62); F= 0% =0 01 0?1 150 1DD=

Test for overall effect: Z=4.02 (P < 0.0001) Favors Intervention Favous Control

Fig. 4 Forest plot on the incidence of pneumonia. The plot shows a decreased incidence of pneumonia in patients treated with dysphagia interven-
tions compared with controls
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dysphagia interventions. Third, while dysphagia could last
long after acute phase of illness, many of the studies in our
review reported short-term outcomes. A follow-up study of
a randomized trial of primary care intervention in sepsis
suggested that dysphagia symptoms lasted over 24 months
after ICU discharge [46]; however, the longest follow-up of
outcomes in most of the studies in our review was within 3
months [27-32, 35-42]. Studies to examine the long-term
efficacy of dysphagia interventions are warranted.

Our study has several strengths. First, our comprehensive
literature search located 19 studies. With a large number
of studies, we were able to review an overall efficacy and
safety of dysphagia rehabilitation from physical medicine
perspective in patients with acute or critical illness. Second,
we complied with the Cochrane methodology and assessed
the certainty of evidence using the GRADE system.

Nonetheless, this study also has limitations. First, despite
our comprehensive search, the number of included studies
for some outcomes were small, which could have led to lack
of statistical power, resulting in non-significant findings for
such outcomes as well as the certainty of evidence evaluated
with the GRADE system. Second, some of the rehabilita-
tion conducted worldwide were not examined in the origi-
nal studies (e.g., respiratory exercises) [10], for which we
cannot make any conclusions. Third, the dysphagia inter-
ventions reported in the included studies were diverse but
the number of studies for each intervention were small. This
precludes investigations into the optimal type of dysphagia
intervention for patients with acute or critical illness. Fur-
thermore, only a few studies have attempted to compare the
efficacy of multiple dysphagia rehabilitation options [47—
49]. More studies on dysphagia rehabilitation in patients
with acute or critical illness are warranted.

Conclusions

Based on the available moderate- or very low- quality evi-
dence, while dysphagia rehabilitation had no impact on
mortality or HRQoL, they might reduce the incidence of
pneumonia in dysphagic patients with acute or critical ill-
ness. Our study also highlights the scarcity of studies on
each dysphagia rehabilitation and patient conditions except
for patients with non-tracheotomized stroke, as well as a
need to establish a core outcome set to consistently assess
the efficacy of dysphagia rehabilitation in future studies.
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