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Abstract 

Background  Post-extubation dysphagia (PED) emerges as a frequent complication following endotracheal intuba-
tion within the intensive care unit (ICU). PED has been strongly linked to adverse outcomes, including aspiration, 
pneumonia, malnutrition, heightened mortality rates, and prolonged hospitalization, resulting in escalated healthcare 
expenditures. Nevertheless, the reported incidence of PED varies substantially across the existing body of literature. 
Therefore, the principal objective of this review was to provide a comprehensive estimate of PED incidence in ICU 
patients undergoing orotracheal intubation.

Methods  We searched Embase, PubMed, Web of Science, Cochrane Library, China National Knowledge Infrastructure 
(CNKI), Wanfang Database, China Science, Technology Journal Database (VIP), and SinoMed databases from inception 
to August 2023. Two reviewers independently screened studies and extracted data. Subsequently, a random-effects 
model was employed for meta-statistical analysis utilizing the “meta prop” command within Stata SE version 15.0 
to ascertain the incidence of PED. In addition, we performed subgroup analyses and meta-regression to elucidate 
potential sources of heterogeneity among the included studies.

Results  Of 4144 studies, 30 studies were included in this review. The overall pooled incidence of PED was 36% (95% 
confidence interval [CI] 29–44%). Subgroup analyses unveiled that the pooled incidence of PED, stratified by assess-
ment time (≤ 3 h, 4–6 h, ≤ 24 h, and ≤ 48 h), was as follows: 31.0% (95% CI 8.0–59.0%), 28% (95% CI 22.0–35.0%), 41% 
(95% CI 33.0–49.0%), and 49.0% (95% CI 34.0–63.0%), respectively. When sample size was 100 < N ≤ 300, the PED inci-
dence was more close to the overall PED incidence. Meta-regression analysis highlighted that sample size, assessment 
time and mean intubation time constituted the source of heterogeneity among the included studies.

Conclusion  The incidence of PED was high among ICU patients who underwent orotracheal intubation. ICU pro-
fessionals should raise awareness about PED. In the meantime, it is important to develop guidelines or consensus 
on the most appropriate PED assessment time and assessment tools to accurately assess the incidence of PED.
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Introduction
Mechanical ventilation is the most common techno-
logical support, being required by 20–40% of adult in 
ICU [1]. Orotracheal intubation is the primary way of 
mechanical ventilation in ICU, which can increase the 
risk of post-extubation dysphagia (PED) [2, 3]. PED is any 
form of swallowing dysfunction that arises subsequent 
to extubation following endotracheal intubation, affect-
ing the passage of food from the entrance to the stomach. 
The occurrence rate of PED within the ICU setting dem-
onstrates considerable variation among different coun-
tries [4]. The incidence varied among countries, including 
13.3–61.8% in the United States [5, 6], 25.3–43.5% in 
France, and 23.2–56% in China [7, 8], and the incidence 
ranging from 7 to 80% [9, 10]. Significantly, PED stand-
ing out as a prominent complication encountered in this 
particular context. For instance, See et al. have elucidated 
that patients afflicted with PED face an 11-fold higher 
risk of aspiration compared to those without PED [11]. 
McIntyre et  al. have underscored that patients afflicted 
with PED endure double the length of stay in the ICU 
and the overall hospitalization period when compared 
to patients without PED [10]. Furthermore, it is essential 

to note that PED emerged as an independent predictor 
of 28-day and 90-day mortality [12]. This high incidence 
of PED places an immense burden not only on patients 
but also on the broader healthcare system. Therefore, 
a systematic review and meta-analysis is necessary to 
explore the incidence of PED in ICU patients. A system-
atic review and meta-analysis conducted by McIntyre 
et  al. reported that the incidence of PED was 41%, but 
the main outcomes of their partly included studies was 
aspiration [12]. Although aspiration and PED are closely 
related, not all aspiration is caused by dysphagia. The 
incidence of aspiration was 8.80%-88.00% in ICU [13, 14], 
so the incidence of PED in that study may be overesti-
mated. Moreover, there has been increasing literature on 
PED of ICU patients, and a new systematic review and 
meta-analysis is needed to obtain a more precise estimate 
of its incidence.

The incidence of PED may indeed vary depending on 
various covariates, including assessment time, mean 
intubation time, age and other relevant factors. First, 
there is no standard time for swallowing function assess-
ment, which spans a range of intervals, including 3 h [6, 
9, 12], 4–6 h [15, 16], 24 h [17–19], 48 h [20], 7 days [21], 



Page 3 of 14Yu et al. European Journal of Medical Research          (2024) 29:444 	

and discharge [22], and the incidence of PED was 80% [9], 
22.62% [15], 56.06% [18], and 35.91% [20], 22.06% [21], 
and 28.78% [22], respectively. Second, the PED is closely 
tied to the time of orotracheal intubation. Skoretz et al. 
have demonstrated that the overall incidence of PED in 
the ICU ranges from 3 to 4%. However, upon re-analysis 
of patients subjected to orotracheal intubation for more 
than 48  h, the PED incidence can surge as high as 51% 
[23]. Third, the choice of assessment tool to evaluate PED 
in ICU patients plays a pivotal role. These assessment 
tools may include Video-fluoroscopic Swallowing Study 
(VFSS), Fiberoptic Endoscopic Evaluation of Swallow-
ing (FEES), Standardized Swallowing Assessment (SSA), 
Bedside Swallowing Evaluation (BSE), Gugging Swallow-
ing Screen (GUSS), Post-Extubation Dysphagia Screening 
Tool (PEDS), Water Swallowing Test (WST) and other 
assessment tools. FEES and VFSS are considered the gold 
standards, with a detection rate of approximately 80% 
[9]. SSA and BSE exhibit detection rates of 22% and 62%, 
respectively [5, 15]. Finally, age-related changes in laryn-
geal sensory and motor functions also influence PED 
risk [24]. Notably, there may not be a significant differ-
ence in the incidence of PED between elderly and young 
patients within the initial 48 h post-extubation. However, 
elderly patients exhibit a significantly slower rate of PED 
recovery compared to their younger counterparts over 
time (5.0 days vs 3.0 days; p = 0.006) [5]. Therefore, it is 
necessary to explore the potential source of heterogene-
ity in the incidence of PED in ICU patients from such 
covariates.

The purpose of this study was to estimate the incidence 
of PED among ICU patients who underwent orotracheal 
intubation and investigate potential sources of heteroge-
neity through the application of subgroup analyses and 
meta-regression.

Methods
This systematic review and meta-analysis was conducted 
adhering to the guidelines outlined in the Joanna Briggs 
Institute (JBI) Reviewers’ Manual and followed the prin-
ciples of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses 2020 statement (PRISMA 
2020) [25] (see Additional file  1: Table  S1). In addition, 
it was registered with PROSPERO under the registration 
number CRD42022373300.

Eligibility criteria
The study’s eligibility criteria were established in accord-
ance with the PICOS principle. Inclusion criteria as fol-
lows: population (P): adult patients (≥ 18  years old) 
admitted to the ICU who underwent orotracheal intuba-
tion. Exposure (E): undergoing orotracheal intubation. 
Outcome (O): PED. Study design (S): observational study 

(cohort, case–control, cross-sectional study). In stud-
ies where multiple articles were derived from the same 
sample, only the article providing the most detailed data 
was included. Patients at high risk of dysphagia (such 
as those with head and neck cancer, who have under-
gone head and neck surgery, patients receiving pal-
liative care, esophageal dysfunction, stroke, esophageal 
cancer and Parkinson’s disease) were excluded. Studies 
were excluded if they exhibited incomplete original data 
or data that could not be extracted. Studied were also 
excluded if their sample sizes fell below 30 participants or 
the full text was inaccessible.

Data sources and search strategy
Our comprehensive search multiple databases, includ-
ing Embase, PubMed, Web of Science, Cochrane Library, 
China National Knowledge Infrastructure (CNKI), Wan-
fang, China Science and Technology Journal Database 
(VIP), and SinoMed, with the search period encom-
passing inception to August 18, 2023. Search language 
was Chinese and English. The limited number of studies 
retrieved initially, primarily attributed to the inclusion of 
the qualifier “ICU” in the initial search, prompted us to 
broaden the scope of our literature search. Consequently, 
we refined the search strategy by reducing the emphasis 
on “ICU” during the search process. After a series of pre-
liminary searches, we finalized the search strategy, which 
combined subject headings and free-text terms while 
employing Boolean operators to enhance search preci-
sion. In addition, a manual hand-search of the reference 
lists of selected articles was carried out to identify any 
supplementary studies not originally identified through 
the electronic search. For a detailed presentation of our 
complete search strategies across all databases, please 
refer to Additional file 1: Table S2.

Quality evaluation
The evaluation of the risk of bias within the included 
studies was conducted by two trained investigators. 
Cross-sectional study was evaluated by the Agency for 
Healthcare Research and Quality (AHRQ) tool [26], 
which consisted of 11 items, resulting in a maximum 
score of 11. Scores falling within the ranges of 0–3, 4–7, 
and 8–11 corresponded to studies of poor, moderate, and 
high quality, respectively. Cohort study was evaluated 
by the Newcastle–Ottawa Scale (NOS) tool [27], which 
comprised three dimensions and eight items, allowing for 
a star rating ranging from 2 to 9 stars. In this case, 0–4, 
5–6, and 7–9 stars were indicative of study of poor, mod-
erate, and high quality, respectively. Any discrepancies or 
disagreements between the investigators were resolved 
through discussion, when necessary, consultation with 
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a third expert specializing in evidence-based practice 
methodology.

Study selection and data extraction
Bibliographic records were systematically exported into 
the NoteExpress database to facilitate the screening 
process and the removal of duplicate citations. Initial 
screening, based on titles and abstracts, was conducted 
by two reviewers who possessed specialized training in 
evidence-based knowledge. To ascertain whether the 
studies satisfied the predefined inclusion and exclusion 
criteria, the full texts of potentially relevant articles were 
acquired. In the event of disagreements between the two 
reviewers, resolution was achieved through discussion or, 
when necessary, by enlisting the input of a third reviewer 
for arbitration.

After confirming the included studies, the two authors 
independently extracted data from the each paper, 
including the first author, year of publication, country, 
study design, ICU type, mean patient age, mean intuba-
tion time, assessment time, assessment tool, evaluator, 
sample size, and the PED event. Any disparities during 
the process of extracted data were addressed through 
thorough discussion and consensus-building among the 
reviewers.

Outcomes
The outcomes of this review were as follows: (1) inci-
dence of PED in patients with orotracheal intubation in 
the ICU; (2) sources of heterogeneity of PED in patients 
with orotracheal intubation in ICU.

Statistical analyses
Meta-analysis was conducted using the ‘meta prop’ func-
tion from the meta package within STATA/SE (version 
15.0, StataCorp, TX, USA). To approximate the nor-
mal distribution of the data, incidence estimates were 
transformed using the “Freeman-Tukey Double Arcsine 
Transformation”. Heterogeneity was assessed using the 
I2 statistic, and pooled analyses of PED were executed 
employing a random-effects model in the presence of 
significant heterogeneity (I2 ≥ 50%), with fixed-effects 
models utilized when heterogeneity was non-significant. 
A significance level of P < 0.05 was established for all 
analyses.

Subgroup analyses were undertaken to investigate the 
potential impact of various factors, including assessment 
tool (gold standard, SSA, GUSS, BSE, PEDS, WST, and 
other assessment tools), year of publication (2000–2010, 
2011–2015, 2016–2020, 2021–2023), study design (cross-
sectional study and cohort study), study quality (mod-
erate quality and high quality), assessment time (≤ 3  h, 
4–6  h, ≤ 24  h, ≤ 48  h, and after 48  h post-extubation), 

mean intubation time (≤ 24  h, 48 – 168  h, and > 168  h), 
mean patient age (≤ 44 years, 45–59 years, 60–74 years), 
evaluator (nurses, speech-language pathologist), 
ICU type (Trauma ICU, Cardiac surgery ICU, Mixed 
medical and surgical ICU), and sample size (N ≤ 100, 
100 < N ≤ 200, 200 < N ≤ 300, N > 300) on the pooled esti-
mate. In instances where no source of heterogeneity was 
identified in the subgroup analyse, we conducted meta-
regression to further pinpoint the origins of heterogene-
ity, focusing on assessment time, mean intubation time, 
mean age, assessment tool, sample size, evaluator, ICU 
type, study design, study quality and year of publication. 
Sensitivity analysis by the “leave-one-out method” was 
employed to evaluate the random-effects model’s stabil-
ity of the pooled incidence of PED. Publication bias was 
assessed by funnel plot and “Trim and Full” method.

Certainty of the evidence
The level of evidence was assessed using the Grading of 
Recommendations, Assessment, Development, and Eval-
uation (GRADE) [28]. This tool classifies the certainty of 
evidence into four levels: very low, low, moderate, and 
high. “High quality” suggests that the actual effect is 
approximate to the estimate of the effect. On the other 
hand, “Very low quality” suggests that there is very little 
confidence in the effect estimate and the reported esti-
mate may be substantially different from what was meas-
ured. Two reviewers judged the following aspects: risk of 
bias, inconsistency, imprecision, indirect evidence, and 
publication bias. Disagreements were resolved by con-
sensus with the third reviewer.

Results
Study selection
Out of the 4144 studies initially identified, 1280 duplicate 
studies were removed, and an additional 2864 studies 
that were deemed irrelevant were excluded based on title 
and abstract screening. Subsequently, a thorough exami-
nation of the full text was conducted for the remaining 
122 studies. A manual hand-search of the reference lists 
of selected articles was 5 studies. Finally, 30 studies were 
chosen as they met the predetermined inclusion criteria 
for this systematic review and meta-analysis. The study 
selection flowchart is shown in Fig. 1.

General characteristics of the included studies
The characteristics of the included studies are shown 
in Table  1. The total sample size across these studies 
amounted to 6,228 participants. The earliest study 
in this review was conducted in 2003 [29], while the 
most recent study was conducted in 2023 [15], with 14 
studies published after 2020. The study with the larg-
est sample size was conducted by Schefold et al. [12], 
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comprising 933 participants, while the study with the 
smallest sample size was carried out by Yılmaz et  al. 
[19], including 40 participants. The methods employed 
to assess the incidence of PED exhibited variability 
among the studies. Specifically, one study employed 
VFSS [30], and four studies relied on FEES [9, 29, 31, 
32], and seven studies utilized SSA assessment tools [7, 
15, 16, 33–36]. Furthermore, six studies utilized BSE 
[5, 10, 17, 37–39], two studies employed WST [12, 40], 
two studies adopted PEDS [8, 18], two studies utilized 
GUSS [19, 41], and six studies employed other assess-
ment tools [6, 20, 21, 22, 42, 43] such as ASHA, FOIS, 
SSQ200, NPS-PED, MASA, and YSP.

Among all the studies, 23 studies recorded the 
assessment time for PED. Specifically, three studies 
assessed PED within ≤ 3  h post-extubation [6, 9, 12], 
four studies conducted assessments at 4–6  h post-
extubation [15, 16, 33, 36], nine studies assessed PED 
within ≤ 24  h post-extubation [7, 8, 17–19, 31, 34, 40, 
41], three studies assessed PED within ≤ 48  h post-
extubation [5, 20, 37], and four studies evaluated PED 
at > 24  h post-extubation [21, 22, 29, 38]. In terms of 
study quality, eight of the included studies were cat-
egorized as high quality, while the remainder were 
deemed of moderate quality (see Additional 1: Tables 
S3, S4).

Meta‑analysis results
Utilizing the random-effects model, the pooled incidence 
of PED was estimated to be 36% (95% CI 29.0%–44.0%, 
I2 = 97.06%, p < 0.001; Fig.  2), indicating a substantial 
degree of heterogeneity. Despite conducting additional 
subgroup analyses, the source of this high heterogene-
ity remained elusive. However, the results of the meta-
regression analysis revealed that sample size (p < 0.001), 
assessment time (p = 0.027) and mean intubation time 
(p = 0.045) emerged as the significant factor contributing 
to the heterogeneity.

Subgroup analysis of incidence
The subgroup analyses yielded the following incidence 
rates of PED based on assessment time post-extubation: 
the incidence of PED within 3 h post-extubation was 31% 
(95% CI 8.0–59.0), 4–6  h was 28% (95% CI 22.0–35.0, 
I2 = 78.56%, p < 0.001), within 24 h was 41% (95% CI 33.0–
49.0, I2 = 88.99%, p < 0.001), and within 48 h was 49%. In 
addition, the incidence of PED beyond 24 h post-extuba-
tion was 37% (95% CI 23.0–52.0, I2 = 91.73%, p < 0.001) 
(Additional file 1: Fig. S1). Furthermore, when analyzing 
studies based on sample size (N), the overall incidence 
of PED was found 51% (95% CI 39.0–63.0, I2 = 87.11%, 
p < 0.001) for studies with N < 100 participants, 37% 
(95% CI 31.0–43.0, I2 = 84.74%, p < 0.001) for studies 
with 100 < N ≤ 200 participants, 32% (95% CI 20.0–46.0, 

Fig. 1  Flowchart of study selection
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I2 = 97.16%, p < 0.001) for studies with 200 < N ≤ 300 
participants, and 16% (95% CI 8.0–26.0, I2 = 97.07%, 
p < 0.001) for studies with N > 300 participants (see Addi-
tional file  1: Fig. S2). In addition, further analyses were 
conducted based on assessment tool, mean intubation 
time, mean age, ICU type, evaluator, publication year, 
study design and study quality (see Additional file 1: Figs. 
S3–S11).

Results of meta‑regression analysis
In the meta-regression analysis, we examined PED assess-
ment time, sample size, assessment tools, mean intuba-
tion time, mean age, ICU type, evaluator, publication 
year, study design and study quality as potential covari-
ates to identify the source of heterogeneity (Table  2). 
The univariate meta-regression analysis revealed a sta-
tistically significant correlation between incidence and 
sample size, assessment time and mean intubation time. 
Bubble plots of meta-regression of covariates were shown 
in Additional (see Additional file 1: Figs. S12–S22).

Sensitivity analysis
Sensitivity analysis showed that the incidence of PED 
ranged from 29 to 44% (see Additional file  1: Fig. S23). 
The marginal variance between these results and the 
pooled incidence was minimal, suggesting that the result 
of the pooled incidence being stable and reliable.

Publication bias
In our study, publication bias was detected by the funnel 
plot (see Additional file  1: Fig. S24). We found that the 
adjusted effect size was similar to the original effect size 
(p < 0.01) (see Additional file 1: Fig. S25).

Certainty of the evidence
The certainty of evidence was very low for all compari-
sons performed according to the GRADE rating [28]. 
Thus, it can be considered that the certainty of the evi-
dence regarding the incidence of PED in this review is 
very low (Table 3).

Discussion
This systematic review and meta-analysis aimed to esti-
mate the incidence of PED in ICU patients. The study 
revealed an overall incidence of PED in ICU patients who 
underwent orotracheal intubation to be 36.0%. This inci-
dence rate was comparable to the incidence of dysphagia 
resulting from stroke (36.30%) [45] and aligned with the 
incidence of PED observed in ICU patients (36%) [46]. 
However, it was slightly lower than the 41% reported in 
the meta-analysis conducted by McIntyre et  al. [4]. The 

incidence of PED among ICU patients who underwent 
orotracheal intubation was high, ICU medical profes-
sionals, especially nurses should raise awareness about 
PED. However, the included studies were characterized 
by diversity and heterogeneity in assessment time and 
assessment tools signaled the need for obtaining consen-
sus on a range of issues, including assessment time and 
assessment tools appropriate for ICU.

Sample size
This review identified sample size as a significant source 
of heterogeneity (p < 0.001). Notably, the incidence of 
PED demonstrated a gradual decrease as the sample size 
of the studies increased. In larger scale studies, such as 
those conducted by McIntyre et  al. and Schefold et  al., 
simpler assessment tools are employed, allowing for 
quick completion [10, 12]. However, the reliability and 
validity of some of these tools remain unverified. Con-
versely, certain studies are conducted by highly trained 
professionals using the gold standard for PED assessment 
[9, 29, 31], which, while more accurate, is also time-con-
suming and costly [47]. In addition, some ICU patients, 
due to their unstable conditions, are unable to complete 
the gold standard assessment, resulting in relatively 
smaller sample sizes for these studies.

In statistics, sample size is intricately linked to result 
stability, and the confidence intervals for subgroups with 
N < 100 in this study exhibited a wider range, this might 
diminish the result precision and lead to larger devia-
tions from the true value. However, as the sample size 
increased to 100 < N ≤ 300, the confidence intervals nar-
rowed in comparison to other subgroups. Consequently, 
when sample size was 100 < N ≤ 300, the PED incidence 
rates were more close with the overall PED rate. Accord-
ing to the central limit theorem, if the sampling method 
remains consistent, results obtained from larger samples 
are more stable and closer to the true value [48, 49]. It 
is worth noting that the confidence intervals for the sub-
group with N > 300 in this study were wider and demon-
strated a larger divergence from the total PED incidence. 
Therefore, in future studies, careful consideration of the 
sample size, based on the detection rate of the assess-
ment tool used, is advisable to ensure both the stability 
and reliability of the results.

Mean intubation time
This review identified mean intubation time as a sig-
nificant source of heterogeneity (p = 0.045). Variances 
in mean intubation time among ICU patients undergo-
ing orotracheal intubation can lead to differing degrees 
of mucosal damage in the oropharynx and larynx [2, 
50], thereby resulting in varying incidence rates of 
PED. For instance, Malandraki et  al. have reported that 
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prolonged intubation is associated with more than a 
12-fold increased risk of moderate/severe dysphagia 
compared to shorter intubation durations, and this effect 
is particularly pronounced among elderly patients [51]. 
Moreover, studies have demonstrated that ICU patients 
with extended orotracheal intubation periods leading 
to PED also exhibit diminished tongue and lip strength, 
protracted oral food transportation, slower swallowing, 
and muscle weakness in swallowing-related muscles [24, 
46]. In view of these findings, ICU medical professionals 
should routinely evaluate the need for orotracheal intu-
bation, strive to minimize the duration of mechanical 
ventilation.

PED assessment time
This review identified assessment time as a significant 
source of heterogeneity (P = 0.027). It is important to 
note that there are currently no established guidelines 
recommending the optimal timing for the initial assess-
ment of PED in ICU patients who have undergone oro-
tracheal intubation. Consequently, the assessment time 
varies widely across studies, resulting in PED incidence 
rates ranging from 28 to 49% among subgroups. Inter-
estingly, the incidence of PED assessed within ≤ 3  h 
post-extubation appeared lower than that assessed 
within ≤ 24 h and ≤ 48 h post-extubation. This difference 
may be attributed to the study by Schefold et al., which 

featured a shorter intubation duration [12]. Therefore, the 
incidence of PED assessed within ≤ 3 h post-extubation in 
ICU patients with orotracheal intubation may be under-
estimated. Moreover, it is essential to highlight that some 
ICU patients, particularly those with severe illnesses and 
extended intubation time, may face challenges in comply-
ing with post-extubation instructions provided by health-
care personnel. Paradoxically, this group of patients is at 
a higher risk of developing PED, subsequently increasing 
their susceptibility to post-extubation pneumonia [11]. 
ICU professionals should evaluate swallowing function in 
patients post-extubation; early identification of patients 
at risk for PED to reduce complications. If PED is iden-
tified, nurses should follow-up assessments at multiple 
time to obtain a thorough comprehension of PED recov-
ery trajectory among PED patients, which can serve as a 
foundation for determining the timing of clinical inter-
ventions accurately.

PED assessment tools
Despite the subgroup analyses and meta-regression 
results indicating that PED assessment tools did not 
contribute to the observed heterogeneity, it is impor-
tant to acknowledge the wide array of assessment tools 
employed across the studies included in this review. The 
study’s findings revealed that the results of the GUSS and 
BSE assessments were most closely aligned with the gold 

Fig. 2  Overall pooled incidence of PED in ICU
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standard screening results. In contrast, the PEDS assess-
ment results tended to be higher than those derived from 
the gold standard assessment. Furthermore, the results 
of other assessment tools generally yielded lower inci-
dence rates of PED, possibly attributable to variations 
in specificity or sensitivity. FEES and VFSS assessments 
are recognized for their meticulous scrutiny of patients’ 
swallowing processes, including the detection of food 
residue and aspiration, which may not be as compre-
hensively addressed by other assessment methods [51]. 
Assessment tools such as BSE, SSA, GUSS, WST, and 
other clinical methods do not provide direct visualiza-
tion of the swallowing process. Instead, assessors rely on 
the observation of overt clinical symptoms during the 
patient’s initial food or water intake to judge the presence 
of PED. However, these methods may overlook occult 
aspiration in patients, potentially resulting in an under-
estimation of PED incidence. In contrast, PEDS, which 
primarily assesses patients based on their medical history 
and plumbing symptoms without screening for drinking 
or swallowing, may overestimate PED incidence. Con-
sidering the varying strengths and limitations of existing 
assessment tools, ICU professionals select appropriate 
PED assessment tool based on the characteristics of the 
critically ill patient. Early and rapid identification of PED, 
before the use of more complex and expensive assess-
ment tools, minimizes the occurrence of complications 
in patients.

Strengths and weaknesses
In this study, we conducted a comprehensive analysis of 
the incidence of PED in ICU patients who underwent 
orotracheal intubation across various subgroups, reveal-
ing a notable degree of heterogeneity among the included 
studies. In our study, we have expanded the search as 
much as possible and included a total of 30 papers after 
screening, half of which were published after 2020. There 
are several limitations that should be considered when 
interpreting the results of this meta-analysis. First, there 
was varied heterogeneity between methodological of 
the study and estimates of prevalence that may question 
the appropriateness of calculating pooled prevalence 
estimates. However, in order to address this heteroge-
neity, we addressed the heterogeneity with applying a 
random-effect model and conducting subgroup analysis 
and meta-regression to explore three sources of hetero-
geneity. Second, the overall quality of evidence for the 
incidence of PED was rated as low according to GRADE. 
Higher quality original studies on the incidence of PED 
should be performed in the future. As a result, the find-
ings should be interpreted with caution in such cases.

Conclusion
In conclusion, our systematic review and meta-analysis 
revealed a high incidence of PED among ICU patients 
who underwent orotracheal intubation. It is also worth 
noting that the incidence of PED in the ICU may be 
underestimated. It is expected to increase awareness 
about the issue of PED among ICU patients. It will be 
important to develop guidelines or consensus on the 
most appropriate PED assessment time and assessment 
tools to accurately assess the incidence of PED.

Relevance to clinical practice
Each year, a substantial number of critically ill patients, 
ranging from 13 to 20 million, necessitate endotracheal 
intubation to sustain their lives. Patients undergoing 
orotracheal intubation are at heightened risk of develop-
ing PED. PED has been linked to prolonged hospital and 
ICU length of stay, increased rates of pneumonia, and all-
cause mortality. Early identification of high-risk patients 
by clinical nurses is critical for reduce patient burden and 
adverse outcomes.

•	 Early and multiple times assessment: Future investi-
gations should early assess PED in clinical practice, 
especially within 6  h post-extubation. Furthermore, 
we suggest for follow-up assessments at multiple 
time to obtain a thorough comprehension of PED 
incidence and the recovery trajectory among ICU 
patients who have undergone orotracheal intubation.

•	 Assessment tool: Considering the varying strengths 
and limitations of existing assessment tools, ICU 
professionals should carefully evaluate the charac-
teristics of critically ill patients and select appropri-
ate assessment tools, before the use of more complex 
and expensive assessment tools.

•	 Routinely evaluate the need for orotracheal intuba-
tion: Healthcare professionals should routinely evalu-
ate the need for orotracheal intubation, strive to min-
imize the duration of mechanical ventilation.
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