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Abstract
Introduction  Mechanical thrombectomy (MT) is an established treatment approach in acute ischemic stroke patients with 
large vessel occlusion (LVO). Recent studies suggest that the prevalence of dysphagia and pneumonia risk is increased in 
this patient population. The aim of this study was to systematically evaluate the prevalence, predictors, and influence of 
neurogenic dysphagia for 3-month outcome in a large population of patients receiving MT and to elucidate the relationship 
between dysphagia, stroke-associated pneumonia (SAP) and medium-term functional outcome.
Materials and methods  Data of a prospective collected registry of patients with LVO and MT between 2016 and 2019 were 
analyzed retrospectively. Binary logistic regression was carried out to determine predictors for dysphagia and 3-month 
outcome as measured by the modified Rankin Scale, respectively. A mediation analysis was performed to investigate the 
mediating influence of intercurrent SAP.
Results  A total of 567 patients were included in the study. Mean age was 73.4 years, 47.8% of the patients were female, and 
median NIHSS was 15.0. The prevalence of dysphagia was 75.1% and 23.3% of all patients developed SAP. In the regression 
analysis, dysphagia was one of the main independent predictors for poor functional outcome at 3 months. The mediator analy-
sis revealed that the effect of dysphagia on the functional outcome at 3 months was not mediated by the occurrence of SAP.
Discussion  The prevalence of dysphagia is high and exerts both negative short- and medium-term effects on patients with 
large vessel occlusion who undergo MT.
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Introduction

Endovascular treatment or mechanical thrombectomy (MT) 
is an established treatment approach in acute ischemic 
stroke (AIS) patients with large vessel occlusion (LVO), 
resulting in a significantly lower degree of 90-day dis-
ability [1, 2]. Dysphagia is a common complication fol-
lowing acute stroke with a reported prevalence of at least 
50% depending on diagnostic criteria, evaluation methods 
and lesion location [3]. Aspiration, the most severe symp-
tom of dysphagia, occurs in approximately 40% of acute 
stroke patients, the majority of which is silent aspiration 
due to, for example, reduced sensation or reduced cough 
[4]. Next to stroke-induced immunosuppression, dysphagia 
is considered a major cause for stroke-associated pneumo-
nia (SAP), which has been reported in approximately 10% 
of acute stroke patients [5]. Among post-stroke infections, 
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SAP has the highest impact on relevant outcome parameters, 
as it increases the risk of mortality, disability and prolongs 
hospital stays [6, 7]. Functional outcome has been shown 
to be reduced in association with SAP both on discharge 
and in long-term follow-up [8, 9]. A recent publication indi-
cates that the risk for SAP is increased after MT, possibly 
due to endotracheal intubation and prolonged ventilation 
[10]. Although the relationship between stroke, dyspha-
gia and pneumonia is well established, it is still unknown 
whether acute ischemic stroke patients receiving MT pre-
sent a higher risk for aspiration. Also, medium-term effects 
of dysphagia on functional outcomes are not well studied 
in this cohort. Finally, the impact of SAP on medium-term 
functional outcomes has not been examined in patients with 
LVO undergoing MT. The aim of this study was to system-
atically evaluate the prevalence, predictors, and influence 
of neurogenic dysphagia for 3-month outcome in a large 
population of AIS patients receiving MT and to elucidate 
the relationship between dysphagia, SAP and medium-term 
functional outcome.

Materials and methods

Data acquisition and patient cohort

We analyzed data of a prospective collected registry of 
patients with an acute ischemic stroke admitted to a single 
tertiary center (RWTH Aachen University hospital). We 
selected adult stroke patients with LVO who had under-
gone MT between 2016 and 2019 and received a clinical or 
instrumental dysphagia assessment. The following data were 
collected from the local registry: demographic information; 
co-morbidities like hypertension, diabetes mellitus type 2 or 
atrial fibrillation; clinical and stroke characteristics; stroke 
severity as depicted by the National Institute of Health 
Stroke Scale (NIHSS) at admission; size of final infarction 
in computed tomography (CT) after MT evaluated by the 
Alberta Stroke Program Early CT Score (ASPECTS) in the 
last cranial CT before hospital discharge [11]; treatment 
with intravenous thrombolysis; occurrence of parenchymal 
hemorrhage type 2 (PH2) as defined by the European Coop-
erative Acute Stroke Study [12]; successful recanalization 
(defined as an rTICI score of 2b, 2c or 3); extubation imme-
diately after thrombectomy (yes/no); hours of mechanical 
ventilation and modified Rankin Scale at 3 months (mRS90). 
The latter is assessed routinely 3 months after ischemic 
stroke per phone as part of the information from the local 
registry. Favorable outcome was defined as mRS 0–2. Addi-
tionally to these data, we defined frailty for all patients by 
calculating the Hospital Frailty Risk Score (HFRS) [13]. 
For this purpose, the International Classification of Dis-
eases (ICD-10) codes, tenth revision, were retrieved from 

the hospital information system. The HFRS was specifically 
developed to identify patients with greater risks of adverse 
outcomes [13]. It allows categorizing patients as low frailty 
risk (HFRS < 5), intermediate frailty risk (HFRS 5–15) or 
high frailty risk (HFRS > 15). Management of AIS patients 
with LVO in our center follows national and international 
recommendations and details of the treatment pathways may 
be found in previous publications from our center [14, 15].

As retrospective chart reviews are prone to coding biases, 
we performed a comprehensive re-evaluation of the diag-
nosis dysphagia and pneumonia for all included patients as 
follows.

Dysphagia

After first clinical judgement of the physician, Speech and 
Language Therapists (SLT) performed a Clinical Bedside 
Assessment (CBA) including patient status, oral motor 
assessment and swallow trials with different textures, if 
possible. Additionally, patients received a Fiberoptic Endo-
scopic Evaluation of Swallowing (FEES) according to the 
discretion of the SLT and after discussion with the treating 
physician. If vigilance was reduced and therefore, a formal 
swallowing examination could not be performed, the patient 
was coded as having dysphagia in this study as oral intake 
was not possible. As per our Standard Operating Procedures, 
all stroke patients were seen on the day of admission or as 
soon as possible. Dates of first contact with an SLT were 
recorded.

Stroke‑associated pneumonia

The diagnosis of pneumonia in this study was based on the 
modified Centers for Disease Control and Prevention (CDC) 
criteria for definite SAP [16]: Subjects were required to meet 
one of the following criteria: fever ≥ 38.3 °C; leukopenia; 
leukocytosis; for adults > 70 years, a change in mental status 
for no other reason than pneumonia. Also, two of the fol-
lowing characteristics had to be present: productive cough, 
dyspnea or tachypnea; purulent sputum or change of char-
acteristics of the sputum; inspiratory crackle or bronchial 
breathing; abnormal respiratory examination or worsening 
gas exchange. Pathological X-ray imaging findings were also 
mandatory. The diagnosis of pneumonia had to occur within 
7 days after stroke in order to qualify as SAP. The date of 
diagnosis was recorded.

Statistics

In order to visualize the flow and distribution of the critical 
events, we first created an alluvial diagram for the variables 
NIHSS, no immediate extubation after MT, dysphagia, SAP 
and mRS90. For purposes of visualization, we partitioned the 
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NIHSS at admission into quartiles. The alluvial diagram was 
generated using RawGraphs 2.0 (https://​app.​rawgr​aphs.​io/). 
Inferential statistics were performed as follows: SPSS (Version 
28; IBM SPSS Statistics) and jamovi 2.2.5 were used for data 
analysis. Absolute numbers and percentages for nominal and 
categorical variables were described. To determine significant 
associations between the dependent variable dysphagia and 
independent variables, the χ2 test, Mann–Whitney U test or t-test 
were used for univariate analysis. Binary logistic regression was 
carried out to determine predictors for dysphagia, respectively, 
3-month outcome as measured by the modified Rankin Scale 
(mRS90), binarized into favorable (mRS 0–2) and poor clinical 
outcomes (mRS > 2). As we were interested in the mediating 
influence of intercurrent stroke-associated pneumonia (SAP) on 
functional outcomes, we performed a mediation analysis with 
dysphagia (among others) being the independent variable (IV), 
SAP being the mediator and mRS90 serving as the dependent 
variable. Significance of the respective a-pathways from the IVs 
to the mediator was tested using appropriate univariate statistics. 
A p value < 0.05 was considered statistically significant for all 
tests.

Ethics board approval

The study design and protocol based on the local registry of 
patients with acute ischemic stroke were approved by the local 
Ethics Committee at RWTH Aachen University, Faculty of 
Medicine (vote number: EK 335–15). Patient data did not result 
from additional research activity and were fully anonymized 
prior to analysis. Thus, no informed consent was necessary 
according to German legislation and data protection rules.

Results

Descriptives

Between 2016 and 2019, a total of 602 AIS patients were 
admitted in our center and underwent MT. For 35 patients 
(5.8%), no information regarding dysphagia could be retrieved 
retrospectively, due to early death or transfer to another hos-
pital before an examination was possible. Therefore, 567 
patients were included in the study. Mean age was 73.4 years 
(SD 13.3), 271 patients were female (47.8%), and median 
NIHSS was 15.0 (interquartile range [IQR] = 9.0–19.0). Reca-
nalization was successful in 507 (89.4%) of the patients, and 
261 patients (46.0%) were treated with intravenous throm-
bolysis. SAP was observed in 132 patients (23.3%). The inci-
dence of pneumonia was significantly higher in the patient 
group with versus without dysphagia (29.8% versus 3.5%; 
p < 0.001). SAP typically was diagnosed early in the course 
of the hospital stay (mean day 1.89, SD 1.84).

In-hospital mortality was 19.8% (n = 112) and was sig-
nificantly higher in the group with versus without dyspha-
gia (26.1% versus 0.7%; p < 0.001). For an overview of the 
included patients, see Fig. 1.

Prevalence and predictors for dysphagia

Of the included 567 patients, 426 (75.1%) were diagnosed 
with dysphagia. Dysphagia diagnosis was either based on 
FEES by SLT (n = 155; 27.3% of all cases), CSE by SLT 
(n = 409; 72.1%) or clinical judgement by physician only 
(n = 3; 0.5%). Time of contact with an SLT was the day of 
admission or the day after for 92.2% of patients. In the sub-
group which received FEES, only 11 patients (7.1%) presented 
with no dysphagia at all, while 115 patients (74.2%) showed 
a moderate or severe dysphagia with 40.6% of aspiration 
according to the Penetration-Aspiration Scale [17]. Patients 
with dysphagia were significantly older, had a higher risk of 
frailty according to HFRS, a more severe stroke according to 
NIHSS, a lower final ASPECTS and a higher prevalence of 
diabetes mellitus. With respect to recanalization treatment, 
patients with dysphagia were less frequently extubated imme-
diately after MT and received significantly more ventilation 
hours. For an overview of the study population and the results 
of univariate analysis, see Table 1. In the multivariate binary 
logistic regression, the variables HFRS, age, NIHSS, final 

Fig. 1   Flow diagram of analyzed patients. AIS acute ischemic stroke; 
MT mechanical thrombectomy, FEES fiberoptic endoscopic evalua-
tion of swallowing; CBA clinical bedside assessment; mRS90 modi-
fied Rankin Scale at 3 months after stroke

https://app.rawgraphs.io/
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ASPECTS and ventilation hours were independent predictors 
for dysphagia after MT (Table 2).

Chronological flow of the critical events

It is apparent from the alluvial diagram (Fig. 2) that a 
substantial proportion of patients was not extubated 
immediately after MT. The proportion slightly increases 
with increasing NIHSS scores. Still, no NIHSS group is 
exempt from failure to extubate. A significant proportion 
of both groups goes on to be diagnosed with dysphagia, 
with a higher percentage in the “no extubation” stream. 
Crucially, almost no patient without dysphagia goes on 
to develop SAP, while this is the case for a substantial 
part of the patients with dysphagia. From the graphic, it 
seems as if a large proportion of patients with SAP pro-
gresses to a poor medium-term functional outcome, while 
this is more evenly distributed in the “no SAP” cohort. 
From this graphic, it becomes clear that both dysphagia as 
well as SAP are important crossroads in the patient trajec-
tory. However, this does not necessarily imply causality or 
significant association. These were tested in the following 
analyses.

Table 1   Study population and 
results of univariate analysis 
for patients with vs. without 
dysphagia after MT (n = 567)

p-values less than the predefined threshold of < 0.05 are highlighted in bold
Values are shown as n (%), median (P25-P75) or mean (± SD). Missing data for: NIHSS (n = 8), ASPECTS 
(n = 3), previous stroke (n = 1); Atrial fibrillation (n = 1); level of significance p < 0.05 based on Chi-Square 
test for nominal variables, Mann–Whitney U test for ordinal variables, t-test for continuous variables
MT mechanical thrombectomy, HFRS Hospital Frailty Risk Score, NIHSS National Institutes of Health 
Stroke Scale, ASPECTS Alberta Stroke Program Early CT

Risk factor Dysphagia
n = 426

No dysphagia
n = 141

p value

Sociodemographic characteristics
 Age (years) 74.9 (± 12.8) 68.9 (± 13.71)  < 0.001
 Male sex 221 (51.9%) 75 (53.2%) 0.787

Frailty
 HFRS 14.4 (10.6–18.8) 8.7 (6.2–12.3)  < 0.001

Stroke severity and characteristics
 NIHSS at admission 16.0 (12.0–20.0) 8.0 (4.0–15.0)  < 0.001
 Final ASPECTS 6.0 (4.0–8.0) 8.0 (7.0–9.0)  < 0.001
 Parenchymal hemorrhage type 2 18 (4.2%) 2 (1.4%) 0.117
 Vertebrobasilar territory 52 (12.2%) 13 (9.2%) 0.335
 Cardioembolism 238 (55.9%) 79 (56.0%) 0.974

Comorbidities
 Hypertension 352 (82.6%) 107 (75.9%) 0.077
 Atrial fibrillation 206 (48.4%) 65 (46.1%) 0.625
 Diabetes mellitus 125 (29.3%) 29 (20.6%)  < 0.001
 Dyslipidemia 116 (27.2%) 45 (31.9%) 0.285
 Previous stroke 82 (19.3%) 19 (13.5%) 0.118

Recanalization treatment
 Successful recanalization 376 (88.3%) 131 (92.9%) 0.120
 Intravenous thrombolysis 187 (43.9%) 74 (52.5%) 0.076
 No extubation after MT 304 (71.4%) 64 (45.4%)  < 0.001
 Ventilation duration (hours) 155.2 (± 292.0) 6.27 (± 49.6)  < 0.001

Table 2   Multivariate binary logistic regression of possible predictors 
for dysphagia after MT (n = 567)

p-values less than the predefined threshold of < 0.05 are highlighted 
in bold
Missing data for: NIHSS (n = 8), ASPECTS (n = 3); level of signifi-
cance p < 0.05
MT mechanical thrombectomy, HFRS Hospital Frailty Risk Score, 
NIHSS National Institutes of Health Stroke Scale, ASPECTS Alberta 
Stroke Program Early CT, OR odds ratio, CI confidence interval

Predictor OR (95% CI) p value

HFRS (per 1-point increase) 1.16 (1.10–1.22)  < 0.001
Age (per 1-year increase) 1.03 (1.01–1.05) 0.001
Diabetes mellitus 1.93 (1.00–3.73) 0.051
NIHSS at admission (per 1-point 

increase)
1.10 (1.06–1.15)  < 0.001

Final ASPECTS (per 1-point increase) 0.66 (0.57–0.77)  < 0.001
Ventilation duration (per 1-h increase) 1.01 (1.00–1.02) 0.028
No extubation after MT 1.49 (0.88–2.53) 0.142
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Functional outcome at 3 months after stroke

Modified Ranking Scale scores at 3 months after stroke were 
collected per phone as part of the information from the local 
registry. From the original cohort, mRS90 could be retrieved 
for 420 patients with complete NIHSS. A favorable outcome 
occurred in 160 patients (37.5%), while a poor outcome was 
found in 267 patients (62.5%). A comparison of the two 
groups showed many known factors and comorbidities to 
be associated with poor 3-month outcome (see Supplemen-
tary material Table S1). Importantly, patients with a poor 
3-month outcome had significantly higher rates of dysphagia 
and SAP. In the multivariate binary logistic regression, the 
variables age, HFRS, final ASPECTS, dysphagia, no extu-
bation after MT, ventilation hours and no successful reca-
nalization were independent predictors for a poor 3-month 
outcome (Table 3). The mediator analysis revealed that the 
effect of dysphagia on the functional outcome was not medi-
ated by the occurrence of stroke-associated pneumonia (see 
Supplementary material Table S2).

Discussion

To our knowledge, this is the first study examining the com-
plex relationship between factors predicting dysphagia after 
endovascular stroke treatment, its role in stroke-associated 

Fig. 2   Alluvial diagram of the critical clinical events and outcomes 
(n = 420); NIHSS Quartile: National Institutes of Health Stroke Scale 
Quartile, quartile ranges: Q1: < 9, Q2: 9–14; Q3: 15–18, Q4: > 19; 

SAP stroke-associated pneumonia; mRS90 modified Rankin Scale at 
3 months after stroke

Table 3   Multivariate binary logistic regression of possible predictors 
for poor functional outcome at 3 months (n = 420)

p-values less than the predefined threshold of < 0.05 are highlighted 
in bold
Level of significance p < 0.05
NIHSS National Institutes of Health Stroke Scale, HFRS Hospital 
Frailty Risk Score, ASPECTS Alberta Stroke Program Early CT; SAP 
stroke-associated pneumonia; MT mechanical thrombectomy, OR 
odds ratio; CI confidence interval

Predictor OR (95% CI) p value

NIHSS at admission (per 1-point 
increase)

1.02 (0.98–1.07) 0.286

Age (per 1-year increase) 1.06 (1.04–1.09)  < 0.001
Hypertension 1.76 (0.82–3.77) 0.149
Diabetes mellitus 0.92 (0.47–1.80) 0.809
HFRS (per 1-point increase) 1.05 (1.00–1.11) 0.039
Final ASPECTS (per 1-point increase) 0.72 (0.61–0.83)  < 0.001
SAP 1.00 (0.47–2.13) 0.992
Dysphagia 3.51 (1.69–7.28)  < 0.001
Ventilation duration (per 1-h increase) 1.00 (1.00–1.01) 0.012
No extubation after MT 2.43 (1.35–4.36) 0.003
Atrial fibrillation 1.18 (0.63–2.19) 0.604
Intravenous thrombolysis 0.81 (0.46–1.42) 0.460
Successful recanalization 0.30 (0.09–0.94) 0.038
Parenchymal hemorrhage type 2 3.31 (0.34–31.90) 0.301
Vertebrobasilar territory 2.50 (0.95–6.55) 0.063
Previous stroke 1.85 (0.85–4.04) 0.124
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pneumonia and in predicting functional outcome at 3 months 
in a large patient cohort. Even though the majority of 
patients received their diagnosis based on a clinical assess-
ment, we provide a substantial number of instrumental diag-
nostics, supporting the high prevalence in this patient popu-
lation. In our cohort, 155 patients (27.3%) received FEES. 
In this selected subgroup, 115 patients (74.2%) showed a 
moderate or severe dysphagia. This high rate of dysphagia 
has already been described previously in a much smaller 
cohort [18]. These rates exceed the reported prevalence of 
dysphagia after stroke in a general population, even when 
using instrumental testing like FEES [3, 19]. It has to be 
considered that only indirect comparisons can be made as 
long as no study exists comprising both MT and no-MT 
cohorts. This of course is difficult for a variety of reasons, 
both ethical and methodological.

The high prevalence for dysphagia after MT is proba-
bly multifactorial: First of all, the brain areas that are most 
susceptible to damage by a large vessel occlusion such as 
insula and internal capsule have been shown to be essentially 
involved in swallowing function [20]. Secondly, the treat-
ment itself can contribute to the prevalence of dysphagia: 
as is standard in many centers, all patients in our sample 
underwent MT under general anesthesia. As for now, it is 
still unclear whether this approach leads to poorer functional 
outcome at 3 months in comparison with conscious sedation 
[21]. In a previous study, shorter ventilation time was associ-
ated with lower pneumonia rate and better clinical outcome 
[22]. Accordingly, the duration of ventilation is a predictor 
for dysphagia in our cohort, in addition to patient-related 
factors such as age, frailty and clinical and imaging markers 
of stroke severity.

More importantly, the presence of dysphagia itself is 
a predictor of further negative outcomes. Notably, it is an 
independent predictor of a poor functional outcome at three 
months. This relationship has been previously demonstrated 
in other stroke populations using both clinical as well as 
instrumental diagnostics [20, 23–25]. As such, we demon-
strate that this relationship also holds for patients undergoing 
MT. Considering the high rate of dysphagia in our cohort, 
this has important implications for prognosis and manage-
ment after discharge. Our data do not allow any conclu-
sions with respect to the mechanism, however. This should 
be studied prospectively. One potential factor could be the 
occurrence of SAP, which we will discuss in the following 
paragraph.

SAP is a known complication of stroke and dysphagia. 
Previously, the time between stroke without MT and the 
occurrence of SAP has been described to be in the range 
of 3–4 days [26]. It is noteworthy that in our cohort, SAP 
occurred earlier (day 1.89 on average). There is still the 
caveat that no direct comparisons can be made between these 
cohorts. However, one could speculate that the severity of 

the stroke and components of the therapy (such as intuba-
tion) contribute to this shifted temporal profile. Still, SAP 
occurred after diagnosis of dysphagia in our sample, sug-
gesting a causal mechanism. Using mediator analysis tech-
niques, we show that, although dysphagia is strongly related 
to SAP in our cohort, the detrimental effect of dysphagia on 
the functional outcome after 3 months is not mediated by the 
occurrence of SAP. This means that neurogenic dysphagia 
after stroke exerts both negative short- and medium-term 
effects on patients with LVO undergoing MT, but both occur 
independently of one another. Therefore, our data suggest 
that identifying dysphagia and successfully preventing SAP 
will not be enough to improve outcomes after stroke, as 
other factors, such as dysphagia-associated functional status 
or nutritional aspects, may play an additional role.

One interesting finding is the role of frailty as predictor 
for medium-term functional outcome in relation to dyspha-
gia. Frailty is defined by a cumulative physiological decline 
and loss of resistance when dealing with stressors [27]. In a 
previous study, we showed that high frailty risk measured by 
a HFRS > 15 points was associated with poor 3-month out-
come in stroke patients who received endovascular treatment 
[28]. In our multivariate logistic regression model, frailty is 
still an independent predictor even in the presence of dys-
phagia. Several studies have reported strong associations 
between dysphagia and frailty, suggesting that dysphagia is a 
main risk factor for frailty due to, e.g., nutritional status [29]. 
In our cohort, both are independent predictors for 3 month 
functional outcome. Therefore, the interrelation between 
frailty and dysphagia in stroke and LVO is still unclear and 
needs further investigation.

Due to the retrospective design of our study, potential 
confounding variables could not be fully controlled. One 
particularly challenging aspect of the study is the substan-
tial proportion of patients classified as having dysphagia 
due to their reduced state of consciousness on the basis of 
the argument that they are not investigable. However, two 
arguments speak against this view: First, vigilance and dys-
phagia are closely interrelated. Obviously, vigilance is a 
necessary precondition for successful swallowing particu-
larly with respect to the oral phase of swallowing. Several 
studies have shown that oral feeding is related to the level 
of consciousness in individuals with brain injuries [30, 31]. 
On top of that, however, one recent cohort study examined 
the incidence of dysphagia in individuals with disorders of 
consciousness using objective measurements like FEES 
and importantly reported that 99% of the subjects showed 
swallowing abnormalities also in the pharyngeal phase of 
swallowing [32]. Given this finding, it seems reasonable to 
assume that patients with reduced consciousness need to be 
classified as dysphagic by necessity. The second argument 
pertains to the frequency and clinical importance of consid-
ering these patients. Within the group that received clinical 
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bedside assessment, 105 patients (25.7%) had reduced con-
sciousness. This illustrates that these patients are clearly part 
of daily routine, and their outcomes need to be assessed, too. 
Excluding them would shift our sample substantially toward 
the less severely affected cases. In any case, leaving them 
out from our analyses did not change the results in a major 
way (sensitivity analysis, data not shown).

One potentially important limitation considering global 
generalization of our findings stems from the fact that all our 
patients underwent MT with general anesthesia and intuba-
tion. In our data, this has a clear impact on dysphagia and 
medium-term functional outcome. Our study cannot infer on 
settings where conscious sedation is employed. It would be 
highly interesting to compare both methods with each other 
regarding the prevalence of dysphagia and medium-term 
functional outcomes.

Also, no information on the duration or resolution of dys-
phagia was available, as were data on premorbid mRS values 
as well as body weight before and after stroke. It can be 
speculated that these factors could have an additional influ-
ence on our outcome parameters of interest. This should be 
addressed in prospective studies.

With respect to attrition bias, it has to be noted that 139 
patients were lost to follow-up (24.5%), which is substan-
tial. Additional analyses revealed that these patients were 
slightly more frail (HFRS 15.0 vs. 13.6; p = 0.019) but had 
a slightly better mRS on discharge (3.3 vs. 3.8, p = 0.022). 
Additionally, age, ASPECT scores, NIHSS or prevalence of 
dysphagia did not differ significantly (data not shown). Still, 
this limitation has to be acknowledged.

It is interesting to note that NIHSS on admission is not a 
predictor of functional outcome at three months. Consider-
ing that successful recanalization and final infarction size 
are independent predictors of functional outcome, this is a 
highly plausible finding and underlines the benefit of MT in 
LVO patients, even those presenting with clinically severe 
stroke.

In order to secure the maximal benefit of MT, it seems 
plausible that efforts to efficiently and comprehensively 
manage dysphagia should be pursued also in the long run, 
given that dysphagia is highly prevalent and seems to play 
an important role in determining medium-term outcomes 
after MT.

Conclusion

Our study shows that the incidence of dysphagia is very 
high in patients who received endovascular stroke treatment, 
particularly when (indirectly) compared to a general stroke 
population. The role of dysphagia is emphasized even more 
given the fact that it has both negative short-term effects 
(SAP) and a significant impact on medium-term functional 

outcome, independently from SAP. Structured dysphagia 
management programs both in and after discharge from hos-
pital should be evaluated regarding their effect on functional 
outcomes after LVO and MT.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00415-​023-​11940-7.

Author contributions  Data collection was contributed by BSW, JB, 
and JP. Design and concept were contributed by BSW, JP, and CJW. 
Literature review was contributed by BSW and JB. Statistical analyses 
and visualizations were contributed by BSW and CJW. Study supervi-
sion was contributed by ON, MW, JBS, AR, JP, and CJW. Writing of 
the first manuscript draft was contributed by BSW. Review of the final 
manuscript was contributed by all authors.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. None.

Data availability  Data not provided in the article may be shared 
(anonymized) at the request of any qualified investigator for purposes 
of replicating procedures and results.

Declarations 

Conflicts of interest  The authors report no competing interests.

Ethical approval  The study design and protocol were approved by the 
local Ethics Committee at RWTH Aachen University, Faculty of Medi-
cine (vote number: EK 335-15).

Informed consent  Patient data did not result from additional research 
activity and were fully anonymized prior to analysis. Thus, no informed 
consent was necessary according to German legislation and data pro-
tection rules.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Goyal M, Menon BK, van Zwam WH et al (2016) Endovascular 
thrombectomy after large-vessel ischaemic stroke: a meta-analy-
sis of individual patient data from five randomised trials. Lancet 
387:1723–1731. https://​doi.​org/​10.​1016/​S0140-​6736(16)​00163-X

	 2.	 Saver JL, Goyal M, van der Lugt A et al (2016) Time to treatment 
with endovascular thrombectomy and outcomes from ischemic 
stroke: a meta-analysis. JAMA 316:1279. https://​doi.​org/​10.​1001/​
jama.​2016.​13647

	 3.	 Martino R, Foley N, Bhogal S et al (2005) Dysphagia after stroke: 
incidence, diagnosis, and pulmonary complications. Stroke 

https://doi.org/10.1007/s00415-023-11940-7
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(16)00163-X
https://doi.org/10.1001/jama.2016.13647
https://doi.org/10.1001/jama.2016.13647


5965Journal of Neurology (2023) 270:5958–5965	

1 3

36:2756–2763. https://​doi.​org/​10.​1161/​01.​STR.​00001​90056.​
76543.​eb

	 4.	 Daniels SK, Brailey K, Priestly DH et al (1998) Aspiration in 
patients with acute stroke. Arch Phys Med Rehabil 79:14–19

	 5.	 Westendorp WF, Nederkoorn PJ, Vermeij J-D et al (2011) Post-
stroke infection: a systematic review and meta-analysis. BMC 
Neurol 11:110. https://​doi.​org/​10.​1186/​1471-​2377-​11-​110

	 6.	 Katzan IL, Dawson NV, Thomas CL et al (2007) The cost of pneu-
monia after acute stroke. Neurology 68:1938–1943. https://​doi.​
org/​10.​1212/​01.​wnl.​00002​63187.​08969.​45

	 7.	 Hannawi Y, Hannawi B, Rao CPV et al (2013) Stroke-associ-
ated pneumonia: major advances and obstacles. Cerebrovasc Dis 
35:430–443. https://​doi.​org/​10.​1159/​00035​0199

	 8.	 Bruening T, Al-Khaled M (2015) Stroke-associated pneumonia 
in thrombolyzed patients: incidence and outcome. J Stroke Cer-
ebrovasc Dis 24:1724–1729. https://​doi.​org/​10.​1016/j.​jstro​kecer​
ebrov​asdis.​2015.​03.​045

	 9.	 Teh WH, Smith CJ, Barlas RS et al (2018) Impact of stroke-
associated pneumonia on mortality, length of hospitalization, and 
functional outcome. Acta Neurol Scand 138:293–300. https://​doi.​
org/​10.​1111/​ane.​12956

	10.	 Schaller-Paule MA, Foerch C, Bohmann FO et al (2022) Predict-
ing poststroke pneumonia in patients with anterior large vessel 
occlusion: a prospective, population-based stroke registry analy-
sis. Front Neurol 13:824450. https://​doi.​org/​10.​3389/​fneur.​2022.​
824450

	11.	 Pexman JH, Barber PA, Hill MD et al (2001) Use of the Alberta 
Stroke Program Early CT Score (ASPECTS) for assessing CT 
scans in patients with acute stroke. AJNR Am J Neuroradiol 
22:1534–1542

	12.	 Hacke W, Kaste M, Fieschi C et al (1995) Intravenous thromboly-
sis with recombinant tissue plasminogen activator for acute hemi-
spheric stroke. The European Cooperative Acute Stroke Study 
(ECASS). JAMA 274:1017–1025

	13.	 Gilbert T, Neuburger J, Kraindler J et al (2018) Development 
and validation of a Hospital Frailty Risk Score focusing on older 
people in acute care settings using electronic hospital records: an 
observational study. Lancet 391:1775–1782. https://​doi.​org/​10.​
1016/​S0140-​6736(18)​30668-8

	14.	 Nikoubashman O, Jungbluth M, Schürmann K et al (2016) Neu-
rothrombectomy in acute ischaemic stroke: a prospective single-
centre study and comparison with randomized controlled trials. 
Eur J Neurol 23:807–816. https://​doi.​org/​10.​1111/​ene.​12944

	15.	 Nikoubashman O, Dekeyzer S, Riabikin A et al (2019) True first-
pass effect. Stroke 50:2140–2146. https://​doi.​org/​10.​1161/​STROK​
EAHA.​119.​025148

	16.	 Smith CJ, Kishore AK, Vail A et al (2015) Diagnosis of stroke-
associated pneumonia: recommendations from the pneumonia in 
stroke consensus group. Stroke 46:2335–2340. https://​doi.​org/​10.​
1161/​STROK​EAHA.​115.​009617

	17.	 Rosenbek JC, Robbins JA, Roecker EB et al (1996) A penetration-
aspiration scale. Dysphagia 11:93–98

	18.	 Lapa S, Neuhaus E, Harborth E et al (2022) Dysphagia assess-
ment in ischemic stroke after mechanical thrombectomy: when 

and how? Front Neurol 13:1024531. https://​doi.​org/​10.​3389/​fneur.​
2022.​10245​31

	19.	 Dziewas R, Warnecke T, Ölenberg S et al (2008) Towards a basic 
endoscopic assessment of swallowing in acute stroke: develop-
ment and evaluation of a simple dysphagia score. Cerebrovasc 
Dis 26:41–47. https://​doi.​org/​10.​1159/​00013​5652

	20.	 Paciaroni M, Mazzotta G, Corea F et al (2004) Dysphagia follow-
ing stroke. Eur Neurol 51:162–167. https://​doi.​org/​10.​1159/​00007​
7663

	21.	 Schönenberger S, Hendén PL, Simonsen CZ et al (2019) Associa-
tion of general anesthesia vs procedural sedation with functional 
outcome among patients with acute ischemic stroke undergoing 
thrombectomy: a systematic review and meta-analysis. JAMA 
322:1283–1293. https://​doi.​org/​10.​1001/​jama.​2019.​11455

	22.	 Nikoubashman O, Schürmann K, Probst T et al (2016) Clinical 
impact of ventilation duration in patients with stroke undergoing 
interventional treatment under general anesthesia: the shorter the 
better? AJNR Am J Neuroradiol 37:1074–1079. https://​doi.​org/​
10.​3174/​ajnr.​A4680

	23.	 Smithard DG, Smeeton NC, Wolfe CDA (2007) Long-term out-
come after stroke: does dysphagia matter? Age Ageing 36:90–94. 
https://​doi.​org/​10.​1093/​ageing/​afl149

	24.	 Arnold M, Liesirova K, Broeg-Morvay A et al (2016) Dysphagia 
in acute stroke: incidence, burden and impact on clinical outcome. 
PLoS ONE 11:e0148424. https://​doi.​org/​10.​1371/​journ​al.​pone.​
01484​24

	25.	 Warnecke T, Ritter MA, Kroger B et al (2009) Fiberoptic endo-
scopic dysphagia severity scale predicts outcome after acute 
stroke. Cerebrovasc Dis 28:283–289. https://​doi.​org/​10.​1159/​
00022​8711

	26.	 De Jonge JC, Van De Beek D, Lyden P et al (2022) Temporal 
profile of pneumonia after stroke. Stroke 53:53–60. https://​doi.​
org/​10.​1161/​STROK​EAHA.​120.​032787

	27.	 Clegg A, Young J, Iliffe S et al (2013) Frailty in elderly people. 
Lancet 381:752–762. https://​doi.​org/​10.​1016/​S0140-​6736(12)​
62167-9

	28.	 Pinho J, Küppers C, Nikoubashman O et al (2021) Frailty is an 
outcome predictor in patients with acute ischemic stroke receiving 
endovascular treatment. Age Ageing 50:1785–1791. https://​doi.​
org/​10.​1093/​ageing/​afab0​92

	29.	 Yang R-Y, Yang A-Y, Chen Y-C et al (2022) Association between 
dysphagia and frailty in older adults: a systematic review and 
meta-analysis. Nutrients 14:1812. https://​doi.​org/​10.​3390/​nu140​
91812

	30.	 Mélotte E, Maudoux A, Delhalle S et al (2018) Is oral feeding 
compatible with an unresponsive wakefulness syndrome? J Neurol 
265:954–961. https://​doi.​org/​10.​1007/​s00415-​018-​8794-y

	31.	 Bremare A, Rapin A, Veber B et al (2016) Swallowing disorders in 
severe brain injury in the arousal phase. Dysphagia 31:511–520. 
https://​doi.​org/​10.​1007/​s00455-​016-​9707-9

	32.	 Mélotte E, Maudoux A, Delhalle S et al (2021) Swallowing in 
individuals with disorders of consciousness: a cohort study. Ann 
Phys Rehabilit Med 64:101403. https://​doi.​org/​10.​1016/j.​rehab.​
2020.​04.​008

https://doi.org/10.1161/01.STR.0000190056.76543.eb
https://doi.org/10.1161/01.STR.0000190056.76543.eb
https://doi.org/10.1186/1471-2377-11-110
https://doi.org/10.1212/01.wnl.0000263187.08969.45
https://doi.org/10.1212/01.wnl.0000263187.08969.45
https://doi.org/10.1159/000350199
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.03.045
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.03.045
https://doi.org/10.1111/ane.12956
https://doi.org/10.1111/ane.12956
https://doi.org/10.3389/fneur.2022.824450
https://doi.org/10.3389/fneur.2022.824450
https://doi.org/10.1016/S0140-6736(18)30668-8
https://doi.org/10.1016/S0140-6736(18)30668-8
https://doi.org/10.1111/ene.12944
https://doi.org/10.1161/STROKEAHA.119.025148
https://doi.org/10.1161/STROKEAHA.119.025148
https://doi.org/10.1161/STROKEAHA.115.009617
https://doi.org/10.1161/STROKEAHA.115.009617
https://doi.org/10.3389/fneur.2022.1024531
https://doi.org/10.3389/fneur.2022.1024531
https://doi.org/10.1159/000135652
https://doi.org/10.1159/000077663
https://doi.org/10.1159/000077663
https://doi.org/10.1001/jama.2019.11455
https://doi.org/10.3174/ajnr.A4680
https://doi.org/10.3174/ajnr.A4680
https://doi.org/10.1093/ageing/afl149
https://doi.org/10.1371/journal.pone.0148424
https://doi.org/10.1371/journal.pone.0148424
https://doi.org/10.1159/000228711
https://doi.org/10.1159/000228711
https://doi.org/10.1161/STROKEAHA.120.032787
https://doi.org/10.1161/STROKEAHA.120.032787
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1093/ageing/afab092
https://doi.org/10.1093/ageing/afab092
https://doi.org/10.3390/nu14091812
https://doi.org/10.3390/nu14091812
https://doi.org/10.1007/s00415-018-8794-y
https://doi.org/10.1007/s00455-016-9707-9
https://doi.org/10.1016/j.rehab.2020.04.008
https://doi.org/10.1016/j.rehab.2020.04.008

	The relationship between neurogenic dysphagia, stroke-associated pneumonia and functional outcome in a cohort of ischemic stroke patients treated with mechanical thrombectomy
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Discussion 

	Introduction
	Materials and methods
	Data acquisition and patient cohort
	Dysphagia
	Stroke-associated pneumonia
	Statistics
	Ethics board approval

	Results
	Descriptives
	Prevalence and predictors for dysphagia
	Chronological flow of the critical events
	Functional outcome at 3 months after stroke

	Discussion
	Conclusion
	Anchor 21
	References




