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Aim: Post-stroke-delirium has been linked to worse outcome in patients with 
acute cerebrovascular disease; identification of individuals at risk may prevent 
delirium and thereby improve outcome. We investigate prognosis and factors 
associated with post-stroke-delirium in patients with large vessel occlusion 
(LVO) ischemic stroke treated by mechanical thrombectomy (MT).

Methods: 747 patients (53.4% female) prospectively enrolled in the Gutenberg-
Stroke-Study from May 2018–November 2022 were analyzed with regard to 
diagnosis of delirium. Group comparison of patient-, stroke- and treatment 
characteristics as well as computed tomography(CT)-imaging based parameters 
of cerebral atrophy (global cortical atrophy [GCA], posterior atrophy [Koedam], 
medial temporal lobe atrophy [MTA] scores) and white matter lesions (Fazekas 
score) was conducted. Independent predictors of delirium and the association 
of delirium with functional outcome at 90-day follow-up was investigated by 
multiple logistic regression analyses.

Results: We report 8.2% of patients (61/747) developing delirium following MT of 
LVO. Independent predictors were older age (aOR[95%CI] per year: 1.034[1.005–
1.065], p = 0.023), male sex (aOR[95%CI]: 2.173[1.182–3.994], p = 0.012), 
general anesthesia during MT (aOR[95%CI]: 2.455[1.385–4.352], p = 0.002), 
infectious complications (aOR[95%CI]: 1.845[1.031–3.305], p = 0.039), “other 
determined” etiology of stroke (aOR[95%CI]: 2.424[1.100–5.345], p = 0.028), 
and a MTA score exceeding age-specific cut-offs (aOR[95%CI]: 2.126[1.065–
4.244], p = 0.033). Delirium was independently associated with worse functional 
outcome (aOR[95%CI]: 2.902[1.005–8.383], p = 0.049) at 90-day follow-up.

Conclusion: Delirium is independently associated with worse functional 
outcome after MT of LVO, stressing the importance of screening and preventive 
measures. Besides conventional risk factors, pathological MTA scores and 
use of general anesthesia during MT may be easy-to-apply criteria to identify 
individuals at risk of delirium and implement prevention strategies.
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Introduction

Mechanical thrombectomy (MT) is a highly effective treatment 
for major ischemic stroke due to large vessel occlusion (LVO) and is 
now the standard of care for acute stroke treatment. However, patients 
who have suffered a major stroke are a group at high risk for 
developing complications during hospital stay (Shaw et al., 2019). A 
common complication in acute stroke patients is delirium, a syndrome 
characterized by an altered level of consciousness, disorganised 
thoughts or disorientation, psychomotor disturbances and circadian 
dysrhythmia, typically with acute onset and fluctuations over time. 
Delirium in stroke patients has been reported to be associated with 
worse outcomes (Shi et al., 2012).

Since treatment options are limited, delirium prevention is the 
goal for hospitalized patients. While interdisciplinary multicomponent 
interventions have proven effective for delirium prevention in the 
hospital setting (Burton et al., 2021), identification of individuals at 
risk of developing delirium may help to design more efficient and 
targeted preventive measures and enable timely diagnosis of delirium. 
Etiology of delirium is multifactorial and reports on risk factors vary 
throughout the literature with sometimes conflicting conclusions. 
Patient characteristics, including older age and premorbid cognitive 
decline; stroke characteristics, e.g., stroke location and severity; and 
further factors, such as infections, have all been reported to 
be associated with development of delirium in stroke patients (Rhee 
et al., 2022; Oldenbeuving et al., 2011; Hahn et al., 2023). Although 
clinical screening instruments for delirium in hospitalized patients 
have been developed, questions have been raised about their validity 
in patients with neurological deficits (Vater et al., 2024). Therefore, 
identification of risk factors and development of predictive tools may 
help to prevent and diagnose delirium in patients hospitalized due to 
acute stroke. The few predictive instruments that have been specifically 
developed for stroke patients largely remain to be externally validated 
(Drozdowska et al., 2021). Moreover, existing studies originate from 
mixed stroke cohorts, which predominantly consist of non-major 
stroke patients and include also patients with hemorrhagic stroke 
(Oldenbeuving et al., 2014). However, patients with LVO treated by 
MT constitute a distinct subgroup of stroke patients; data on delirium 
in these patients is sparse. These patients are poorly represented in 
published analyses of delirium, as mixed stroke cohorts contain few 
cases of MT or analyses were conducted before the era of MT as 
standard therapy for LVO (Shaw et al., 2019).

We investigate the association of patient-, stroke- and treatment 
characteristics with the development of delirium in a cohort of 
patients with LVO who were treated by MT. Additionally, we explore 
the role of easily obtainable imaging biomarkers of cerebral atrophy 
and white matter lesions (WML) arising from native computed 
tomography (CT) as a potential independent risk factor for developing 
delirium. Finally, we  analyze whether delirium is an independent 
predictor for functional outcome three months after MT of LVO.

Methods

Study cohort and outcome parameters

The Gutenberg-Stroke-Study is an ongoing monocentric, 
prospective, observational study that consecutively enrolls adult 

patients diagnosed with acute ischemic stroke in our certified German 
University Hospital stroke center. All 747 patients with LVO treated 
by MT enrolled in the Gutenberg-Stroke-Study from May 2018 to 
November 2022 were included in our primary analysis. Baseline 
demographics, cardiovascular comorbidities, clinical and procedural 
information as well as clinical follow-up after 90 days (carried out by 
standardized telephone interview) are recorded. At 90-day follow-up, 
good functional outcome was defined as modified Rankin Scale score 
(mRS) ≤2 or mRS equal to premorbid mRS in case of premorbid mRS 
>2. Excellent functional outcome was defined as mRS ≤1 or mRS 
equal to premorbid mRS in case of premorbid mRS >1. Cognitive 
outcome was evaluated by telephone-based Montreal Cognitive 
Assessment (MoCA) (Nasreddine et  al., 2005). Patients in our 
comprehensive stroke center are screened for delirium three times a 
day by stroke-unit nurses on the basis of the Nursing Delirium 
Screening Scale (NU-DESC) (Lütz et al., 2008) as specified in the local 
standard operating procedure. Diagnosis of delirum was then obained 
by the treating stroke-unit physician. We  extracted diagnosis of 
delirium during the hospital stay based on diagnosis as classified by 
the International Statistical Classification of Disease and related health 
problems – 10th revision (ICD-10) used for financial reimbursement 
from the healthcare providers. Possible confounders of delirium 
(premorbid dementia; acute infections such as pneumonia, urinary 
tract infection and/or sepsis) were also extracted by diagnosis as 
classified by the ICD-10.

Standard protocol approval and data 
availability

Study protocols and procedures were conducted in compliance 
with the Declaration of Helsinki and in accordance with local ethical 
guidelines. The Gutenberg-Stroke-Study was approved by the 
responsible ethics committee of the Landesärztekammer Rheinland-
Pfalz (approval number: 2018-13335-Epidemiologie). Written 
informed consent was obtained from all participants (or guardians of 
participants). The Gutenberg-Stroke-Study is registered in the German 
Clinical Trial Registry (DRKS00017253). The manuscript follows the 
STROBE guideline. The data supporting the findings of this study are 
available from the corresponding author on reasonable request from 
any qualified investigator.

Imaging biomarkers of cerebral atrophy 
and white matter lesions

Native CT scans from primary admission for stroke evaluation 
prior to acute stroke treatment were rated by trained neuroradiology 
physicians blinded from outcome parameters. Assessment included 
parameters of cerebral atrophy, namely global cortical atrophy score 
(GCA, ranging from 0 to 3 with 3 representing severe atrophy) 
(Pasquier et al., 1996), posterior atrophy score (PA, Koedam, ranging 
from 0 to 3 with 3 representing severe atrophy) (Koedam et al., 2011), 
and medial temporal lobe atrophy score (MTA, ranging from 0 to 4 
with 4 representing end stage atrophy) (Scheltens et al., 1992). Burden 
of WML was assessed by Fazekas score (ranging from 0 to 3 with 3 
representing the highest burden of WML) (Fazekas et  al., 1987). 
Taking into account normative values of brain atrophy (Cotta 
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Ramusino et  al., 2019; Rhodius-Meester et  al., 2017), age-specific 
cut-offs for pathological score values were set as follows: pathological 
GCA <75 years: ≥1, ≥75 years: ≥2; pathological PA <65 years: ≥1, 
≥65 years: ≥2; pathological MTA <65 years: ≥1, 65–79 years: >2, 
≥80 years: ≥3; pathological Fazekas <65 years: ≥1, 65–74 years: ≥2, 
≥75 years: 3.

Statistical analysis

The study cohort was divided into two comparison groups 
depending on diagnosis of delirium during hospital stay following 
MT. Statistical analyses were carried out on the basis of complete 
datasets for the respective outcome parameter. Data is presented as 
mean ± SD, median (interquartile range, IQR) or proportions 
(categorical variables), unless indicated otherwise. Number of 
available observations is stated for each variable. To identify patient-, 
stroke- and treatment characteristics associated with delirium, group 
comparison on univariate level was performed by Mann–Whitney-U 
test, chi-square test or Fishers exact test as appropriate. To investigate 
independent predictors of delirium and a potential predictive capacity 
of imaging parameters of neurodegeneration, a multiple logistic 
regression analysis was conducted. Variables were entered blockwise 
with demographic patient characteristics (age, sex) and variables 
significantly differing on univariate level in the first block, followed by 
a second block with stepwise variable selection by backward 
elimination containing scores on atrophy (GCA, Koedam, MTA), 
WML (Fazekas) and premorbid clinical diagnosis of dementia, to 
investigate a potential additional predictive power of these variables. 
Analysis of the area under the receiver operating characteristic (ROC) 
curve (AUC) was performed to assess predictive power of the 
regression model.

To assess predictive capacity of an existing screening instrument 
developed by Oldenbeuving et  al. (2014) to identify acute stroke 
patients with high risk of delirium, we accordingly calculated their 
risk score ‘Model 2’ (containing age, National Institute of Health 
Stroke Scale [NIHSS] on admission, stroke subtype and presence of 
infection) and ‘Model 3’ (containing only age and NIHSS on 
admission) for patients in our cohort and conducted an AUC 
comparison between our multiple regression model and the proposed 
scoring system.

To assess an independent association of delirium with functional/
cognitive outcome, multiple logistic regression analysis (functional 
outcome) and multiple linear regression analysis (cognitive outcome) 
was performed. The models adjust for the following confounders, 
selected by significant differences on univariate level and literature-
based predictors of outcome following MT: age, sex, premorbid 
disability (mRS > 2), NIHSS on admission, intravenous thrombolysis, 
general anesthesia during MT, successful recanalization (thrombolysis 
in cerebral infarction scale score [TICI] 2b-3), time from admission 
to flow restoration, stroke etiology and pneumonia. Linearity was 
assessed using the Box-Tidwell procedure. All continuous variables 
were found to follow a linear relationship. For multicollinearity 
diagnostics, we  calculated variance inflation factors, assuming no 
relevant multicollinearity for values <10. Predictive capacity of the 
multiple logistic regression models was assessed by Nagelkerke’s R2. 
Goodness of fit was assessed using the Hosmer-Lemeshow-Test, 
indicating a good model fit for p > 0.05. Multiple regression modelling 

was performed on the basis of complete datasets on the analyzed 
outcome and predictor variables. A significant difference was 
considered for p < 0.05  in all analyses. Statistical analyses were 
performed using SPSS (version 29, IBM, Armonk, NY, United States) 
and MedCalc Statistical Software (version 19.6, MedCalc Software 
Ltd., Ostend, Belgium).

Results

Univariate predictors of delirium following 
mechanical thrombectomy and associated 
outcome parameters

Baseline-, stroke- and treatment characteristics
Our analysis included 747 patients (median age 77.0 years, 53.4% 

female, Table 1). Of these, 8.2% (n = 61) were diagnosed with delirium 
during their hospital stay following MT of LVO. In univariate group 
comparison, patients with delirium were more often male (60.7% 
versus 45.3%, p = 0.022) and had more often relevant premorbid 
disability, measured by pre-stroke mRS > 2 (20.0% [12/60] versus 
10.9% [71/673]; p = 0.035, Figure  1A). There was no significant 
difference in cardiovascular risk factor burden, nor did we note a 
significant difference in premorbid clinical diagnosis of dementia in 
patients with or without delirium (6.6% versus 4.1%, p = 0.360). 
Stroke severity, measured by NIHSS on admission (see also Figure 1B), 
and vessel territory of LVO were also similar. With regard to stroke 
etiology, we  report more strokes classified as “other determined” 
etiology in patients with delirium (20.0% [12/60] versus 9.0% 
[59/656], p = 0.006). Treatment characteristics were similar between 
groups with regard to application of bridging intravenous 
thrombolysis, rates of referral for MT from another hospital, treatment 
times and rates of successful reperfusion, defined by TICI 2b-3. Rates 
of general anesthesia use during MT were much higher in patients 
developing delirium (50.9% [29/57] versus 30.8% [200/649], 
p = 0.002). Patients diagnosed with delirium more often had acute 
infectious complications (62.3% versus 42.7%, p = 0.003), 
encompassing pneumonia, urinary tract infection and/or sepsis. 
Especially pneumonia was more common in patients with delirium 
(50.8% versus 34.0%, p = 0.008).

Atrophy patterns and white matter lesions on 
native CT

The distribution of all three scoring systems on cerebral atrophy 
(GCA, Koedam, MTA) significantly differed between study groups 
(Figure 1C; Table 2). The proportion of patients exceeding age-specific 
cut-off values for cerebral atrophy was significantly higher in patients 
with delirium (GCA: 54.1% versus 38.5%. p = 0.015; Koedam: 31.1% 
versus 16.4%, p = 0.004; MTA: 24.6% versus 11.7%, p = 0.004). WML 
burden was similar with regard to distribution between groups as well 
as proportion of patients exceeding age-specific cut-offs.

Functional and cognitive outcome parameters
Patients with delirium had a longer duration of hospital stay and 

worse functional outcome at 90-day follow-up (Table  3). Good 
functional outcome was less frequent in patients with delirium (19.3% 
[11/57] versus 37.1% [226/609], p = 0.007, Figure 1D) as was excellent 
outcome. Mortality until 90-day follow-up was similar in both groups 
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TABLE 1 Patient-, stroke- and treatment characteristics in patients with and without developing delirium following mechanical thrombectomy of large 
vessel occlusion ischemic stroke.

Variable No delirium (n = 686) Delirium (n = 61) p value

Patient characteristics

Age (years) 77 (65–83) (n = 686) 79 (69.5–84.5) (n = 61) 0.176

Male Sex 45.3% (311/686) 60.7% (37/61) 0.022

Premorbid disability (mRS 3–5) 10.9% (71/652) 20.0% (12/60) 0.035

History of dementia 4.1% (28/686) 6.6% (4/61) 0.360

Cardiovascular risk factors

Arterial hypertension 78.3% (527/673) 80.0% (48/60) 0.760

Diabetes mellitus 27.5% (183/665) 32.2% (19/59) 0.442

Dyslipidemia 44.2% (293/663) 38.3% (23/60) 0.381

Atrial fibrillation 43.2% (288/667) 46.6% (27/58) 0.619

Smoker (current) 14.3% (80/559) 24.0% (12/50) 0.067

Stroke characteristics

NIHSS on admission 14 (9–17) (n = 637) 14 (9–18) (n = 57) 0.485

Presenting with aphasia 45.6% (313/686) 42.6% (26/61) 0.652

Location of occlusion

Carotid artery 21.2% (145/683) 21.3% (13/61) 0.988

Anterior cerebral artery 2.9% (20/683) 1.6% (1/61) 1.000

Middle cerebral artery M1 segment 52.6% (359/683) 44.3% (27/61) 0.214

Middle cerebral artery M2 segment 26.9% (184/683) 32.8% (20/61) 0.327

Posterior cerebral artery 3.1% (21/683) 3.3% (2/61) 0.712

Vertebrobasilar 11.4% (78/683) 14.8% (9/61) 0.438

Side of occlusion 0.681

Left 43.5% (297/682) 36.1% (22/61)

Right 46.2% (315/682) 52.5% (32/61)

Bilateral 0.3% (2/682) 0.0% (0/61)

Not applicable (e.g., BA) 10.0% (68/682) 11.5% (7/61)

Stroke etiology

Large artery atherosclerosis 16.0% (105/656) 8.3% (12/60) 0.115

Cardioembolism 50.5% (331/656) 51.7% (31/60) 0.858

Dissection 1.8% (12/656) 3.3% (2/60) 0.331

Other determined 9.0% (59/656) 20.0% (12/60) 0.006

Undetermined 22.7% (149/656) 16.7% (10/60) 0.281

Treatment characteristics

Intravenous thrombolysis 47.9% (325/679) 55.0% (33/60) 0.289

Primary admission at MT site 59.4% (401/675) 57.6% (34/59) 0.790

Symptom onset/Time of recognition-to-

admission (minutes)

108.5 (60–190) (n = 594) 90 (60–205) (n = 53) 0.960

Door-to-groin puncture (minutes) 60 (31–87) (n = 616) 57.5 (28–95.25) (n = 54) 0.992

General anesthesia used 30.8% (200/649) 50.9% (29/57) 0.002

Successful reperfusion (TICI 2b-3) 81.4% (540/663) 88.1% (52/59) 0.200

Infectious complications

Acute infection (total of below) 42.7% (293/686) 62.3% (38/61) 0.003

 - Pneumonia 34.0% (233/686) 50.8% (31/61) 0.008

(Continued)
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(31.6% [18/57] versus 34.5% [210/609], p = 0.659). With regard to 
cognitive outcome, measured by MoCA at 90-day follow-up, we report 
no significant difference between groups (median [IQR]: 16 [11–21] 
versus 19 [16–20], p = 0.212, Figure 1E).

Independent predictors of delirium 
following mechanical thrombectomy

Resulting from multiple logistic regression modelling, independent 
predictors of delirium were older age (aOR[95%CI] per year: 
1.034[1.005–1.065], p = 0.023), male sex (aOR[95%CI]: 2.173[1.182–
3.994], p = 0.012), general anesthesia during MT (aOR[95%CI]: 
2.455[1.385–4.352], p = 0.002), infectious complications (aOR[95%CI]: 
1.845[1.031–3.305], p = 0.039), and “other determined” etiology of 
stroke (aOR[95%CI]: 2.424[1.100–5.345], p = 0.028). Regarding 
atrophy scores (GCA, Koedam, MTA), Fazekas score and pre-existing 
clinical diagnosis of dementia, only MTA exceeding age-specific 
cut-offs emerged from the model as an independent predictor of 
delirium (aOR[95%CI]: 2.126[1.065–4.244], p = 0.033, see also 
Figure 1F). For detailed model characteristics, see also Table 4.

Predictive capacity of multiple regression 
model and comparison with published 
scoring system for delirium prediction in 
stroke patients

In ROC analysis, the multiple regression model yielded significant 
predictive capacity with an AUC [95%CI] of 0.725[0.690–0.759] 
(p < 0.001, Figure 1G). Applying the proposed scoring instrument of 
Oldenbeuving et al. (2014) to our dataset, we report an AUC [95%CI] 
of 0.611[0.573–0.648] for their ‘model2’ (containing age, NIHSS on 
admission, stroke subtype and presence of infection) in our cohort of 
patients with LVO treated by MT. Their simplified score ‘model3’ 
(containing only age and NIHSS on admission) resulted in an AUC 
[95%CI] of 0.588[0.549–0.625]. Thus, both models performed 
significantly worse than our multiple regression model in prediction 
of delirium following MT of LVO (p = 0.005 for ‘model2’, p = 0.006 for 
‘model 3’).

Independent association of delirium with 
worse functional outcome

Adjusting for differences between study groups and literature-
based predictors of outcome after MT of LVO, we  report an 
independent association of delirium with worse functional outcome. 
Patients with delirium were less likely to achieve good functional 
outcome (aOR[95%CI]: 2.902[1.005–8.383], p = 0.049) or excellent 

functional outcome (aOR[95%CI]: 3.440[1.045–11.327], p = 0.042). 
We  did not observe an independent association of delirium with 
mortality or cognitive outcome. For details, see Table 4.

Discussion

We here show that delirium is a complication associated with 
worse functional outcome in patients with LVO who were treated by 
MT and present data on conventional and novel predictive factors for 
development of delirium in these patients, which help to identify 
patients at risk and implement specific preventive measures to 
improve clinical outcome.

With regard to functional outcome, our results are in line with 
previous analyses of delirium in patients with acute stroke. These 
reported worse functional outcome in mixed stroke cohorts, mostly 
focusing on mortality and functional dependence at hospital dicharge 
(Shi et al., 2012; Rollo et al., 2022; Pasińska et al., 2019). Patients with 
LVO treated by MT were largely underrepresented in former studies 
of delirium in acute stroke and yet, depict a relevant share of the 
disease. We expand former findings by showing that also in stroke 
patients with LVO treated by MT delirium is associated with worse 
functional outcome at discharge. This finding persists three months 
after stroke and, notably, is independent of stroke severity. We consider 
this remarkable, especially since functional outcome in patients with 
major ischemic stroke due to LVO is mainly driven by severity of the 
disease. In contrast to former studies of delirium in stroke patients, 
we did not observe increased mortality in patients with LVO who 
developed delirium, which is likely due to high overall mortality rates 
attributable to other complications and severity of the disease. 
Increased hospital stay duration has been reported in patients with 
delirium in mixed stroke cohorts (Shi et al., 2012). This was also true 
for our patients treated by MT. This is notable, because in this cohort, 
hospital discharge is often determined by stroke-associated 
neurological deficits affecting independence in daily activities and 
self-care.

Our analyses identify patient-, stroke- and treatment 
characteristics that are associated with development of delirium in 
patients treated by MT. These have direct clinical implications by 
enabling identification of patients at risk for delirium to target 
preventive measures or contribute to early diagnosis. As expected, 
older age and infectious complications were independently associated 
with delirium following MT. These are known risk factors for delirium 
in hospitalized patients and, as shown previously, in patients with 
acute stroke (Oldenbeuving et al., 2011). We observed male sex to 
be independently associated with development of delirium following 
MT. This is especially interesting and merits further investigation, 
since prospective validated prediction models do not describe sex as 
a risk factor for delirium (Inouye et  al., 2014; Zaal et  al., 2015). 
Potentially, a difference in motor subtypes of delirium could contribute 

TABLE 1 (Continued)

Variable No delirium (n = 686) Delirium (n = 61) p value

 - Urinary tract infection 13.7% (94/686) 18.0% (11/61) 0.351

 - Sepsis 3.1% (21/686) 3.3% (2/61) 0.711

Data are presented as percentage (absolute number) except for age, NIHSS on admission, symptom onset/time of recognition-to-admission, door-to-groin puncture: median (IQR) (number of 
available observations). mRS: modified Rankin Scale; MT: mechanical thrombectomy; NIHSS: National Institutes of Health Stroke Scale; TICI: Thrombolysis in cerebral infarction scale.
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FIGURE 1

Outcomes and determinants of delirium in patients treated by mechanical thrombectomy. (A) Distribution of premorbid mRS in patients with and 
without delirium. Patients with delirium have significantly higher premorbid disability. (B) No significant differences in stroke severity measured by 
NIHSS on admission in patients with and without delirium. (C) White matter lesion burden (Fazekas) does not differ between patients with and without 
delirium. Distribution of all cerebral atrophy scores (GCA, Koedam, MTA) is significantly different in patients with versus without delirium. 
(D) Distribution of mRS at 90-day follow-up in patients with and without delirium. Patients with delirium have significantly worse functional outcome. 
(E) No significant differences in cognitive outcome (MoCA) at 90-day follow-up in patients with and without delirium. (F) Independent predictors of 
delirium following MT of LVO. Displayed are odds ratios with 95%CI resulting from multiple logistic regression analysis. (G) AUC analysis of multiple 

(Continued)
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to our observation. Supporting this, a recent meta-analysis reports 
that hypoactive cases of delirium were more likely to be  female 
(Ghezzi et  al., 2022). Consequently, this might lead to increased 

diagnosis of delirium in men in observational routine care data, 
especially since persisting neurological deficits further impede 
diagnosis of delirium following MT of LVO (Vater et al., 2024).

logistic regression model yields significant predictive capacity of delirium following MT of LVO. In AUC comparison, predictive capacity is significantly 
higher than with previously developed tools for risk stratification for delirium in stroke patients by Oldenbeuving et al. (2014). Asterisks: p-values 
indicating significant difference under a threshold of *: <0.05; ***: <0.001. AUC: Area under the receiver operating characteristic curve, GCA: global 
cortical atrophy score, Koedam: posterior atrophy score, LVO: large vessel occlusion, MoCA: Montreal Cognitive Assessment, MT: mechanical 
thrombectomy, MTA: medial temporal lobe atrophy score, NIHSS: National Institute of Health Stroke Scale, IVT: intravenous thrombolysis, mRS: 
modified Rankin Scale score.

FIGURE 1 (Continued)

TABLE 2 Atrophy patterns and white matter lesions in patients with and without delirium.

Variable No delirium (n = 686) Delirium (n = 61) p value

Global cortical atrophy score (GCA)

 - Absent 29.3% (200/683) 21.3% (13/61) 0.037

 - Grade 1 47.7% (326/683) 41.0% (25/61)

 - Grade 2 22.1% (151/683) 34.4% (21/61)

 - Grade 3 0.9% (6/683) 3.3% (2/61)

 - Exceeding age-specific cut-off 38.5% (263/683) 54.1% (33/61) 0.015

Posterior atrophy score (Koedam)

 - Absent 46.4% (317/683) 34.4% (21/338) 0.032

 - Grade 1 40.1% (274/683) 39.3% (24/61)

 - Grade 2 13.0% (89/683) 24.6% (15/61)

 - Grade 3 0.4% (3/683) 1.6% (1/61)

 - Exceeding age-specific cut-off 16.4% (112/683) 31.1% (19/61) 0.004

Medial temporal lobe atrophy score (MTA)

 - Absent 41.9% (286/683) 26.5% (16/61) <0.001

 - Grade 1 34.3% (234/683) 41.0% (25/61)

 - Grade 2 19.0% (130/683) 23.0% (14/61)

 - Grade 3 4.4% (30/683) 4.9% (3/61)

 - Grade 4 0.4% (3/683) 4.9% (3/61)

 - Exceeding age-specific cut-off 11.7% (80/683) 24.6% (15/61) 0.004

White matter lesions (Fazekas score)

 - Absent 42.6% (291/683) 36.1% (22/61) 0.600

 - Grade 1 22.8% (156/683) 21.3% (13/61)

 - Grade 2 16.1% (110/683) 18.0% (11/61)

 - Grade 3 18.4% (126/683) 24.6% (15/61)

 - Exceeding age-specific cut-off 23.9% (163/683) 27.9% (17/61) 0.484

Data are presented as percentage (absolute number).

TABLE 3 Outcome parameters in patients with and without developing delirium following mechanical thrombectomy of large vessel occlusion 
ischemic stroke.

Outcome parameter No delirium (n = 686) Delirium (n = 61) p value

Duration of hospital stay (days) 9 (5–13) (n = 679) 13 (7.25–17) (n = 60) <0.001

Excellent outcome at 90-day follow-up (mRS ≤1 or as pre-mRS) 29.4% (179/609) 14.0% (8/57) 0.014

Good outcome at 90-day follow-up (mRS ≤2 or as pre-mRS) 37.1% (226/609) 19.3% (11/57) 0.007

90-day mortality 34.5% (210/609) 31.6% (18/57) 0.659

MoCA at 90-day follow-up 19 (16–20) (n = 210) 16 (11–21) (n = 11) 0.212

Data are presented as percentage (absolute number) except for duration of hospital stay, MoCA: median (IQR) (number of available observations). mRS: modified Rankin Scale; MoCA: 
Montreal Cognitive Assessment.
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Premorbid cognitive decline and cerebral atrophy have been 
repeatedly reported to be associated with development of delirium 
in patients with acute stroke. Investigation of the predictive capacity 
of cerebral atrophy for delirium in these patients, independent of 
conventional risk factors, has yielded conflicting results 
(Oldenbeuving et al., 2011; Rhee et al., 2022; Czyzycki et al., 2021; 
Qu et al., 2018). We show that a pathologic MTA score may be an 
easily accessible biomarker in native CT imaging that is 
independently associated with a 2-fold increase of odds for 
development of delirium following MT. Pathological MTA scores 
are associated with cognitive decline and Alzheimer’s disease 
(Scheltens et  al., 1992). However and interestingly, premorbid 
clinical diagnosis of dementia was neither more frequent in patients 
with delirium nor adding predictive value to multiple regression 
modelling of delirium in our cohort. Increased awareness among 
stroke-unit personnel for the need of delirium prevention in 
patients with known dementia and consecutively better preventive 
measures may have potentially contributed to absence of increased 
delirium rates in these patients. However, it is more likely that this 
observation may be due to underdiagnosis of dementia or early 
phases of cognitive decline, not yet diagnosed as dementia, but 
apparent as brain atrophy. Similarly, underreporting of dementia 
diagnosis when obtaining medical history from a third party, as is 
often the case for patients with major ischemic stroke treated by 
MT, may contribute to our observation. Consequentially, 
pathological MTA scores, as an objective CT imaging biomarker 
associated with cognitive decline may provide additional predictive 
benefit instead.

With regard to treatment characteristics, the use of general 
anesthesia during MT was the only procedural feature independently 

associated with development of delirium. We  report an almost 
2.5-fold increase of odds to develop delirium following MT under 
general anesthesia. This finding is new in patients with LVO treated 
by MT and is clearly supported by systemic reviews reporting strong 
evidence for mechanical ventilation as a precipitating factor for 
delirium in the intensive care unit (Zaal et al., 2015). The role of 
anesthesia type during MT in functional outcome is controversially 
discussed (Sarraj et al., 2023; Chabanne et al., 2023; Campbell et al., 
2023). Although further investigation is warranted, our finding 
demonstrates that delirium is a potential complication associated 
with use of general anesthesia during MT and argues against its 
across-the-board use in the management of LVO MT. Future studies 
should examine, whether patients developing delirium after MT 
benefit less from general anesthesia during MT, and, whether risk 
stratification for benefit of general anesthesia during MT could 
be  improved by including independent risk factors for 
developing delirium.

Only few predictive tools exist to identify individuals with acute 
stroke at high risk of developing delirium (Drozdowska et al., 2021). 
Even though internal validation of these tools yielded comparatively 
high predictive capacity within the small mixed stroke cohorts they 
were derived from, it is questionable whether such tools are 
applicable to patients with LVO treated by MT. Such developed 
tools only provided limited predictive power in our cohort of 
MT-treated patients. We  suggest that this is partly due to high 
weights placed on stroke severity in published predictive tools. This 
appears to enable identification of individuals at risk in mixed 
stroke cohorts, yet might be of limited significance in cohorts of 
patients with major stroke due to LVO. In line with this, we observed 
no significant difference in NIHSS on admission in patients with 

TABLE 4 Independent predictors of delirium and independent association of delirium with functional and cognitive outcome at 90-day follow-up.

Independent predictors of delirium resulting from multiple logistic regression modelling
Model characteristics: Nagelkerkes R2 = 0.127, p < 0.001

Variable Adjusted odds ratio 95% CI p-value

Age 1.034 1.005–1.065 0.023

Male sex 2.173 1.182–3.994 0.013

Premorbid disability (mRS 3–5) 1.236 0.572–2.674 0.590

General anesthesia during MT 2.455 1.385–4.352 0.002

Infectious complication 1.845 1.031–3.305 0.039

Etiology: “other determined” 2.424 1.100–5.345 0.028

Exceeding age-specific MTA cut-off 2.126 1.065–4.244 0.033

Independent association of delirium with functional and cognitive outcome at 90-day follow-up

Variable Adjusted odds ratio/β-coefficient 95% CI p-value

Not achieving excellent outcome at 90-day follow-up (mRS ≤ 1 or as premorbid 

mRS)

3.440 1.045–11.327 0.042

Not achieving good outcome at 90-day follow-up (mRS ≤ 2 or as premorbid mRS) 2.902 1.005–8.383 0.049

90-day mortality 0.773 0.321–1.859 0.565

MoCA at 90-day follow-up −0.242 −2.557-2.074 0.837

Point estimates, 95% CI and corresponding p-values resulting from multiple logistic/linear regression modelling. The multiple regression models assessing independent association of delirium 
with functional/cognitive outcome adjust for the following confounders: age, sex, premorbid disability (mRS > 2), NIHSS on admission, intravenous thrombolysis, general anesthesia during 
MT, successful recanalization (thrombolysis in cerebral infarction scale score [TICI] 2b-3), time from admission to flow restoration, stroke etiology and pneumonia. mRS: modified Rankin 
Scale; MT: mechanical thrombectomy; MTA: Medial temporal lobe atrophy score; MoCA: Montreal Cognitive Assessment.
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and without delirium in our cohort. Additional factors associated 
with delirium in MT-treated patients may enhance risk stratification 
in this distinct subgroup of acute stroke patients and should 
be  considered in risk assessment for developing delirium in 
these patients.

Despite analyzing a broad dataset of patient-, stroke- and 
treatment characteristics, our study approach has several 
limitations. We  observed a comparatively low incidence of 
delirium (8.2%) in our study cohort. The literature is inconsistent 
with a broad range regarding delirium incidence following acute 
stroke, yet observational data from routine care, as is our dataset, 
might be  prone to underdiagnosis of delirium. Especially 
hypoactive phenotypes of the disease might be underdiagnosed. 
The implementation of screening for delirium on a regular basis, 
as has recently been added to national guidelines of acute stroke 
care (Ringleb et al., 2022), might help to overcome this potential 
source of bias in the future and allow for even more accurate 
analyses of delirium from observational data. Furthermore, 
reduced sensitivity for diagnosis of delirium has been shown for 
ICD-10 diagnoses, e.g., compared to discharge reports (Chuen 
et al., 2022; Thomas et al., 2012), which might further explain the 
comparatively low delirium incidence in our dataset. Due to the 
nature of our monocentric study cohort, our findings are also 
limited with regard to transferability and generalizability. Our 
analysis might also have limited generalizability to populations 
with an ethnical distribution differing from the western European 
one. Future studies should confirm and further examine 
our findings.

Our analysis is based on a well-characterized large cohort of 
patients with major stroke due to LVO treated by MT. Therefore, 
we were able to investigate a comprehensive set of stroke- and 
treatment characteristics, potentially associated with delirium. As 
delirium has previously only been analyzed in mixed stroke 
cohorts with few cases treated by MT, our findings are new and 
highly relevant for acute care of these patients. Furthermore, 
we identify risk factors and an imaging biomarker in native CT 
that are easy to obtain in clinical practice. This is an important 
advantage with regard to transferability into clinical practice for 
identification of individuals at high risk of developing delirium 
following MT.

Conclusion

We demonstrate that previously developed tools for identifying 
stroke patients at high risk for delirium have only limited predictive 
capacity in a cohort of patients treated by MT. Besides conventional 
risk factors such as age and infectious complications, additional risk 
factors for delirium exist that were not included in tools for risk 
stratification in mixed stroke cohorts until now. A pathologic MTA 
score, rated in native CT, may be an easy to use imaging biomarker 
identifying patients at increased risk for delirium following MT as is 
the use of general anesthesia during the MT procedure. Prevention of 
delirium is our best therapeutic strategy, as therapy options, once 
incident, are limited. Identification of individuals at high risk may help 
to intensify preventive measures and allow for a targeted resource 
allocation. The fact that delirium is associated with worse functional 

outcome, even in our cohort of severely diseased patients with LVO, 
justify and stress the importance of increased efforts to predict and 
prevent this complication.
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