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ABSTRACT
Background Missing outcome data (MOD) is a 
common problem in clinical trials and registries, and a 
potential bias when drawing conclusions from these 
data. Identifying factors associated with MOD may 
help to increase follow- up rates and assess the need 
for imputation strategies. We investigated MOD in a 
multicenter, prospective registry study of mechanical 
thrombectomy (MT) in large vessel occlusion ischemic 
stroke.
Methods 13 082 patients enrolled in the German 
Stroke Registry- Endovascular Treatment from May 
2015 to December 2021 were analyzed with regard to 
MOD (90 day modified Rankin Scale, mRS). Univariate 
logistic regression analyses identified factors unbalanced 
between patients with and without MOD. Subgroup 
analyses were performed to identify patients for whom 
increased efforts to perform clinical follow- up after 
hospital discharge are needed.
Results We identified 19.7% (2580/13 082) of 
patients with MOD at the 90 day follow- up. MOD was 
more common with higher pre- stroke disability (mRS 
3–5, 32.2% vs mRS 0–2, 13.7%; P<0.001), absence 
of bridging intravenous thrombolysis, longer time to 
treatment, and in patients with high post- stroke disability 
at discharge (mRS 3–5 vs 0–2: OR 1.234 (95% CI 1.107 
to 1.375); P<0.001). In contrast, MOD was less common 
with futile recanalization (thrombolysis in cerebral 
infarction (TICI) score of 0–2a, 12.4% vs TICI 2b–3, 
15.0%; P=0.001). In patients discharged alive with well 
documented baseline characteristics, shorter hospital 
stay (OR 0.992 (95% CI 0.985 to 0.998); P=0.010) and 
discharge to institutional care or hospital (OR 1.754 
(95% CI 1.558 to 1.976); P<0.001) were associated with 
MOD.
Conclusion MOD in routine care MT registry data was 
not random. Increased efforts to perform clinical follow- 
up are needed, especially in the case of higher pre- stroke 
and post- stroke disability and discharge to hospital or 
institutional care.
Trial registration NCT03356392.

INTRODUCTION
Mechanical thrombectomy (MT) is a highly effec-
tive treatment in large vessel occlusion (LVO) isch-
emic stroke, which has become the standard of care 
in acute stroke treatment. The efficacy of MT was 
initially proven in well defined patient cohorts who 
were most likely to benefit from MT, selected by 

clinical and imaging criteria.1 Therefore, certain 
patient populations were excluded from these trials. 
Among them were patients with large infarct volume 
at baseline, patients treated within the extended time 
window, elderly patients, and patients with relevant 
pre- stroke disability (modified Rankin Scale (mRS) 
score ≥2). MT has been studied under trial condi-
tions in some of these populations since then (eg, 
to conclude on the efficacy of MT beyond 6 hours 
after symptom onset).2 However, patients treated 
with MT under real world conditions substantially 
differ from those fulfilling trial inclusion criteria.3 
Multiple multicenter stroke registries have been 
established and observational data from clinical 
practice are increasingly used to address questions 
of MT efficacy and safety in distinct patient popu-
lations in order to individualize therapeutic recom-
mendations and maximize patient benefit.4

While real world data collected in stroke registries 
are especially valuable for evaluation of MT in large 
cohorts under real world conditions, at the same 
time they are especially vulnerable to incomplete 
data. Clinical follow- up is typically conducted after 
a commonly used 90 day interval after initial stroke 
treatment. However, multicenter stroke registries 
report substantial numbers of patients with missing 
outcome data (MOD) at the 3 month follow- up, 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Missing outcome data is a common problem 
in registry studies and may bias conclusions, 
especially in analyses based on complete cases.

WHAT THIS STUDY ADDS
 ⇒ We identified factors associated with missing 
90 day follow- up in a large, multicenter registry 
of mechanical thrombectomy in acute stroke 
care.

 ⇒ Factors included high pre- stroke and post- stroke 
disability, absence of bridging intravenous 
thrombolysis and longer time to treatment, as 
well as shorter hospital stay and discharge to 
hospital or institutional care.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE, OR POLICY

 ⇒ Increased follow- up rates may then also 
improve the validity and generalizability 
of findings from routine care mechanical 
thrombectomy datasets.
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ranging between 8% and >20% of all registered cases.5–9 Loss 
to follow- up has been discussed as a factor limiting the validity 
and generalizability of trial and registry data in different areas of 
stroke research. MOD may also contribute to conflicting obser-
vations that fail to be replicated in randomized controlled trials 
or overestimate treatment effects. MOD depicts a potential risk 
for distortion of data, and different imputation strategies may 
result in great variance of estimated effect sizes.10–13

It is important to understand the mechanisms behind MOD, 
especially because missing observations, which are dependent on 
other variables or the missing variable itself, cannot be as easily 
addressed by adjusting or imputing strategies as MOD that occurs 
completely at random.14 Systematic MOD has been described 
in stroke patients (eg, by analyses reporting that (absence of) 
consent to follow- up within clinical studies is associated with 
distinct patient and stroke characteristics within a large longi-
tudinal cohort of patients with carotid artery stenosis).15 We 
hypothesize that MOD in registry data of acute stroke care does 
not occur randomly, but needs to be acknowledged when inter-
preting routine- care MT data.

In this study, our aim was to investigate MOD in a nationwide, 
multicenter, prospective registry study of MT in clinical prac-
tice in Germany. We describe differences in baseline, stroke, and 
treatment characteristics between patients with a 90 day clinical 
follow- up available and those with MOD. Hence we aim to iden-
tify aspects in which registry data selected by complete case anal-
ysis may not fully depict real world care, which should be taken 
into account when drawing conclusions. We also provide factors 
associated with MOD in order to be acknowledged within the 
analysis plan of registry studies, to be accounted for by study 
design, or to consider appropriate methods of imputation.

To ensure conclusive and scientifically valid analyses of routine 
care MT data, MOD should be kept to a minimum. Therefore, 
our second aim was to identify factors associated with MOD at 
the 90 day follow- up in a subgroup of patients who were followed 
up until being discharged alive from the treating hospital. This 
could help to identify patient groups for whom increased effort 
to perform clinical follow- up is needed and so to facilitate higher 
follow- up rates, decreasing sources of bias.

METHODS
Study population
Study protocols and procedures were conducted in compliance 
with the Declaration of Helsinki. The German Stroke Registry- 
Endovascular Treatment (GSR- ET) is an ongoing academic, inde-
pendent, prospective, multicenter, observational registry study. 
Thirty certified German stroke centers consecutively enroll adult 
patients diagnosed with acute ischemic stroke due to LVO with 
the intention of being treated with MT. Baseline demographics, 
comorbidities, clinical and procedural information, as well as 
clinical follow- up after 90 days are recorded. Centers enrolling 
≥90% of their MT treated patients could access the data for 
analysis. Queries were sent to the centers to increase follow- up 
rates. More detailed information on the registry’s study protocol 
and variables has been published previously.16 We included 
all 13 082 patients enrolled in the GSR- ET from July 2015 to 
December 2021 in our primary analysis.

Comparison groups and outcome parameters
MOD was defined as the main clinical outcome parameter 
(mRS at the 90 day follow- up) not being available in the data-
base. Group comparison was performed for patients with MOD 
versus patients with mRS at the 90 day follow- up available (see 

also online supplemental figure 1). For the subgroup analysis, 
we excluded 2247 patients with documented inhouse mortality, 
545 patients with an unknown discharge mRS score who had 90 
day functional outcome available, and 874 patients with missing 
90 day clinical outcome who had incomplete baseline documen-
tation on basic patient, stroke, and treatment characteristics 
(age, sex, admission National Institutes of Health Stroke Scale 
(NIHSS) score, intravenous thrombolysis (IVT), and thrombol-
ysis in cerebral infarction (TICI) scale score following mechan-
ical thrombectomy) or were not followed up until discharge 
(mRS). These were compared with patients who had 90 day mRS 
available.

Statistical analysis
Data are presented as mean±SD, median (IQR), or propor-
tions (categorical variables), unless indicated otherwise. Group 
comparison on the univariate level was performed with the 
Mann–Whitney U test or χ2 test as appropriate. In the subgroup 
analysis, binary logistic regression analyses were conducted to 
evaluate associations with higher odds of MOD after discharge 
from the treating hospital despite well documented base-
line characteristics. A significant difference was considered as 
P<0.05. Statistical analyses were performed using SPSS (V.29, 
IBM, Armonk, New York, USA).

RESULTS
Univariate group comparison of patients with missing versus 
available 90 day clinical outcome data
Baseline and stroke characteristics
A total of 13 082 patients were included in our analysis (median 
age 76.0 years, 51.4% women). Of these, 19.7% (n=2580) 
had MOD. In the univariate group comparison, patients with 
MOD were slightly younger (median age 76 (IQR 63.25–82) 
vs 76 (65–83) years; P=0.001) and more often had relevant 
premorbid disability, measured by a pre- stroke mRS score of 
>2 (32.2% (629/1,955) vs 13.7% (1,393/10,195); P<0.001, 
figure 1A). Stroke severity, measured by the NIHSS on admis-
sion, was lower in patients with MOD (mean NIHSS 13.8±7.1 
vs 14.4±7.5; P=0.005). In patients with MOD, occlusion of the 
middle cerebral artery in the M1 segment was more frequent 
(55.8% (1366/2448) vs 51.1% (5242/10 252); P<0.001), 
whereas occlusion of the anterior cerebral artery was less 
frequent (1.8% (44/2448) vs 2.9% (294/10 252); P=0.003). All 
other vessel territories were equally common. Stroke etiology 
was unbalanced, with more strokes due to large artery athero-
sclerosis (33.9% (676/1997) vs 24.8% (2553/10 284)) and less 
cardioembolism (48.5% (968/1997) vs 50.6% (5204/10 284); 
P<0.001) in patients with MOD (table 1).

Treatment and outcome parameters
Treatment of LVO less often contained bridging IVT in patients 
with MOD (44.3% (1110/2507) vs 48.4% (5027/10 393); 
P<0.001). Onset- to- groin puncture time was longer in patients 
with MOD (median 275 (IQR 185–517) vs 245 (165–450) min; 
P<0.001). Futile recanalization (TICI 0–2a) was less common 
in patients with MOD (12.4% (298/2404) vs 15.0% (1522/10 
173); P=0.001, figure 1A). With regard to functional outcome, 
patients with 90 day clinical outcome data available had a 
lower odds of good outcome, as shown by an mRS score of 0–2 
compared with 3–6 at discharge from the treating hospital (OR 
0.847 (95% CI 0.761 to 0.943); P=0.002, figure 1A). At the 
same time, a discharge mRS score of 3–5 compared with 0–2 was 
significantly associated with MOD (OR 1.234 (95% CI 1.107 to 
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1.375); P<0.001). In patients with MOD, discharge from the 
treating hospital to home or to neurorehabilitation (compared 
with discharge to hospital or institutional care) was more 
frequent than in patients with 90 day mRS available (70.1% 
(1399/1997) vs 64.0% (6629/10 363); P<0.001).

Subgroup analysis: factors associated with missing 90 day 
clinical outcome data after discharge
Baseline and stroke characteristics
We analyzed 9416 patients in a subgroup analysis of factors 
associated with MOD after hospital discharge despite complete 
inhouse documentation. We found significantly higher odds for 
MOD in patients with higher pre- stroke disability (mRS 3–5: 
OR 3.865 (95% CI 3.408 to 4.383); P<0.001). Also, higher 

stroke severity, displayed by admission NIHSS, was associated 
with an increased risk of MOD (OR 1.012 (95% CI 1.004 to 
1.019); P=0.002). Of all of the vessel territories, only occlu-
sion of the middle cerebral artery in the M1 segment was 
significantly associated with MOD (OR 1.120 (95% CI 1.007 to 
1.246); P=0.036), while we found a tendency for carotid artery 
occlusions towards MOD and a tendency for vertebrobasilar 
occlusions towards available 90 day outcome data. Large artery 
atherosclerosis etiology of LVO increased the odds of MOD by 
52% (OR 1.521 (95% CI 1.359 to 1.702); P<0.001).

Treatment and outcome parameters
Patients treated with bridging IVT had lower rates of MOD (OR 
0.786 (95% CI 0.707 to 0.873); P<0.001), while recanalization 

Figure 1 Distribution of premorbid disability, recanalization status, and clinical outcome at discharge in cohorts of patients with 90 day missing 
clinical outcome data (MOD) versus those with data available. (A) Total German Stroke Registry- Endovascular Treatment (GSR- ET) cohort: MOD 
was associated with higher premorbid disability. Premorbid modified Rankin Scale (mRS) score was available in 10 195/10 502 (97.1%) patients 
with 90 day outcome available and in 1995/2580 (77.3%) patients with MOD. MOD was associated with successful recanalization (thrombolysis in 
cerebral infarction (TICI) scale score 2b–3); TICI was available in 10 173/10 502 (96.9%) patients with 90 day outcome available and in 2404/2580 
(93.2%) patients with MOD. MOD was inversely associated with higher disability at discharge from the treating hospital as of mRS 3–6 versus 
0–2; mRS at discharge was available in 9957/10 502 (94.8%) patients with 90 day outcome available and in 1858/2580 (72.0%) patients with 
MOD. (B) Subgroup analysis of patients discharged from hospital alive: comparison of patients with clinical outcome at 90 day follow- up available 
(n=7710) versus patients with MOD despite complete baseline documentation (age, sex, admission National Institutes of Health Stroke Scale score, 
intravenous thrombolysis, TICI, and mRS at discharge) (n=1706). MOD was associated with higher premorbid disability; premorbid mRS was available 
in 7606/7710 (98.7%) patients discharged from hospital alive with 90 day outcome available and in 1665/1706 (97.6%) patients with MOD despite 
complete baseline documentation. MOD was not significantly associated with successful recanalization (TICI 2b–3); TICI was available in 7537/7710 
(97.8%) patients discharged from hospital alive with 90 day outcome available and in 1706/1706 (100.0%) patients with MOD despite complete 
baseline documentation. MOD was associated with higher disability at discharge from the treating hospital as of mRS 3–5 versus 0–2.
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status did not significantly predict availability of 90 day clin-
ical outcome. We observed increased odds for MOD with longer 
onset- to- groin time (OR per 10 min 1.001 (95% CI 1.000 to 
1.003); P=0.038) as well as with unfavorable functional outcome 
at discharge from the treating hospital, for both discharge 
mRS 3–5 (OR 1.218 (95% CI 1.089 to 1.362); P<0.001) and 
discharge to institutional care or hospital (OR 1.754 (95% CI 
1.558 to 1.976); P<0.001). Patients with a longer duration of 
hospital stay had lower odds of MOD (OR 0.992 (95% CI 0.985 
to 0.998); P=0.010) (table 2 and figure 1B). A comparative illus-
tration of associations with MOD in the whole GSR- ET cohort 
and the subgroup of patients discharged from hospital alive with 
MOD at the 90 day follow- up despite well documented baseline 
characteristics is depicted in figure 2.

DISCUSSION
Registry data from routine care MT is increasingly used to 
investigate MT under real world conditions and to assess effi-
cacy and safety in distinct patient populations. Missing data is 
a common problem, not only in stroke registries, but among 
registry data from various disciplines.17–19 Analyses of registry 
data often apply complete case analysis as a strategy to handle 
missing data.20 Therefore, acknowledgment of systematic MOD 
is necessary when drawing conclusions from these data.

In this study, we found aspects for which analyses of registry 
MT data may not fully depict real world MT care when based on 
the availability of functional outcome at the 90 day follow- up. 
We found significant differences in basic patient, stroke, and 
treatment characteristics, especially with regard to pre- stroke 
disability, stroke severity, treatment characteristics, and post- 
stroke dependence on care that were disproportionately repre-
sented in patients with MOD versus those with 90 day clinical 
outcome data available. In a subgroup analysis of patients who 
were discharged from the treating hospital alive with complete 
follow- up until discharge, we identified patient and stroke char-
acteristics that were significantly associated with MOD in order 
to prevent MOD by adjusting follow- up strategies. Among these 
characteristics were higher pre- stroke and post- stroke disability, 
shorter hospital stay, and discharge to hospital or institutional 
care. Increased efforts to perform clinical follow- up are needed 
in these patients and may help to increase follow- up rates and 
the representativeness of routine care MT datasets, which will 

Table 1 Patient, stroke, and treatment characteristics of patients 
with missing clinical outcome data and patients with clinical outcome 
data available

Variable

mRS at 90 day 
follow- up available
(n=10 502)

mRS at 90 day 
follow- up missing 
(MOD)
(n=2580) P value

Age (years) 73.5±13.1
76 (65–83)

72.4±13.7
76 (63.25–82)

0.001

Women 51.4 (5389/10 494) 51.6 (1329/2574) 0.800

Premorbid disability (mRS 
3–5)

13.7 (1393/10 195) 32.2 (629/1955) <0.001

Cardiovascular risk factors       

  Arterial hypertension 77.1 (7976/10 344) 77.5 (1524/1966) 0.691

  Diabetes mellitus 22.7 (2339/10 311) 21.7 (408/1876) 0.372

  Dyslipidemia 41.9 (4309/10 289) 36.0 (660/1834) <0.001

  Atrial fibrillation 41.5 (4274/10 292) 42.1 (784/1862) 0.642

  Smoker (current) 16.2 (1561/9654) 18.9 (310/1636) 0.005

Baseline medication       

  Anticoagulation 24.4 (2487/10 186) 26.0 (458/1760) 0.149

  Platelet inhibition 30.5 (3111/10 186) 31.0 (545/1760) 0.722

Stroke characteristics       

  NIHSS on admission 14.4±7.5
14 (9–19)

13.8±7.1
14 (9–18)

0.005

Location of occlusion       

  Carotid artery 25.7 (2635/10 252) 25.5 (625/2448) 0.862

  ACA 2.9 (294/10 252) 1.8 (44/2448) 0.003

  MCA M1 51.1 (5242/10 252) 55.8 (1366/2448) <0.001

  MCA M2 22.3 (2288/10 252) 21.6 (528/2448) 0.423

  PCA 3.1 (315/10 252) 2.5 (62/2448) 0.157

  VB 10.3 (1056/10 252) 9.4 (231/2448) 0.203

Stroke etiology     <0.001

  Large artery 
atherosclerosis

24.8 (2553/10 284) 33.9 (676/1997)   

  Cardioembolism 50.6 (5204/10 284) 48.5 (968/1997)   

  Dissection 1.8 (181/10 284) 1.3 (25/1997)   

  Other 4.8 (490/10 284) 4.5 (89/1997)   

  Undetermined 18.0 (1856/10 284) 12.0 (239/1997)   

Treatment characteristics       

  Intravenous thrombolysis 48.4 (5027/10 393) 44.3 (1110/2507) <0.001

  Primary admission at 
MT site

60.0 (6013/10 015) 61.8 (1481/2397) 0.117

  Symptom onset/time 
to recognition- to- groin 
puncture (min)

391.3±405.8
245 (165–450)

421.2±651.4
275 (185–517)

<0.001

  Door- to- groin puncture 
(min)

100.8±158.6
70 (46–100)

102.80±151.2
74 (48–105)

0.009

Outcome parameters       

  Successful reperfusion 
(TICI 2b–3)

85.0 (8651/10 173) 87.6 (2106/2404) 0.001

  Good outcome at 
discharge (mRS 0–2)

28.0 (2790/9957) 31.5 (585/1858) 0.002

  Disabled at discharge 
(mRS 3–5)

49.4 (4920/9957) 68.5 (1273/1858) <0.001

Continued

Variable

mRS at 90 day 
follow- up available
(n=10 502)

mRS at 90 day 
follow- up missing 
(MOD)
(n=2580) P value

  Inhouse mortality (mRS 6) 
at discharge

22.6 (2247/9957) N/A   

  Duration of hospital stay 
(days)

8 (5–13) 8 (5–14) 0.287

  Discharge to home or 
neurorehabilitation vs 
hospital or institutional 
care

64.0 (6629/10 363) 70.1 (1399/1997) <0.001

Data are percentage (number/absolute number) except for age, NIHSS on 
admission, and door- to- groin puncture (mean±SD, median (IQR)), and duration of 
hospital stay (median (IQR)).
ACA, anterior cerebral artery; MCA, middle cerebral artery; MOD, missing outcome 
data; mRS, modified Rankin Scale; MT, mechanical thrombectomy; N/A, not 
applicable; NIHSS, National Institutes of Health Stroke Scale; PCA, posterior cerebral 
artery; TICI, thrombolysis in cerebral infarction; VB, vertebrobasilar artery.

Table 1 Continued

C
onsortia. P

rotected by copyright.
 on A

pril 25, 2024 at Johannes G
utenberg U

ni N
iedersachsen

http://jnis.bm
j.com

/
J N

euroIntervent S
urg: first published as 10.1136/jnis-2023-020435 on 17 July 2023. D

ow
nloaded from

 

http://jnis.bmj.com/


5 of 8Hahn M, et al. J NeuroIntervent Surg 2024;16:471–477. doi:10.1136/jnis-2023-020435

Ischemic stroke

benefit the validity and generalizability of conclusions drawn 
from these data.

Complete case analysis is a strategy to handle missing data by 
deriving a study cohort for further analysis by excluding cases 
with missing variables of interest. This approach is both widely 

used and controversial.20 21 Especially in cases of missing data 
that do not occur completely at random but are associated with 
subject specific characteristics or certain degrees of the missing 
variable itself, complete case analysis may depict a distorted 
dataset compared with the actual population it was derived 
from. Consequently, estimated effects derived from subsequent 
analyses may be biased. Proper accounting for observed factors 
that are associated with MOD may reduce the bias of complete 
case analyses. However, if MOD is systematically related to the 
missing outcome itself, it cannot be fully addressed by adjusting 
and has to be acknowledged as a study limitation.14

In this study, we identified patient, stroke, and treatment 
characteristics that were associated with MOD and therefore 
indicated that MOD that does not occur completely at random, 
potentially resulting in selection bias by complete case anal-
yses. Specifically, we observed that relevant pre- stroke disability 
(mRS>2) was strongly associated with MOD. This is especially 
important because most high level evidence studies for MT 
explicitly excluded patients with relevant pre- stroke disability. 
Therefore, evidence of MT efficacy in this subgroup of patients 
is generally limited.1 Data from observational studies suggest 
effective MT in patients with relevant pre- stroke disability by 
means of increasing odds of not accumulating more disability 
by MT.22 23 However, with complete case analysis strategies 
applied, it is likely that observational data may disproportion-
ately represent this subgroup of patients, compared with their 
actual share of MT treated patients. Moreover, patients with 
relevant pre- stroke disability may have MOD not occurring at 
random, resulting in potentially biased study estimates, which 
are even more difficult to address by adjusting or imputa-
tion. Also, in our subgroup analysis of MOD despite complete 
follow- up until discharged from hospital, relevant pre- stroke 
disability was strongly associated with 3.4- fold increased odds 
of MOD, stressing the importance to increase follow- up in this 
subgroup of patients.

Furthermore, we found a strong association of MOD with func-
tional stroke outcome following acute stroke treatment. Specifi-
cally, we suggest an inverted U shaped relationship between early 
functional stroke outcome and MOD at the 90 day follow- up. 
Based on our data, we suggest that there is less MOD in patients 
with fatal outcomes during hospital stay and in those with good 
functional outcomes (mRS ≤2) at discharge. In our data, this was 
depicted by an inverse association of discharge mRS score of 3–6 
with MOD by a factor of 0.85, lower mean admission NIHSS 
in patients with MOD and, at the same time, increased odds (by 
a factor of 1.23) for MOD for patients with a discharge mRS 
score of 3–5 versus 0–2. In line with this, successful recanaliza-
tion (TICI 2b–3) appeared to be associated with an increase in 
MOD by 24%, whereas futile recanalization was associated with 
available 90 day outcome data. This depicts thorough follow- up 
of inhouse patient outcome, which is not influenced by obstacles 
of follow- up after discharge, such as missing contact information 
or non- traceable relocation. Consequentially, fatal strokes with 
inhouse mortality may be overrepresented, compared with other 
categories of functional stroke outcome.

Consistent with this interpretation, in our subgroup anal-
ysis of MOD despite complete follow- up until discharged 
alive, futile recanalization was not significantly associated with 
MOD. But higher stroke severity (ie, higher NIHSS on admis-
sion) as well as higher resulting stroke disability at discharge 
(mRS 3–5 vs 0–2) were associated with MOD in this subgroup, 
calling for increased efforts to perform follow- up in this patient 
group. It is noteworthy that the described U shaped relation-
ship is contrary to observational registry data of other disciplines  

Table 2 Subgroup analysis: factors associated with missing 
clinical outcome data at 90 day follow- up despite complete baseline 
documentation in patients discharged from hospital alive.

Variable OR 95% CI P value

Older age 1.002 0.997 to 1.006 0.336

Female sex 1.069 0.962 to 1.187 0.215

Premorbid disability (mRS 3–5) 3.865 3.408 to 4.383 <0.001

Cardiovascular risk factors

  Arterial hypertension 1.125 0.990 to 1.279 0.071

  Diabetes mellitus 1.025 0.900 to 1.167 0.713

  Dyslipidemia 0.734 0.656 to 0.822 <0.001

  Atrial fibrillation 1.108 0.993 to 1.236 0.065

  Smoker (current) 1.087 0.936 to 1.263 0.274

Baseline medication

  Anticoagulation 1.160 1.021 to 1.319 0.023

  Platelet inhibition 1.047 0.927 to 1.183 0.459

Stroke characteristics

  Higher NIHSS on admission 1.012 1.004 to 1.019 0.002

Location of occlusion

  Carotid artery 1.129 1.000 to 1.275 0.050

  Anterior cerebral artery 0.838 0.582 to 1.206 0.341

  Middle cerebral artery M1 segment 1.120 1.007 to 1.246 0.036

  Middle cerebral artery M2 segment 1.005 0.888 to 1.138 0.933

  Posterior cerebral artery 0.984 0.723 to 1.338 0.918

  Vertebrobasilar 0.866 0.713 to 1.052 0.148

Stroke etiology

  Large artery atherosclerosis 1.521 1.359 to 1.702 <0.001

  Cardioembolism 0.961 0.865 to 1.067 0.454

  Dissection 0.655 0.417 to 1.028 0.006

  Other 0.804 0.615 to 1.051 0.110

  Undetermined 0.601 0.511 to 0.706 <0.001

Treatment characteristics

  Bridging intravenous thrombolysis 0.786 0.707 to 0.873 <0.001

  Primary admission at MT site 1.091 0.978 to 1.218 0.119

  Symptom onset/time to recognition- to- groin 
puncture (per 10 min)

1.001 1.000 to 1.003 0.038

  Door- to- groin puncture (per 10 min) 1.000 0.997 to 1.003 0.969

Outcome parameters

  Successful recanalization (TICI 2b- 3) 0.929 0.792 to 1.089 0.361

  Good outcome at discharge (mRS 0–2) 0.821 0.734 to 0.918 <0.001

  Disabled at discharge (mRS 3–5) 1.218 1.089 to 1.362 <0.001

  Longer hospital stay per day 0.992 0.985 to 0.998 0.010

  Discharge to home or neurorehabilitation vs 
hospital or institutional care

1.754 1.558 to 1.976 <0.001

ORs, 95% CI, and corresponding P values resulting from univariate logistic regression 
determining association with missing clinical outcome (mRS at 90 day follow- up) following 
discharge from the treating hospital alive despite complete baseline documentation (age, 
sex, NIHSS on admission, intravenous thrombolysis, post- mechanical thrombectomy TICI, and 
mRS at discharge from treating hospital).
mRS, modified Rankin Scale; MT, mechanical thrombectomy; NIHSS, National Institutes of 
Health Stroke Scale; TICI, thrombolysis in cerebral infarction.
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(eg, chronic diseases such as heart failure and cancer). These 
report missing data to be associated with worse outcome and 
increased mortality.19 24 25 This emphasizes a disease specific 
distribution of missing data in observational registries. Hence 
strategies aiming to increase completeness of data need to take 
into account disease and population specific factors associated 
with MOD.

We found a strong association of MOD after discharge from 
hospital alive in patients with shorter duration of hospital stay 
and in patients discharged to further hospital or institutional 
care. This might potentially reflect missing contact information. 
Therefore, focusing on obtaining valid contact information for 
patients or relatives in a timely manner after admission for MT 
might be a promising strategy to increase follow- up rates in these 
patients.

Combination of MT with bridging IVT as well as shorter 
onset- to- groin puncture time were significantly associated with 
available 90 day clinical outcome in our dataset. This may also 
reflect subsequent better functional outcome in this subgroup 
of patients which, as described previously, was associated with 
availability of 90 day outcome. However, bridging IVT and 
patients treated in the early time window may be overrepre-
sented in complete case analyses of registry data. In contrast, 
patients treated with MT within the extended time window may 
be disproportionately represented, which is noticeable, especially 
because evidence based decision making in acute stroke treat-
ment in this patient group is just evolving. Similar to our obser-
vation, different treatment patterns in patients with missing data 
have also been described for observational data of heart failure, 
where patients with missing ejection fraction data depicted a 
group less likely to receive evidence based treatment.25

Despite broadly analyzing MOD in a multicenter, prospec-
tive registry study of routine care MT, our study approach had 
several limitations. We investigated an extensive set of param-
eters potentially associated with MOD. However, we did not 
capture additional patient characteristics that have previ-
ously been reported to be associated with missing data (eg, 

sociodemographic characteristics such as immigrant status,26 
education, and language skills27). We cannot conclude on these 
aspects, although it is likely that MOD in acute stroke care regis-
tries also depends on sociodemographic factors. It might be of 
value to include these baseline variables in registry study datasets 
to conclude on such aspects in these patient groups, which may 
be even more relevant in geographic areas other than western 
Europe.

Furthermore, the generalizability and transferability of results 
to other stroke registries might be limited due to unique orga-
nizational structures, such as the strategies and technology used 
for data acquisition or follow- up and acquisition of contact 
information for patients or relatives. Although we believe that 
systematic MOD is likely to be driven by similar organizational 
obstacles, strategies to increase follow- up rates will have to be 
based on registry and site specific conditions. Our analysis was 
also limited with regard to analyzing the association between 
MOD and functional outcome. Because of the nature of our 
dataset, information on functional outcome at discharge from 
hospital of patients with MOD at the 90 day follow- up was not 
complete. Although information regarding discharge mRS was 
available in the majority (72%) of patients with MOD at the 
90 day follow- up, 28% were also lacking information about 
discharge mRS. We therefore cannot quantify the extent to 
which inhouse mortality was overrepresented by complete case 
analysis. However, inhouse mortality would only not truly be 
overrepresented in the cohort of patients with 90 day mRS 
available if as many as 80.1% (582/722) of patients with MOD 
and missing discharge mRS actually died inhouse. We do not 
consider this to be likely, especially because inhouse mortality is 
comparatively easy to investigate and report.

By analyzing an up- to- date large and complex nationwide 
cohort of >13 000 MT procedures, our study benefited from a 
strong data foundation. Past analyses of MOD in acute stroke 
studies have focused on the accuracy of imputation methods and 
their consequence for study estimates in acute stroke studies, 
some of them assuming that MOD occurred completely at 

Figure 2 Factors associated with missing 90 day clinical outcome in the total German Stroke Registry- Endovascular Treatment (GSR- ET) cohort and 
the subgroup of patients discharged from hospital alive with missing clinical outcome data (MOD) despite well documented baseline characteristics. 
ORs with 95% CI and P values of factors associated with MOD resulting from univariate logistic regression analyses. Circles=point estimates of 
factors associated with MOD in the total GSR- ET cohort; squares=subgroup analysis with point estimates of factors associated with MOD in the 
subgroup of patients who were discharged from hospital alive and had MOD despite well documented baseline characteristics (age, sex, admission 
National Institutes of Health Stroke Scale (NIHSS) score, intravenous thrombolysis (IVT), TICI, and mRS at discharge). P values indicating significance of 
predictors with a threshold of <0.05. MT, mechanical thrombectomy; mRS, modified Rankin scale score.
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random.12 28 However, imputation methods will not fully be able 
to adjust biases resulting from systematic MOD because there are 
substantial theoretical reasons to assume that missing outcome 
data are occurring not completely randomly but depending on 
observed and unobserved variables and the missing outcome 
itself. Imputation cannot fully compensate for missing data 
depending on the outcome itself or unobserved variables.14 
We therefore believe that our report of patient, treatment, and 
outcome characteristics associated with MOD in a large routine 
care MT registry is important in order to acknowledge aspects 
in which observational data may not fully represent routine MT 
care and may influence subsequent analyses.

Because 30 centers were involved in enrollment and data 
acquisition over more than 6 years, we were able to minimize 
the impact of site and time specific factors influencing MOD. 
Furthermore, the broad dataset of the GSR- ET, including func-
tional outcome at hospital discharge, allowed us to augment our 
study by conducting a subgroup analysis, excluding patients with 
inhouse mortality. We agree with Yeatts and Martin,29 suggesting 
that developing an approach for handling missing data produces 
the best results when proactively preventing or minimizing the 
occurrence of missing data. In this sense, our findings have direct 
implications for data acquisition in registry studies within the 
field of acute stroke care and will enable study groups to increase 
efforts or implement additional strategies to succeed with clin-
ical follow- up in patients that are at increased risk of MOD.

CONCLUSIONS
MOD in stroke registries is not a rare event and does not occur 
completely at random. While registries depicting MT in routine 
care are valuable tools to analyze patterns of care and func-
tional outcome after LVO in distinct populations, missing data 
may impact the accuracy and generalizability of these analyses. 
Bias may result from case selection on the basis of complete 
data and cannot be fully adjusted for by imputation of missing 
data, because MOD is significantly dependent on other observed 
(and unobserved) variables and the outcome itself. We have 
reported factors associated with missing data on 90 day func-
tional outcome in a large multicenter registry of MT in acute 
stroke care. These include patients with higher pre- stroke 
disability, patients treated later after symptom onset, patients not 
receiving bridging IVT, and patients with relevant disability at 
discharge from the treating hospital, which are at increased risk 
of MOD. These patient groups may therefore be underrepre-
sented in acute stroke care studies based on complete case anal-
ysis, compared with the actual cohort treated by MT. In contrast, 
patients with inhouse mortality after MT treatment are likely to 
have complete data on 90 day stroke outcome and might there-
fore be disproportionately present. In addition to patients with 
higher pre- stroke and post- stroke disability, increased efforts to 
perform 90 day follow- up should also be undertaken for patients 
with a shorter duration of hospital stay and those discharged to 
institutional care or hospital.

X Timo Uphaus @TimoUphaus
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