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ABSTRACT
Background  The relationship between the 
interventionist’s experience and outcomes of 
endovascular thrombectomy (EVT) for acute ischemic 
stroke of the anterior circulation, is unclear.
Objective  To assess the effect of the interventionist’s 
level of experience on clinical, imaging, and workflow 
outcomes. Secondly, to determine which of the three 
experience definitions is most strongly associated with 
these outcome measures.
Methods  We analysed data from 2700 patients, 
included in the MR CLEAN Registry. We defined 
interventionist’s experience as the number of 
procedures performed in the year preceding the 
intervention (EXPfreq), total number of procedures 
performed (EXPno), and years of experience (EXPyears). 
Our outcomes were the baseline-adjusted National 
Institutes of Health Stroke Scale (NIHSS) score at 
24–48 hours post-EVT, recanalization (extended 
Thrombolysis in Cerebral Infarction (eTICI) score ≥2B), 
and procedural duration. We used multilevel regression 
models with interventionists as random intercept. For 
EXPfreq and EXPno results were expressed per 10 
procedures.
Results  Increased EXPfreq was associated with 
lower 24–48 hour NIHSS scores (adjusted (a)β:−0.46, 
95% CI −0.70 to −0.21). EXPno and EXPyears were 
not associated with short-term neurological outcomes. 
Increased EXPfreq and EXPno were both associated 
with recanalization (aOR=1.20, 95% CI 1.11 to 1.31 
and aOR=1.08, 95% CI 1.04 to 1.12, respectively), 
and increased EXPfreq, EXPno, and EXPyears were all 
associated with shorter procedure times (aβ:−3.08, 
95% CI−4.32 to −1.84; aβ:−1.34, 95% CI−1.84 
to −0.85; and aβ:−0.79, 95% CI−1.45 to −0.13, 
respectively).
Conclusions  Higher levels of interventionist’s 
experience are associated with better outcomes after 
EVT, in particular when experience is defined as the 
number of patients treated in the preceding year. 
Every 20 procedures more per year is associated with 
approximately one NIHSS score point decrease, an 
increased probability for recanalization (aOR=1.44), and 
a 6-minute shorter procedure time.

INTRODUCTION
Increasing volumes of patients with acute ischemic 
stroke (AIS) treated with endovascular thrombec-
tomy (EVT) by an intervention center are associated 
with better outcomes and faster procedures.1 This 
effect on outcomes is attributed to experience and 
probably mediated by faster procedures, although 
some researchers speculate that this effect could 
also be due to a selective referral pattern. However, 
it is unclear whether this volume–outcome relation 
also applies when experience is measured on the 
level of the individual interventionist.

Previous studies on interventionist’s experience 
in EVT for AIS showed shorter procedure times,2–4 
higher first pass reperfusion rates,5 and a higher 
probability for recanalization in patients treated by 
more experienced interventionists.6 However, none 
or only small increases in the probability of good 
outcomes were found for patients treated by more 
experienced interventionists.3 6 7 This might, in 
part, be due to the use of long-term outcome vari-
ables, which are influenced by many other factors 
than just the quality of the procedure.

The relatively small effect sizes found in previous 
studies could also be partly explained by the chosen 
definition of experience. All but one of the above-
mentioned studies defined experience as the total 
number of previously performed procedures. 
However, there are other ways in which to define 
an interventionist’s experience—for example by 
the frequency of procedures performed in the 
preceding year, or by years of experience. Knowl-
edge about the association of these different defi-
nitions and patient outcomes is limited. Compared 
with the literature on EVT for AIS, the frequency 
of procedures performed has more frequently been 
used to define experience in percutaneous coronary 
intervention (PCI) studies.8–10 As volume (thresh-
olds) are used as quality indicators, it is relevant to 
know which definition of experience best reflects 
an interventionist’s experience.

The primary aim of this study is to assess the 
effect of the interventionist’s level of experience 
on clinical, imaging, and workflow outcomes. The 
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secondary aim is to determine which of the three experience defi-
nitions is most strongly associated with these outcome measures.

METHODS
Study design and participants
We used data from 2700 patients included in the MR CLEAN 
Registry: a national, multicenter, prospective, observational 
monitoring study. Between March 2014 and November 2017, all 
patients in the Netherlands with an AIS who received an arterial 
puncture to undergo EVT were enrolled in the study. Detailed 
study design and methods have been described previously.11

For the current study, we included patients aged ≥18 years; 
treated in a MR CLEAN trial center; with a symptom onset to 
arterial puncture time ≤6.5 hours; with an AIS due to a proximal 
intracranial vessel occlusion as confirmed by CT angiography, 
magnetic resonance angiography, or digital subtraction angi-
ography (DSA) of the anterior circulation (ie, internal carotid 
artery (ICA), internal carotid artery terminus (ICA-T), middle 
(M1/M2) cerebral artery, or anterior (A1/A2) cerebral artery). 
We excluded patients who underwent groin puncture but did not 
receive EVT. All patients were treated according to prevailing 
Dutch national guidelines.

All imaging was assessed by an independent imaging core 
laboratory, which was blinded to clinical findings, except the 
occlusion side.

Outcomes
The primary outcome was baseline-adjusted short-term neuro-
logical outcome scored by the treating physician using the 
National Institutes of Health Stroke Scale (NIHSS) score 
24–48 hours after EVT. We used this outcome because it has a 
more direct relation with the intervention and is probably a more 
sensitive indicator for treatment effect than the modified Rankin 
Scale (mRS) score after 90 days, which is influenced by many 
other variables. In addition, the NIHSS score at 24–48 hours is 
strongly associated with the mRS score at 90 days.12 For compar-
ison, we also calculated the effect estimate for the association 
between center volume and our primary outcome.

Secondary outcomes were mRS score and mortality at 90 days 
post-EVT13; degree of reperfusion post-EVT, as scored on the 
extended thrombolysis in cerebral infarction (eTICI) score14; 
successful recanalization (eTICI  ≥2B); number of attempts; 
duration of procedure (groin puncture until vessel closure, as 
reported by the interventionist); procedural complications 
scored on DSA (ie, evidence of intracranial hemorrhage (ICH), 
dissection, perforation, vasospasm, a distal thrombus, and an 
embolus in new vascular territory); any serious adverse effects 
(SAEs); progression of ischemic stroke (defined as a decrease of at 
least four NIHSS points); new ischemic stroke; and symptomatic 
ICH. A symptomatic ICH was defined as an ICH on follow-up 
imaging (classified according to the Heidelberg criteria) related 
to neurological decline of at least four NIHSS points or death.15

Definitions of experience
We defined the level of experience of individual intervention-
ists who performed the EVT in three different ways: the total 
number of previously performed EVTs (EXPno), the number of 
EVT procedures performed in the preceding year (EXPfreq), 
and years of experience since the first EVT (EXPyears). All these 
experience variables were calculated for each case at the moment 
of the current EVT. Center volume, defined as the number of 
patients treated with EVT in a center in the preceding year, was 
also calculated for each procedure.

To calculate the experience parameters for each interven-
tionist we used all EVTs they performed (as first, second, or 
third interventionist on a procedure) in the MR CLEAN Registry 
(2014–2017; including posterior strokes), MR CLEAN pretrial 
(2005–2010), and the MR CLEAN trial (2010–2014).16 17 Expe-
rience outside these studies (unregistered EVTs), as reported by 
interventionists in response to a survey, was rare, but also taken 
into account to assess experience more accurately. The date of an 
interventionist’s first intervention could in most cases be derived 
from the data. When this was not reliable due to unregistered 
EVTs, interventionists were asked to report this date.

When more than one interventionist was involved in the 
procedure, data from the highest-ranking interventionist (based 
on EXPno) were used to estimate the association between expe-
rience and outcomes. This was done because we assumed that 
the most experienced interventionist had the greatest influence 
on the procedure.

Missing data
Missing NIHSS scores were scored based on the reported neuro-
logical examination in medical records. When scores were 
missing because a patient died before assessment (24–48 hours 
post-EVT) we assigned the maximum NIHSS score of 42 points. 
Ultimately, for 189 patients (7.0%), no follow-up NIHSS score 
was available. In 100 of 2700 (3.7%) cases, the interventionist 
could not be identified, and thus the experience parameters were 
missing for these procedures. An EXPno of ‘1’ for an interven-
tionist performing an EVT without supervision was regarded 
as highly unlikely, and was probably due to failure to register 
the supervisor in these 11 cases. We, therefore, considered these 
values missing.

All missing values were imputed using multiple imputation 
chained equations, based on relevant covariates and outcomes.

Statistical analysis
We used crude data to report baseline and procedural character-
istics. For descriptive purposes, we categorized the level of expe-
rience based on the median EXPno (which was 45 procedures) 
as lower (<45 procedures) and higher (≥45 procedures) experi-
ence levels. To estimate the effect of the experience parameters 
on the predetermined outcome variables, we used multilevel (ie, 
generalized linear mixed effects) models with interventionists as 
a random intercept to adjust for data clustering. Because nearly 
all interventionists operated in just one center, additional adjust-
ments for center were regarded redundant. This assumption was 
supported by our sensitivity analysis. For the model of the effect 
of center volume on our primary outcome we used center as a 
random intercept to correctly adjust for clustering in the data.

We used the NIHSS score at 24–48 hours as a continuous 
variable. For all continuous outcome variables, we used linear 
models and presented beta coefficients (β) with 95% confidence 
intervals (95% CI). For binary and ordinal outcomes, we used 
respectively binary and ordinal logistic models. We presented 
odds ratios (ORs) with a 95% CI for the binary outcomes, and 
the common OR (cOR) with a 95% CI for the ordinal outcomes.

We adjusted all outcomes for age, sex, collaterals, NIHSS 
score at baseline, Alberta Stroke Program Early CT score at 
baseline, pre-stroke mRS score, pre-stroke eTICI score, occlu-
sion segment, onset-to-groin time, intravenous thrombolysis 
administration, transfer from a referral hospital, diastolic and 
systolic blood pressure. Additional adjustments depended on the 
outcome variable, and are (if applicable) specified per outcome 
variable in the tables. Confounders were chosen based on 
expected associations with the outcome variables, and we also 
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included variables that showed a significant difference at base-
line between experience groups (p value ≤0.05; table 1).

Effect estimates were expressed per 10 procedures for EXPno, 
EXPfreq, and center volume. For the variable EXPyears, the unit 
of measurement was 1 year. The mRS scores were reversed to 
get cORs above 1.0 for better outcomes in concordance with 
ORs for binary outcomes. All analyses were performed using R 
statistical software, version 4.0.2.

RESULTS
Participants
Between March 2014 and November 2017, a total of 3637 
patients were enrolled in the MR CLEAN Registry. For our anal-
ysis, we used the data from 2700 patients that met our criteria; 
the flow chart is presented in figure 1.

Baseline characteristics are shown in table 1. Patients treated by 
interventionists with higher experience levels were referred from 
a primary stroke center more often (61% vs 51%), were treated 
with intravenous thrombolysis less often (73% vs 77%), had an 
M1 occlusion less often (56% vs 62%), and had an M2 occlu-
sion more often (15% vs 11%) than patients treated by inter-
ventionists with lower experience levels. Online supplemental 
table I displays the procedural characteristics. Interventionists 
with higher experience levels used a balloon guide catheter more 
often (69% vs 60%), an aspiration device less often during their 
first attempt (25% vs 30%), and placed an ICA stent less often 
(5.3% vs 8.2%) than less experienced interventionists.

Interventionists
Experience of 110 interventionists was calculated. Procedures 
were performed by a single interventionist in 1602 (62%) of 
2600 cases. In 922 (36%) cases two interventionists participated 
in the procedure, and in 76 (3%) cases three interventionists 
were involved. In 85% of cases, the interventionist registered as 
first interventionist was also the interventionist with the highest 
EXPno. The median EXPno was 45 (range 2–179). The median 

Table 1  Baseline characteristics

Characteristics
EXPno <45
(n=1285)

EXPno ≥45
(n=1304) P value

Clinical characteristics

 � Age (years), median (IQR) 71 (61–80), 
1285

72 (61–80), 
1304

0.453

 � Male sex, n (%) 649/1285 (51) 702/1304 (54) 0.090

 � NIHSS score, median (IQR) 16 (12–20), 
1262

16 (11–19), 
1286

0.015

 � SBP (mm Hg), mean (SD) 148 (25), 
1247

151 (25), 1275 .002

 � DBP (mm Hg), mean (SD) 81 (16), 1243 84 (16), 1272 <0.001

 � Medical history, n (%)

  �  Diabetes mellitus 207/1273 (16) 197/1299 (15) 0.445

  �  Hypertension 663/1263 (52) 669/1286 (52) 0.811

  �  Hypercholesterolemia 396/1239 (32) 377/1269 (30) 0.222

  �  Atrial fibrillation 290/1263 (23) 325/1296 (25) 0.210

  �  Myocardial infarction 190/1259 (15) 175/1288 (14) 0.279

  �  Peripheral arterial disease 106/1244 
(8.5)

127/1293 (9.8) 0.257

  �  Previous ICH 21/1086 (1.9) 28/1263 (2.2) 0.632

  �  Previous ischemic stroke 202/1270 (16) 241/1298 (19) 0.074

  �  Pre-stroke mRS score >2 137/1250 (11) 146/1279 (11) 0.717

 � Medication and intoxications, n (%)

  �  Antiplatelet 404/1264 (32) 402/1291 (31) 0.654

  �  DOAC 45/1263 (3.6) 45/1296 (3.5) 0.901

  �  Heparin 42/1264 (3.3) 43/1290 (3.3) 0.988

  �  Coumarin 161/1272 (13) 171/1298 (13) 0.696

  �  Smoking 278/933 (30) 285/1027 (28) 0.318

Imaging characteristics

  �  Level of occlusion, n (%) 0.001

 �     ICA 52/1232 (4.2) 72/1264 (5.7)

 �     ICA-T 278/1232 (23) 273/1264 (22)

 �     M1 762/1232 (62) 714/1264 (56)

 �     M2 136/1232 (11) 194/1264 (15)

 �     Other* 4.0/1232 (0.3) 11/1264 (0.9)

 � ASPECTS, median (IQR) 10 (8.0–11), 
1244

10 (9.0–11), 
1272

0.002

 � Collaterals grade 2–3, n (%) 679/1213 (56) 707/1232 (57) 0.482

 � Intracranial atherosclerosis, n (%) 728/1227 (59) 763/1259 (61) 0.518

 � Symptomatic ICA dissection, n (%) 39/1137 (3.4) 49/1180 (4.2) 0.363

 � Symptomatic ICA stenosis, n (%) 114/1137 (10) 98/1180 (8.3) 0.151

 � Symptomatic ICA occlusion, n (%) 110/1137 
(9.7)

140/1180 (12) 0.089

Workflow characteristics

 � Onset-to-groin puncture(min), mean (SD) 203 (73), 
1283

204 (72), 1296 0.737

 � Transfer from primary stroke center, n (%) 661/1285 (51) 799/1304 (61) <0.001

 � Off-hours, n (%) 801/1285 (62) 828/1304 (63) 0.540

 � Treatment with IV alteplase, n (%) 989/1279 (77) 956/1303 (73) 0.020

*M3/A1/A2 occlusion.
A1/A2, anterior cerebral artery; ASPECTS, Alberta Stroke Program Early CT score; DBP, 
diastolic blood pressure; DOAC, direct oral anticoagulant; EXPno, experience number ; ICA, 
internal carotid artery; ICA-T, ICA terminus; ICH, intracranial hemorrhage; M1/M2/M3, middle 
cerebral artery; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke 
Scale; SBP, Systolic blood pressure.

Figure 1  Flow chart of included patients.
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EXPyears was 4.75 (range 0–23). The median EXPfreq was 19 
(range 1–70).

Effect of experience on clinical outcomes
We observed a significant association between EXPno and 
NIHSS scores in univariable analysis (β −0.14, 95% CI 
−0.25 to −0.03). This association was no longer signifi-
cant after adjustments (aβ −0.09, 95% CI −0.20 to 0.01)
(table 2). A higher EXPfreq was significantly associated with 
lower NIHSS scores 24–48 hour post-EVT in both univari-
able and multivariable analyses (adjusted β (aβ) −0.46, 
95% CI −0.70 to −0.21) (table  3). In other words, with 
every 20 procedures more per year, NIHSS scores decreased 
by approximately one point.

A higher center volume was also significantly associated with 
lower NIHSS scores 24–28 hour post-EVT (aβ −0.18, 95% CI 
−0.28 to −0.08).

Higher EXPyears were associated with higher NIHSS 
scores in univariable analysis (β 0.15, 95% CI 0.03 to 0.26), 
but this relationship was no longer significant after adjust-
ments (aβ 0.10, 95% CI −0.01 to 0.22; online supplemental 
table II).

After adjustments, none of the experience parameters were 
associated with mRS scores or mortality at 90 days (tables 2 
and 3, and online supplemental table II).

Effect of experience on clinical safety outcomes
Higher EXPfreq was associated with decreased probability 
for the occurrence of any SAEs (adjusted OR (aOR) 0.88, 
95% CI 0.82 to 0.95; table  3). Higher EXPfreq was also 
associated with decreased probability for stroke progression 
(aOR=0.88, 95% CI 0.80 to 0.98; table 3).

Effect of experience on imaging outcomes
We found an association between higher EXPno and EXPfreq 
and recanalization rate (aOR=1.08, 95% CI 1.04 to 1.12, 
and aOR=1.20, 95% CI 1.11 to 1.31, respectively; tables 2 
and 3). This means that an increase of 20 procedures per 
year increased the probability for recanalization with an OR 
of 1.44. There was no association between EXPyears and 
recanalization (online supplemental table II).

Both higher EXPno and EXPfreq were associated with 
better postinterventional eTICI scores (acOR=1.05, 
95% CI 1.02 to 1.08 and acOR=1.15, 95% CI 1.07 to 1.23, 

Table 2  Effect estimates for the association between interventionist’s experience number (EXPno) per 10 procedures and clinical, radiological, and 
workflow outcomes

EXPno <45
(n=1285)

EXPno ≥45
(n=1304) EE

Unadjusted
(95% CI)

Adjusted
(95% CI)

Clinical outcomes  �

 � NIHSS score at 24–48 hours, median (IQR) 11 (4.0–18), 1187 10 (4.0–17), 1221 β −0.14 (−0.25 to −0.03) −0.09 (−0.20 to 0.01)

 � mRS score at 90 days, median (IQR) 3 (2-6), 1200 3 (2-6), 1219 cOR 0.99 (0.97 to 1.01) 0.99 (0.97 to 1.02)

 � Mortality at 90 days, n (%) 332/1200 (28) 357/1219 (29) OR 1.00 (0.98 to 1.03) 1.00 (0.98 to 1.03)

Safety outcomes, n (%)  �

 � Occurrence any SAEs* 541/1285 (42) 496/1304 (38) OR 0.974 (0.953 to 0.996) 0.97 (0.95 to 1.00)

 � Stroke progression† 124/1285 (9.6) 122/1304 (9.4) OR 0.99 (0.95 to 1.02) 0.98 (0.94 to 1.02)

 � New ischemic stroke† 16/1285 (1.2) 25/1304 (1.9) OR 1.08 (1.00 to 1.17) 1.06 (0.98 to 1.15)

 � Symptomatic ICH* 80/1285 (6.2) 83/1304 (6.4) OR 0.98 (0.94 to 1.03) 0.97 (0.93 to 1.02)

Imaging outcomes  �

 � Postinterventional eTICI score, median (IQR)† 2B (2A–3), 1262 2C (2A–3), 1265 cOR 1.06 (1.04 to 1.08) 1.05 (1.02 to 1.08)

 � Recanalization, n (%)† 741/1262 (59) 900/1263 (71) OR 1.07 (1.05 to 1.10) 1.08 (1.04 to 1.12)

Safety outcomes scored on DSA, n (%)  �

 � Occurrence of procedural complications* 200/1285 (16) 202/1304 (16) OR 1.01 (0.98 to 1.04) 0.97 (0.94 to 1.01)

 � Dissection† 28/1248 (2.2) 22/1282 (1.7) OR 0.96 (0.89 to 1.05) 0.96 (0.88 to 1.05)

 � Perforation† 23/1248 (1.8) 25/1282 (2.0) OR 1.01 (0.93 to 1.09) 1.01 (0.93 to 1.10)

 � Embolus new territory† 69/1248 (5.5) 64/1272 (5.0) OR 0.99 (0.94 to 1.04) 0.99 (0.94 to 1.04)

 � Distal thrombus† 1931248 (16) 205/1274 (16) OR 1.02 (0.99 to 1.05) 1.04 (1.00 to 1.07)

 � Vasospasm† 81/1248 (6.5) 73/1282 (5.7) OR 0.98 (0.93 to 1.02) 0.98 (0.93 to 1.03)

Workflow outcomes  �

 � Number of attempts, median (IQR)† 2.0 (1.0–3.0), 1127 2.0 (1.0–3.0), 1146 β 0.017 (−0.002 to 0.036) 0.02 (−0.01 to 0.04)

 � Duration procedure,
 � (min), mean (SD)‡

72 (35), 1178 67 (34), 1228 β −0.84 (−1.22 to -0.46) −1.34 (−1.84 to -0.85)

*Additionally adjusted for: clot burden score; ICA stenosis/dissection/occlusion; antiplatelet/DOAC/coumarin/heparin use.
†Additionally adjusted for: clot burden score; ICA stenosis/dissection/occlusion.
‡Additionally adjusted for: clot burden score; ICA stenosis/dissection/occlusion; ICA stent placement; general anesthesia.
cOR, common odds ratio; DOAC, direct oral anticoagulant; DSA, digital subtraction angiography; EE, effect estimate; eTICI, extended Thrombolysis in Cerebral Infarction; EXPno, 
experience number; ICA, internal carotid artery; ICH, intracranial hemorrhage; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; SAE, serious adverse 
event.
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respectively; tables  2 and 3). There was no association 
between EXPyears and eTICI scores (online supplemental 
table II).

Effect of experience on safety outcomes scored on 
angiography
Higher EXPyears were associated with a lower probability of 
vasospasms (aOR=0.94, 95% CI 0.88 to 0.99; online supple-
mental table II). When adjusted for covariates a higher EXPfreq 
was associated with the occurrence of a distal thrombus 
(aOR=1.12, 95% CI 1.02 to 1.22; table 3). None of the expe-
rience parameters was associated with any of the other compli-
cations scored on DSA images (tables  2 and 3, and online 
supplemental table II).

Effect of experience on workflow outcomes
EXPfreq, EXPno, and EXPyears were all associated with shorter 
procedures (aβ −3.08, CI −4.32 to −1.84, aβ −1.34, 95% CI 
−1.84 to −0.85, and aβ −0.79, 95% CI −1.45 to −0.13, 
respectively; tables 2 and 3, and online supplemental file 1II). 
This means that an increase of 20 procedures per year led to an 

approximately 6-minute decrease in procedure time. However, 
no significant associations were found between any of the expe-
rience parameters and the number of attempts by the inter-
ventionists during the procedures (tables  2 and 3 and online 
supplemental table II).

Sensitivity analysis
We repeated analyses for the effect estimates of EXPno, EXPy-
ears, and EXPfreq on NIHSS scores using three-level models 
with both the interventionist and the center as random inter-
cepts. This did not change any of the conclusions, and effect 
sizes were similar.

When we used the experience parameters of the first inter-
ventionist instead of the most experienced interventionist and 
repeated the analysis of the effect of EXPno, EXPfreq, and 
EXPyears on NIHSS scores, adjusted results were similar. Only 
the association between more EXPyears and worse neurological 
outcomes became significant, and the effect size increased from 
(aβ 0.10, 95% CI −0.01 to 0.22) to (aβ 0.14, 95% CI 0.03 to 
0.25).

DISCUSSION
In our study, the number of procedures performed in the 
preceding year (EXPfreq) was associated with better (short-
term) clinical, imaging, and workflow outcomes. However, 
there was no significant association between the interventionist’s 
experience and NIHSS scores when we defined experience as 
the total number of procedures performed (EXPno) or years of 
experience (EXPyears). All experience definitions were related 
to shorter procedure times. EXPno was also related to a higher 
recanalization rate and to better eTICI scores after EVT, but to 
a lesser extent than EXPfreq. Center volume was also associ-
ated with lower NIHSS scores 24–48 hour post-EVT, but this 
effect estimate was considerably smaller than the effect estimate 
of EXPfreq.

Clinical outcomes
Previous studies found no or small effects of the interventionist’s 
experience on clinical outcomes and/or mortality after EVT for 
AIS, but also after PCI, and carotid artery stenting (CAS) proce-
dures.3 6 7 18 19 All but one of these studies defined experience 
as the total number of previously performed procedures, which 
could explain the effect sizes found. In studies where the annual 
experience was used to define experience, the effect sizes seem 
to be larger.7–10

Another reason for the relatively small effect sizes could be the 
use of long-term outcomes, such as mRS scores at 90 days. These 
long-term outcomes are subject to many influences besides the 
procedure itself. Therefore, short-term outcomes, such as the 
NIHSS scores at 24–48 hours, might be more representative of 
procedure quality. The MR CLEAN pretrial investigators did, 
however, also assess the effect of experience on the NIHSS 
score, but found no significant association.3 This could be partly 
due to the relatively small sample size and range of experience 
at that moment.

Safety outcomes
Previous studies found no significant associations between inter-
ventionist’s experience and the occurrence of SAEs and/or 30-day 
readmission in patients after EVT.3 6 7 However, for PCI the 
interventionist’s experience was associated with a reduced risk 
for (cardiac) death within 30 days,8 (in-hospital) mortality,9 10 
and failure of the procedure.20 In CAS procedures, experience 

Table 3  Effect estimates for the association between the 
interventionist’s experience in the preceding year (EXPfreq), per 10 
procedures, and clinical, radiological, and workflow outcomes

EE
Unadjusted
(95% CI)

Adjusted
(95% CI)

Clinical outcomes  �

 � NIHSS score at 24–48 hours β −0.57 (−0.82 to -0.31) −0.46 (−0.70 to −0.21)

 � mRS score at 90 days cOR 1.03 (0.98 to 1.07) 1.01 (0.95 to 1.07)

 � Mortality at 90 days OR 0.97 (0.91 to 1.03) 0.97 (0.90 to 1.04)

Safety outcomes  �

 � Occurrence any SAEs* OR 0.86 (0.82 to 0.91) 0.88 (0.82 to 0.95)

 � Stroke progression† OR 0.92 (0.84 to 1.01) 0.88 (0.80 to 0.98)

 � New ischemic stroke† OR 1.01 (0.83 to 1.24) 1.00 (0.80 to 1.27)

 � Symptomatic ICH* OR 1.00 (0.90 to 1.12) 0.98 (0.87 to 1.09)

Imaging outcomes  �

 � Postinterventional eTICI 
score†

cOR 1.17 (1.12 to 1.23) 1.15 (1.07 to 1.23)

 � Recanalization† OR 1.22 (1.15 to 1.29) 1.20 (1.11 to 1.31)

Safety outcomes scored on DSA  �

 � Occurrence of procedural 
complications*

OR 0.98 (0.92 to 1.06) 0.95 (0.86 to 1.05)

 � Dissection† OR 0.89 (0.73 to 1.09) 0.89 (0.71 to 1.11)

 � Perforation† OR 1.07 (0.89 to 1.29) 1.06 (0.87 to 1.30)

 � Embolus new territory† OR 0.95 (0.85 to 1.08) 0.96 (0.84 to 1.09)

 � Distal thrombus† OR 1.06 (0.99 to 1.14) 1.12 (1.02 to 1.22)

 � Vasospasm† OR 1.03 (0.93 to 1.15) 1.04 (0.92 to 1.18)

Workflow outcomes  �

 � Number of attempts† β 0.02 (−0.02 to 0.07) 0.02 (−0.04 to 0.08)

 � Duration procedure (min)‡ β −2.34 (−3.26 to -1.42) −3.08 (−4.32 to −1.84)

*Additionally adjusted for: clot burden score; ICA stenosis/dissection/occlusion; antiplatelet/
DOAC/coumarin/heparin use.
†Additionally adjusted for: clot burden score; ICA stenosis/dissection/occlusion.
‡Additionally adjusted for: clot burden score; ICA stenosis/dissection/occlusion; ICA stent 
placement; general anesthesia.
cOR, common odds ratio; DOAC, direct oral anticoagulant; DSA, digital subtraction 
angiography; EE, effect estimate; eTICI, extended Thrombolysis in Cerebral Infarction scale; 
ICA, internal carotid artery; ICH, intracranial hemorrhage; mRS, modified Rankin Scale; 
NIHSS, National Institutes of Health Stroke Scale; SAE, serious adverse event.

https://dx.doi.org/10.1136/neurintsurg-2021-018295
https://dx.doi.org/10.1136/neurintsurg-2021-018295
https://dx.doi.org/10.1136/neurintsurg-2021-018295
https://dx.doi.org/10.1136/neurintsurg-2021-018295
https://dx.doi.org/10.1136/neurintsurg-2021-018295
https://dx.doi.org/10.1136/neurintsurg-2021-018295
https://dx.doi.org/10.1136/neurintsurg-2021-018295
https://dx.doi.org/10.1136/neurintsurg-2021-018295
https://dx.doi.org/10.1136/neurintsurg-2021-018295


118 Olthuis SGH, et al. J NeuroIntervent Surg 2023;15:113–119. doi:10.1136/neurintsurg-2021-018295

Ischemic stroke

was also related to a risk reduction for transient ischemic attacks 
and 30-day occurrence of all neurological events or death.19

Imaging outcomes
The MR CLEAN pretrial investigators found no significant asso-
ciation between experience and recanalization post-EVT,3 yet 
a more recently published study did find a significant increase 
in the probability for better TICI scores.4 The relatively small 
effect size they found could again be partly due to the choice of 
experience definition (EXPno) because when we used EXPno, 
our effect size approaches theirs. Another study that used annual 
experience instead of EXPno found a significantly increased 
probability for recanalization between interventionists who 
performed  <14 procedures/year compared with those who 
carried out ≥40 procedures/year. This, however, did not lead to 
fewer complications or better mRS scores.6

In the MR CLEAN Registry, an association was found between 
a higher EXPno and increased probability for first pass reper-
fusion. Additionally, first pass reperfusion itself was associated 
with an increased probability of good clinical outcome.5

Workflow outcomes
Previous studies support our results regarding the association 
between experience and shorter procedure times. In the MR 
CLEAN pretrial, the authors observed a relationship between 
more experience and shorter procedures in their sensitivity anal-
ysis (after including high-risk patients)3; this association was 
recently confirmed in a larger population.4 This is relevant since 
‘time is brain’, but also because shorter procedures lead to less 
radiation and contrast exposure. The latter was investigated in a 
retrospective single-center study, which found that an interven-
tionist’s experience in EVT for AIS was significantly associated 
with shorter procedures and less radiation exposure.2 This rela-
tion between increased experience levels and shorter procedures 
and lower contrast doses was also found in studies that investi-
gated PCI,18–22 and CAS procedures.19

Experience definition
In concordance with our results, previous studies that defined 
experience as the number of procedures/year instead of the total 
number of previously performed procedures seemed to find 
larger effects sizes on clinical, safety, and imaging outcomes. 
However, comparison of these studies is difficult, since they 
investigated different procedures, used different methods, used 
other outcome variables, and calculated the experience per year 
differently. Studies we have referred to used the average annual 
experience or an experience number per calendar. We assessed 
experience more precisely by calculating the number of proce-
dures performed in the preceding year for each procedure.

We found one other study which used both the absolute expe-
rience as well as the average annual experience to investigate the 
effect on postprocedural outcomes. That study on CAS proce-
dures found that more annual experience was related to a lower 
frequency of stroke or death within 30 days, whereas the abso-
lute experience number was not.23

Strengths and limitations
Because we calculated experience variables by using data from 
the MR CLEAN pretrial, MR CLEAN trial, and the MR CLEAN 
Registry, we had the opportunity to account for almost all EVT 
for AIS procedures performed in the Netherlands over more 
than a decade. Another strength of this study is the large nation-
wide registry used, making the results representative for clinical 

practice. Our observations regarding the influence of experience 
on clinical, imaging, and workflow outcomes, and our findings 
that frequency parameters are more strongly associated with 
these outcomes than the other experience definitions could be 
relevant in establishing minimum requirements for intervention-
ists in guidelines. It could also be important in studies investi-
gating new devices, techniques, and treatments since experience 
could be an important confounder.

Nevertheless, certain limitations need to be acknowledged. 
Because more than a single interventionist could participate in 
an EVT procedure, it was not feasible to reconstruct the relative 
contribution of each interventionist. More experienced inter-
ventionists could also supervise less experienced interventionists, 
and therefore the results found in our study may be an under-
estimation of the actual effect of experience on the analysed 
outcomes. The possible bias introduced due to this should be 
limited, though, since in the majority of cases only one interven-
tionist performed the procedure. Furthermore, our sensitivity 
analysis did not show a major impact on our primary results 
when analyses were repeated using data from the first instead 
of the most experienced interventionist. Other possible sources 
of bias could be the experience an interventionist obtained by 
performing endovascular procedures elsewhere in the body, 
or other types of endovascular treatments (eg, endovascular 
coiling), for which we did not account. Bias could also be intro-
duced by certain developments over time in, for example, device 
choices, patient selection, and increased numbers of referred 
patients. Finally, owing to the range of patient volumes investi-
gated in this study, our results may not be entirely generalizable 
to situations in which interventionists treat much higher patient 
volumes.

CONCLUSIONS
In conclusion, higher levels of interventionist’s experience, 
measured by the number of procedures performed in the preceding 
year (EXPfreq), is associated with better neurological outcomes, 
higher recanalization rates, and shorter procedure times. Every 20 
procedures more per year is associated with approximately one 
NIHSS score point decrease, an increased probability for recanal-
ization (OR=1.44), and a 6-minute decrease of procedure times. A 
higher total number of previously performed procedures (EXPno) is 
also, but to a lesser extent, associated with an increased probability 
for recanalization and shorter procedure times. More years of expe-
rience (EXPyears) also showed a minimal reduction in procedure 
times. Since EXPfreq was the best predictor of outcomes after EVT, 
we recommend the use of frequency parameters instead of the more 
common absolute experience numbers for defining experience in 
future research.
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