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OBJECTIVE Calcified cerebral emboli (CCE) are a rare cause of acute ischemic stroke. The authors aimed to assess 
the association of CCE with functional outcome, successful reperfusion, and mortality. Furthermore, they aimed to as-
sess the effectiveness of intravenous alteplase treatment and endovascular treatment (EVT), as well as the best first-line 
EVT approach in patients with CCE.
METHODS The Multicenter Randomized Controlled Trial of Endovascular Treatment for Acute Ischemic Stroke in the 
Netherlands (MR CLEAN) Registry is a prospective, observational multicenter registry of patients treated with EVT for 
acute ischemic stroke in 16 intervention hospitals in the Netherlands. The association of CCE with functional outcome, 
reperfusion, and mortality was evaluated using logistic regression models. Univariable comparisons were made to deter-
mine the effectiveness of intravenous alteplase treatment and the best first-line EVT approach in CCE patients.
RESULTS The study included 3077 patients from the MR CLEAN Registry. Fifty-five patients (1.8%) had CCE. CCE 
were not significantly associated with worse functional outcome (adjusted common OR 0.71, 95% CI 0.44–1.15), and 29% 
of CCE patients achieved functional independence. An extended Thrombolysis in Cerebral Infarction score ≥ 2B was 
significantly less often achieved in CCE patients compared to non-CCE patients (adjusted OR [aOR] 0.52, 95% CI 0.28–
0.97). Symptomatic intracranial hemorrhage occurred in 8 CCE patients (15%) vs 171 of 3022 non-CCE patients (6%; p = 
0.01). The median improvement on the National Institutes of Health Stroke Scale (NIHSS) was 2 in CCE patients versus 
4 in non-CCE patients (p = 0.008). CCE were not significantly associated with mortality (aOR 1.16, 95% CI 0.64–2.12). 
Intravenous alteplase use in CCE patients was not associated with functional outcome or reperfusion. In CCE patients 
with successful reperfusion, stent retrievers were more often used as the primary treatment device (p = 0.04).
CONCLUSIONS While patients with CCE had significantly lower reperfusion rates and less improvement on the NIHSS 
after EVT, CCE were not significantly associated with worse functional outcome or higher mortality rates. Therefore, 
EVT should still be considered in this specific group of patients.
https://thejns.org/doi/abs/10.3171/2020.9.JNS201798
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CalCified cerebral emboli (CCE) are a rare cause 
of acute ischemic stroke with a reported relative 
frequency of 1.1%–1.3% in patients with acute is-

chemic stroke who underwent endovascular treatment 
(EVT),1–3 and a relative frequency of 2.7% in all patients 
presenting with acute ischemic stroke.4 It is unclear wheth-
er patients with acute ischemic stroke due to CCE benefit 
as much from intravenous alteplase treatment and EVT 
as other stroke patients. Moreover, the most suitable EVT 
approach for patients with CCE is unclear.

Treatment results in patients with CCE in the literature 
are inconsistent and data are scarce. Intravenous alteplase 
treatment appears to be less effective in patients with CCE 
based on several case reports, probably because alteplase 
only degrades fibrin and not the calcified part of the em-
bolus.4–17 Successful reperfusion after EVT with stent re-
trievers in CCE patients has been described in several case 
reports.10,18–23 In two retrospective studies describing EVT 
in CCE patients, successful reperfusion was achieved in 
only 1 of 8 patients when stent retrievers were used and 
was not achieved in any of the 5 reported patients with 
mechanical aspiration thrombectomy.1,2 In a recent co-
hort of 40 patients with CCE, successful reperfusion was 
achieved in 58% of patients and functional independence 
in 27%; in most of these patients (90%), a combined ap-
proach of stent retrieval and distal aspiration was used.3

The aim of this study was to assess the association of 
CCE with functional outcome, successful reperfusion, and 
mortality. Furthermore, we aimed to assess the effective-
ness of intravenous alteplase treatment and EVT, as well 
as the best first-line EVT approach, in CCE patients.

Methods
Patient Selection

Patients included in this study were recruited from the 
Multicenter Randomized Controlled Trial of Endovascu-
lar Treatment for Acute Ischemic Stroke in the Nether-
lands (MR CLEAN) Registry. The MR CLEAN Registry 
is a prospective, observational multicenter registry that 
collected data from patients treated with EVT for acute 
ischemic stroke due to intracranial large-vessel occlusion 
in 16 intervention hospitals in the Netherlands, since the 
completion of the MR CLEAN trial in March 2014.24 All 
patients without contraindications received 0.9 mg/kg in-
travenous alteplase prior to EVT. The study protocol was 
evaluated by a central medical ethics committee in the 
Erasmus MC, and permission to conduct the study as a 
registry was granted.24

The current study reports on patients treated between 
March 14, 2014, and November 1, 2017. We used the fol-
lowing inclusion criteria: intracranial proximal occlusion 
in the anterior circulation, age ≥ 18 years, onset to groin 
puncture time < 6.5 hours, and treatment performed in a 
MR CLEAN trial center. We excluded patients treated af-
ter 6.5 hours because it was not standard of care to treat pa-
tients in the late time window during the inclusion period,24 
and inclusion would bias the estimation of CCE prevalence.

Imaging Analyses
All patients underwent the imaging protocol advised 

by the Dutch guidelines at baseline, including noncon-
trast CT (NCCT) and CT angiography (CTA). The fol-
lowing imaging characteristics were evaluated by the 
MR CLEAN Registry imaging core laboratory:24 Alberta 
Stroke Program Early CT Score (ASPECTS) on baseline 
NCCT, and clot burden score (CBS), collateral score, pres-
ence of cervical carotid lesions, location of the occlusion, 
and presence of intracranial atherosclerosis on baseline 
CTA. We defined an ipsilateral cervical carotid stenotic 
lesion as an atherosclerotic carotid stenosis of less than 
50%, and more than 50% ipsilateral to the intracranial 
occlusion. Reperfusion status was evaluated by the core 
laboratory on digital subtraction angiography (DSA) ac-
cording to the extended Thrombolysis in Cerebral Infarc-
tion (eTICI) score.25

Noncalcified thrombi have an attenuation of 50–70 
Hounsfield units (HUs),4 and in previous reports the mean 
attenuation of CCE ranged between 92 and 327 HUs.1,3, 4, 

9,26 Therefore, we defined an intravascular attenuation ≥ 90 
HUs (measured with the single-voxel measurement tool in 
RadiAnt DICOM viewer) at the site of the occlusion as 
CCE. To prevent overlap with vessel wall calcifications, 
linear and tubular calcifications at the occlusion site were 
excluded, and only round or ovoid calcifications were de-
fined as CCE. If CCE were identified on NCCT but no 
occlusion was observed on CTA, DSA was used to con-
firm the location of the CCE, because CCE can appear 
isodense to contrast on CTA.20,23 Examples of CCE are 
shown in Fig. 1.

Patients with suspicion of CCE were selected on NCCT 
by A.A.E.B., who received a 4-week training in stroke CT 
interpretation before starting patient selection. All selected 
cases were discussed with two experienced interventional 
neuroradiologists (B.J.E. and C.B.L.M.M.) and were only 
included if consensus was reached on the aforementioned 
items. After inclusion, we performed additional measure-
ments of CCE attenuation and length in ITK-SNAP (ver-
sion 3.4) to provide verifiable, repeatable, and comparable 
measurements. Prior to performing these measurements, 
thin-slice (≤ 2.5 mm) baseline NCCT and CTA scans were 
coregistered using Elastix imaging registration software.27 
Thick-slice NCCT scans were excluded to prevent under-
estimation of CCE attenuation.28

CCE Attenuation
The method for the assessment of absolute CCE attenu-

ation was adapted from Santos et al.29 CCE attenuation 
was measured in the proximal, middle, and distal part of 
the embolus using three separate spherical volumes with 
a radius of 1 mm (Supplemental Fig. I). Based on the CT 
attenuation values of these regions of interest (ROIs), the 
average absolute attenuation of the CCE in HUs was de-
termined.

CCE Length
Dutra et al.30 determined thrombus length on CTA; 

however, consistent with previous reports, CCE appeared 
isodense to contrast on CTA in many of our patients.20,23 
Therefore, CCE length was estimated on NCCT by mea-
suring the distance between the proximal and distal bor-
der of the CCE in the plane that was most perpendicular 
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to the longest length of the CCE (Supplemental Fig. II). In 
case of curved CCE, measurements were performed indi-
vidually for each segment in the plane most parallel to the 
course of the vessel (axial, sagittal, or coronal) and then 
added together. CTA images were used as reference for 
vessel anatomy and contrast detection in each case.

Histological Analysis
Collected thrombi were immediately stored after EVT 

in 4% buffered formaldehyde until embedding in paraffin. 
For each thrombus, two representative longitudinal 5-µm 
sections were cut, generally at a depth of 170 µm and the 
second at a depth of 230 µm using a Microm HM335 S 
microtome (Microm International GmbH). The two sec-
tions were fixed on a glass slide followed by H&E and 
resorcin-fuchsin (RF) staining. Slides were digitized at 
magnification ×20 (228 nm/pixel) using a Hamamatsu 
Nano-Zoomer scanner (Hamamatsu Photonics K.K.), and 
raw Hamamatsu.ndpi data files were stored. Sections were 
analyzed for the presence of calcifications visually and 
with micro-CT imaging. The presence of vessel wall in 
the thrombus was demonstrated with RF staining, which 
stains elastic fibers in the internal and external elastic lam-
ina of the vessel wall.

EVT Procedure
EVT was defined as entry into the angiography suite 

and receiving arterial puncture. The method of EVT was 
left to the discretion of the treating neurointerventionist. 
EVT consisted of arterial catheterization with a micro-
catheter to the intracranial occlusion location if possible, 
followed by stent retrieval or aspiration thrombectomy, or 
a combined approach. If a patient’s condition deteriorated 
after EVT, follow-up CT imaging was performed.

Outcomes
The primary outcome was the ordinal modified Rankin 

Scale (mRS) score at 90 days.31,32 The mRS is a 7-point 
scale, ranging from 0 (no symptoms) to 6 (death). The mRS 
score at 90 days was assessed as part of usual care. Func-
tional independence was defined as an mRS score of 0–2. 
Secondary outcomes were successful reperfusion, median 
difference between baseline National Institutes of Health 
Stroke Scale (NIHSS) score and NIHSS score after 24–48 
hours (Δ NIHSS), and mortality at 90 days. Successful 
reperfusion was defined as an eTICI score of 2B or more. 

To be classified as successful reperfusion, complete post-
intervention DSA imaging, including anteroposterior and 
lateral views, was mandatory. If a lateral view was miss-
ing, an eTICI score of 2A was the highest possible score.

Statistical Analysis
Continuous data are displayed as medians and inter-

quartile ranges (IQRs). Categorical data are displayed 
as frequencies and percentages. We compared baseline, 
treatment, and outcome characteristics of patients with 
and patients without CCE. Among CCE patients, treat-
ment characteristics in patients with and those without 
successful reperfusion and functional independence were 
compared in univariable comparisons. Treatment charac-
teristics included intravenous alteplase treatment prior to 
EVT, onset to reperfusion time, use and type of balloon 
guide catheter, primary treatment modality (stent retriever 
or aspiration), number of attempts, and duration of proce-
dure.

Univariable comparisons were made using the Fisher’s 
exact test, Pearson chi-square test, Pearson chi-square 
test for trend, or Mann-Whitney U-test, as appropriate to 
the type of data. A p value < 0.05 was considered sig-
nificant. Ordinal logistic regression was used to evaluate 
the association between CCE and ordinal mRS score in 
the primary outcome analysis, resulting in an unadjusted 
and an adjusted common odds ratio (ucOR and acOR, 
respectively) for a 1-step shift toward a better functional 
outcome. Adjustments were made for age, sex, atrial fibril-
lation, level of occlusion, ipsilateral cervical carotid ste-
notic lesion, and intravenous alteplase treatment. Binary 
logistic regression was performed to assess the association 
between CCE, successful reperfusion, and mortality.

Missing data (Supplemental Tables I and II) were im-
puted using multiple imputation for regression analyses 
only, not for descriptive analyses.33 Multiple imputation 
was performed on the variables listed in Supplemental 
Table I. All statistical analyses were performed with SPSS 
Statistics (version 25.0, IBM Corp.).

Sensitivity Analysis
We conducted a 1-to-1 (1:1) propensity score match-

ing analysis to evaluate the association between CCE and 
functional outcome. Propensity scores representing the 
probability of having CCE were calculated for each patient 
in each multiple imputed data set, using a logistic regres-
sion model, based on the following covariates: age, atrial 

FIG. 1. Examples of CCE (arrowheads) on NCCT in the right ICA (A), in the left proximal M1 vessel segment of the middle cerebral 
artery (MCA; B), in the right distal M1 vessel segment of the MCA (C), and in the left M2 vessel segment of the MCA (D). Window 
width = 80 HUs, window level = 40 HUs.
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fibrillation, level of occlusion, and ipsilateral cervical ca-
rotid stenotic lesion. CCE patients were matched with 
non-CCE patients in a 1:1 nearest-neighbor matching with 
a matching tolerance of 0.001. Matching was performed 
without replacement. After matching each multiple imput-

ed data set, we merged these 5 data sets and used ordinal 
logistic regression to compare functional outcome of CCE 
and non-CCE patients. We adjusted for baseline variables 
vthat remained significantly different after propensity 
score matching (age, diabetes, collateral score, CBS).

TABLE 1. Baseline characteristics of patients with and patients without CCE

Characteristic CCE Non-CCE p Value

No. of patients 55 3022
Median age (IQR), yrs 76 (71–82) 72 (61–80) 0.004
Males, n (%) 21 (38) 1583 (52) 0.04
Medical history, n (%)
 Previous stroke 6 (11) 507 (17) 0.24
 Previous myocardial infarction 7 (13) 418 (14) 0.81
 Diabetes 8 (15) 482 (16) 0.76
 Hypertension 35 (64) 1541 (52) 0.09
 Previous atrial fibrillation 5 (9) 729 (25) 0.008
 Hypercholesterolemia 21 (42) 886 (31) 0.09
 Current smoker 12 (31) 650 (28) 0.69
 Anticoagulation (vitamin K antagonists) 0 392 (13) 0.004
Clinical presentation
 Median baseline NIHSS score (IQR) 16 (11–19) 16 (11–19) 0.64
Pre-stroke mRS score, n (%) 0.59
 0–2 48 (91) 2606 (88)
 ≥3 5 (9) 351 (12)
Imaging characteristics
 Level of occlusion on CTA, n (%) <0.001
  ICA 1 (2) 774 (26)
  M1 36 (67) 1699 (58)
  M2 16 (30) 441 (15)
  Other* 1 (2) 22 (1)
 Median CCE length (IQR), mm† 6 (4–7) NA
 Median CCE absolute attenuation (IQR), HUs† 184 (142–276) NA
 Range of CCE absolute attenuation, HUs‡ 59–461 NA
 Median CBS (IQR) 6 (4–8) 6 (4–8) 0.94
 Median ASPECTS (IQR) 9 (8–10) 9 (8–10) 0.62
 Collaterals, n (%) 0.35
  0% filling of the occluded territory 6 (12) 179 (6)
  >0% and ≤50% filling of the occluded territory 20 (39) 1030 (36)
  >50% and <100% filling of the occluded territory 15 (29) 1119 (39)
  100% filling of the occluded territory 11 (21) 544 (19)
  Intracranial atherosclerosis, n (%) 32 (59) 1755 (61) 0.84
 Ipsilateral cervical carotid stenotic lesion, n (%)§ 37 (80) 1442 (53) <0.001
  Ipsilateral atherosclerotic carotid artery stenosis <50%, n (%) 31 (67) 1203 (45) 0.002
  Ipsilateral atherosclerotic carotid artery stenosis >50%, n (%) 6 (13) 239 (9) 0.30
 Intravenous alteplase treatment, n (%) 49 (89) 2301 (76) 0.03
 Median onset to groin puncture time (IQR), mins 210 (159–255) 193 (150–250) 0.17

M1/M2 = middle cerebral artery segments; NA = not available.
Boldface type indicates statistical significance. Missing values are listed in Supplemental Tables I and II.
* Other = none, M3, A1, and A2 vessel segments.
† Measurements were performed on thin-slice (≤ 2.5-mm) baseline NCCT and CTA images in CCE patients (n = 23).
‡ In 4 patients with small CCE (≤ 5 mm), the measured average absolute attenuation was < 90 HUs.
§ Ipsilateral cervical carotid stenotic lesions included both atherosclerotic carotid stenosis < 50%, and > 50% ipsilateral to the intracranial occlu-
sion.
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Results
Baseline Characteristics

We included 3077 patients from the MR CLEAN Reg-
istry. Fifty-five patients (1.8%) had CCE (Fig. 2). CCE 
patients were older and more often women (Table 1). Fur-
thermore, CCE patients less often had atrial fibrillation 
compared to non-CCE patients. None of the CCE patients 
used anticoagulation compared to 13% (n = 392/3022) of 
the non-CCE patients (p = 0.004). The most common oc-
clusion sites in CCE patients were M1 and M2 vessel seg-
ments (Fig. 3). In 1 CCE patient, no occlusion was detected 
on CTA, while on DSA an M2 occlusion was seen (Sup-
plemental Fig. III). Eight (15%) of 55 CCE patients had 
multiple CCE. Median CCE attenuation and length were 
184 HUs (range 59–461 HUs) and 6 mm, respectively. In 4 
patients with small CCE (≤ 5 mm), the measured average 
absolute attenuation was < 90 HUs. The median attenua-
tion of small CCE was 145 HUs (range 59–461 HUs) com-
pared to 229 HUs (range 142–381 HUs) of larger CCE (> 5 
mm; p = 0.04). Ipsilateral cervical carotid stenotic lesions 
were more often present in CCE patients compared to non-
CCE patients (80% [n = 37/46] vs 53% [n = 1442/2699], p 
< 0.001). CCE patients more often received intravenous al-
teplase prior to EVT compared to non-CCE patients (89% 
[n = 49/55] vs 76% [n = 2301/3022], p = 0.03).

Treatment Characteristics
Onset to reperfusion time was significantly longer in 

CCE patients compared to non-CCE patients (median 281 
vs 250 minutes, p = 0.01), mainly driven by the longer EVT 

FIG. 3. Distribution of occlusion location in patients with CCE and pa-
tients without CCE (non-CCE). *Number of patients with available occlu-
sion location. Figure is available in color online only.

FIG. 2. Flowchart of the patient selection procedure. Vessel wall calcifications are linear/tubular intravascular calcifications at the 
occlusion site. Vessel wall calcifications were located in the carotid siphon (n = 1), carotid terminus (n = 5), and M1 vessel segment 
(n = 2). Figure is available in color online only.
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procedure duration (75 minutes in CCE patients compared 
to 58 minutes in non-CCE patients, p = 0.03; Table 2). 
Symptomatic intracranial hemorrhage occurred in 15% (n 
= 8/55) of the CCE patients and in 6% (n = 171/3022) of 
the non-CCE patients (p = 0.01). Four of 8 cases of symp-
tomatic intracranial hemorrhage occurred in the 6 CCE 
patients not receiving intravenous alteplase. The percent-
age of patients with vessel perforation visible on DSA (2%) 

was comparable between CCE and non-CCE patients. Re-
admission due to recurrent stroke within 3 months after 
EVT occurred in 4% (n = 2/55) of the CCE patients and in 
1% (n = 16/3022) of the non-CCE patients (p = 0.04).

In Table 3, treatment characteristics in CCE patients 
with and those without successful reperfusion and func-
tional independence are compared. Intravenous alteplase 
use in CCE patients was not associated with reperfusion or 

TABLE 2. Treatment characteristics and outcome in patients with and patients without CCE

Treatment Characteristics and Outcomes CCE Non-CCE p Value

Characteristics
 Median onset to reperfusion time (IQR), mins* 281 (223–336) 250 (198–311) 0.01
 Performed procedure, n (%) 0.44
  Target occlusion not accessible 1 (2) 175 (6)
  DSA only, spontaneous reperfusion 6 (11) 267 (9)
  EVT 48 (87) 2572 (85)
 Median no. of attempts (IQR) 2 (1–4) 2 (1–3) 0.21
 Median procedure duration (IQR), mins 75 (47–87) 58 (38–83) 0.03
 Balloon guide catheter, n (%) 25 (63) 1369 (63) 0.97
 Primary treatment device, n (%) 0.77
  Stent retriever 30 (68) 1708 (72)
  Aspiration device 14 (32) 634 (27)
  Intraarterial thrombolysis 0 21 (1)
 Per-procedural complications assessed on DSA, n (%)
  Distal occlusion 5 (10) 406 (15) 0.33
  New clot in different vascular territory 0 132 (5) 0.17
  Evidence of vessel perforation on DSA 1 (2) 52 (2) 0.61
 Serious adverse events, n (%)
  Stroke progression 5 (9) 272 (9) 1.00
  New ischemic stroke 0 47 (2) 1.00
  Symptomatic intracranial hemorrhage 8 (15) 171 (6) 0.01
  Pneumonia 10 (18) 335 (11) 0.098
  Readmission due to recurrent stroke† 2 (4) 15 (0.5) 0.04
Outcomes
 Posttreatment eTICI score, n (%) 0.01
  0 10 (18) 487 (17)
  1 4 (7) 82 (3)
  2A 17 (31) 544 (19)
  2B 10 (18) 658 (22)
  2C 5 (9) 319 (11)
  3 9 (16) 856 (29)
 Median NIHSS 24–48 hrs post-EVT (IQR) 13 (6–20) 10 (4–17) 0.11
 Median Δ NIHSS (IQR)‡ 2 (−3 to 8) 4 (0–9) 0.008
 mRS score at 3-mo follow-up, n (%) 0.09
  0–2 15 (29) 1159 (41)
  3–6 36 (71) 1664 (59)
 Mortality, n (%) 18 (35) 808 (29) 0.30

Boldface type indicates statistical significance. Missing values are listed in Supplemental Tables I and II. 
* Or last contrast bolus.
† Readmission due to recurrent stroke included transient ischemic attack, retinal artery ischemia, and new ischemic stroke within 3 months 
after EVT.
‡ Median difference between baseline NIHSS score and NIHSS score 24–48 hours post-EVT.
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functional outcome (p = 0.69 and p = 0.66, respectively). In 
CCE patients with successful reperfusion, procedure dura-
tion was shorter than in patients without successful reper-
fusion: 65 minutes in patients with successful reperfusion 
compared to 79 minutes in patients without successful 
reperfusion (p = 0.06). In CCE patients with successful 
reperfusion, a stent retriever was significantly more often 
used as the primary treatment device (p = 0.04). In pa-
tients who achieved functional independence, the median 
procedure duration of EVT was 35 minutes compared to 
80 minutes in patients who did not achieve functional in-
dependence (p = 0.002).

Postintervention Imaging
Postintervention NCCT was performed in 25 CCE pa-

tients, and in 16 (73%) of 22 patients a persistent CCE was 
noted. In 9 patients with successful reperfusion, postinter-
vention imaging was performed; 3 of them had persistent 
CCE (Table 3). In 2 of these patients, distal dispersion of 
the CCE occurred, and in 1 patient, spontaneous reperfu-
sion occurred while the CCE persisted at the same loca-
tion. None of the patients with persistent CCE on postin-
tervention imaging experienced recurrent stroke within 3 
months after EVT.

Histology
Three thrombi of CCE patients were present in the 

MR CLEAN biobank. Analysis revealed the presence of 
calcium, scattered in several places throughout the throm-
bus (Fig. 4). The presence of calcium was confirmed with 
micro-CT imaging (Supplemental Fig. IV). No calcifica-
tions were found in the other two thrombi upon histologi-
cal analysis and micro-CT imaging, but macrophage giant 

cells, cholesterol, and vessel wall were present, indicative 
of atheroma and fibrous plaque, respectively. In the 2 pa-
tients in whom no calcifications were found on histological 
analysis, postintervention imaging was performed, and a 
persistent CCE was seen at the same location in 1 patient.

Primary Outcome
After 3 months, 29% of CCE patients achieved func-

tional independence (n = 15/51) versus 41% (n = 1159/2823) 
of non-CCE patients (p = 0.09; Fig. 5, Table 2). CCE pres-
ence showed a nonsignificant trend toward worse function-
al outcome (ucOR 0.66, 95% CI 0.41–1.07, and acOR 0.71, 
95% CI 0.44–1.15).

Secondary Outcomes
Successful reperfusion was achieved in 24 CCE pa-

tients (44%) and in 1833 (63%) of 2946 non-CCE patients. 
CCE were significantly associated with a lower chance of 
successful reperfusion (OR 0.52, 95% CI 0.28–0.95, and 
adjusted OR [aOR] 0.52, 95% CI 0.28–0.97).

Δ NIHSS Score
CCE patients achieved a median improvement of 2 

points on the NIHSS 24–48 hours after EVT, while non-
CCE patients achieved a median improvement of 4 points 
(p = 0.008; Table 2).

Mortality at 90 Days
Death at 90 days was observed in 18 (35%) of 51 CCE 

patients and in 808 (29%) of 2823 non-CCE patients (Ta-
ble 2). The presence of CCE was not significantly associ-
ated with mortality (OR 1.25, 95% CI 0.71–2.21, and aOR 
1.16, 95% CI 0.64–2.12).

TABLE 3. Treatment characteristics and follow-up imaging in CCE patients

Treatment Characteristic
Reperfusion Score

p Value
Functional Outcome

p ValueeTICI <2B, n = 31 eTICI ≥2B, n = 24 mRS ≤2, n = 15 mRS ≥3, n = 36

Intravenous alteplase, n (%) 27 (87) 22 (92) 0.69 14 (93) 31 (86) 0.66
Median onset to reperfusion time (IQR), mins* 290 (240–339) 278 (213–340) 0.63 250 (190–302) 303 (225–346) 0.12
Performed procedure, n (%) 0.31 0.05
 Target occlusion not accessible 1 (3) 0 0 1 (3)
 DSA only, spontaneous reperfusion 1 (3) 5 (21) 5 (33) 1 (3)
 EVT 29 (94) 19 (79) 10 (67) 34 (94)
Median no. of attempts (IQR) 3 (1–4) 2 (1–2) 0.25 2 (1–2) 2 (2–4) 0.09
Median procedure duration (IQR), mins 79 (68–90) 65 (35–80) 0.06 35 (17–75) 80 (68–90) 0.002
Balloon guide catheter, n (%) 14 (64) 11 (61) 0.87 7 (58) 16 (64) 1.00
Primary treatment device, n (%) 0.65
 Stent retriever 16 (57) 14 (88) 0.04 6 (86) 22 (67)
 Aspiration device 12 (43) 2 (13) 1 (14) 11 (33)
Follow-up CT, n (%)† 16 (52) 9 (38) 0.30 5 (33) 20 (56) 0.15
Persistent CCE, n (%) 13 (81) 3 (33) 0.12 1 (33) 15 (79) 0.43
CCE migrated more distally, n (%) 3 (23) 2 (67) 0.56 0 5 (33) 1.00

Boldface type indicates statistical significance. Missing values are listed in Supplemental Tables I and II.
* Or last contrast bolus. 
† Follow-up CT imaging was performed in 25 CCE patients; in 22 patients, follow-up CT scans were available for analysis. 
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FIG. 5. Distribution of the mRS score after 3 months in patients with CCE and patients without CCE (non-CCE). *Number of 
patients with available mRS score. Figure is available in color online only.

FIG. 4. Histology and CT imaging of a calcified cerebral embolus. Overview (A) and details (B and C) of a thrombus retrieved 
by endovascular thrombectomy. Shown is a thrombus that typically consists of erythrocytes and leukocytes within a fibrin- and 
platelet-rich matrix. In this thrombus, calcified areas were found (*). H&E. Bar = 250 µm (A), 50 µm (B and C). On NCCT (D) and 
CTA (E), the calcified cerebral embolus is clearly visible in the right distal M1 vessel segment of the MCA. Figure is available in 
color online only.
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Sensitivity Analysis
After propensity score matching, the sample size of 

both the CCE and non-CCE groups was 55. Baseline char-
acteristics were similar in the 2 matched groups, except 
collateral score, which was higher in the non-CCE group 
(Supplemental Table III). The presence of CCE was not 
significantly associated with worse functional outcome 
(ucOR 0.90, 95% CI 0.39–2.09, and acOR 0.88, 95% CI 
0.33–2.33).

Discussion
CCE were present in 55 patients (1.8%) of the MR 

CLEAN Registry. We demonstrated that in CCE patients, 
reperfusion rates were significantly lower than in non-CCE 
patients. Also, CCE patients showed less improvement on 
the NIHSS after EVT. Despite these findings, CCE were 
not significantly associated with worse functional outcome 
or mortality.

The frequency of CCE in our study (1.8%) was com-
parable to the previously reported frequencies of 1.1%–
2.7%.1–4 The median attenuation of CCE was 184 HUs, with 
a minimum attenuation of 59 HUs. The minimum of 59 is 
slightly lower than the 90 HU cutoff value used for patient 
inclusion, because during inclusion a single-voxel measure-
ment in RadiAnt DICOM Viewer was used. In the more 
complete thrombus characteristics measurement workflow 
in ITK-SNAP, the average of three slightly larger ROIs was 
used, to take potential heterogeneity within a thrombus into 
account. The measurement performed in ITK-SNAP may 
be more affected by partial volume effect in small CCE 
thrombi, lowering the resulting measured HUs.

Only a few studies have provided histological evidence 
to confirm the CT imaging diagnosis of CCE.19,34,35 We 
performed histological analysis and micro-CT imaging 
of three available extracted thrombus fragments of CCE 
patients and were able to confirm the presence of calcium 
in 1 case. In the 2 remaining patients, we could not iden-
tify calcifications in the sections taken from the extracted 
thrombus fragment. In 1 patient, this was caused by failure 
to remove the CCE, as demonstrated on postinterventional 
imaging. In the other patient, it is possible that the calcified 
part of the thrombus was not present in the investigated 
thrombus fragment, or not yet cut. The former is supported 
by a previous study that described that CCE mostly have 
attached thrombi or will form an adjacent thrombus at the 
site of the intracranial occlusion location.36 Together with 
the observation that CCE are often only small emboli, it is 
likely that the CCE fragment itself may not be present in a 
histologically analyzed thrombus fragment.

Successful reperfusion was achieved in 44% of the 
CCE patients and was more often achieved when using a 
stent retriever as a primary treatment device. Therefore, 
consistent with previous studies, stent retrieval—with or 
without simultaneous aspiration—might be a better first-
line approach for CCE than the use of an aspiration device 
alone,2,3 although our study was not sufficiently powered 
for this analysis. A recent in vitro study showed that a 
combined technique of stent retrieval with flow arrest and 
manual aspiration using a balloon guide catheter was the 
most successful approach to remove CCE.36 This was sup-

ported by a clinical study in which first-pass reperfusion 
in CCE patients was most often achieved with a combined 
approach of distal aspiration and stent retrieval.3 In that 
study, a combined approach was used in 90% of the pa-
tients, which might explain the higher reperfusion rate of 
58% compared to our CCE cohort. Furthermore, symp-
tomatic intracranial hemorrhage occurred in 5% of the 
patients in that study, which is less than in our CCE pa-
tient cohort.3 This might have been caused by the greater 
proportion of CCE patients receiving intravenous alteplase 
treatment in our study. However, the observation that intra-
cranial hemorrhage occurred more often in CCE patients 
who were not treated with intravenous alteplase suggests 
that EVT contributed to this complication as well. In only 
1 CCE patient, a vessel perforation was seen on DSA, but 
in 2 other CCE patients, symptomatic intracranial hemor-
rhage was visualized on NCCT within an hour after EVT, 
which makes it very likely that these bleedings were also 
directly attributable to EVT. Moreover, longer EVT proce-
dure times in CCE patients imply that removing CCE was 
more difficult compared to patients without CCE. This 
was supported by a recent in vitro study, which showed 
that compressive stiffness of CCE was 4–5 times greater 
than that of blood thrombi.36 Therefore, it is possible that 
in CCE patients more traction was applied to remove the 
embolus than in non-CCE patients, causing vascular dam-
age leading to per-procedural symptomatic intracranial 
hemorrhage.

CCE patients more often received intravenous alteplase 
treatment prior to EVT compared to non-CCE patients, 
probably because non-CCE patients more often had atrial 
fibrillation and used anticoagulation, which is a contrain-
dication for intravenous alteplase treatment. Additionally, 
it may be believed that alteplase does not help with re-
canalization in CCE, because its fibrin-degrading proper-
ties may have little effect on emboli consisting primarily 
of calcified material and atheroma. Reperfusion and func-
tional outcome were comparable in patients with CCE 
who received intravenous alteplase treatment and those 
who did not, which could support this belief. However, 
our study was not significantly powered to draw definite 
conclusions from this finding. Furthermore, all 6 cases of 
spontaneous reperfusion occurred in patients with CCE 
who received intravenous alteplase prior to EVT. There-
fore, it is likely that intravenous alteplase treatment and 
EVT both contribute to partial blood flow restoration by 
resolving or removing the softer, mostly fibrin-rich throm-
bus proximal from or surrounding the CCE.36 This is 
further supported by the finding that in our study, distal 
dispersion of CCE only occurred in patients who received 
intravenous alteplase treatment prior to EVT.

Readmission due to recurrent stroke within 3 months 
after EVT occurred more often in CCE patients, which 
might have been caused by undiagnosed embolic sourc-
es. Ipsilateral cervical carotid stenotic lesions were more 
often present in patients with CCE. Possibly, the source 
of CCE is a calcified plaque in the extracranial carotid 
arteries. This finding is consistent with previous studies, 
in which 30% of CCE originated from a carotid athero-
sclerotic plaque. Furthermore, histological analysis in our 
study indicated the presence of atheroma and appears to 
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corroborate this as a potential source. Other important re-
ported sources of CCE were the aortic arch and calcified 
heart valves.3,4

The proportion of patients achieving functional inde-
pendence (29%) was in line with the 26% rate in a previ-
ously reported CCE patient cohort. However, the mortality 
rate in that study was 56%, much higher than the 35% in 
our cohort.3 Perhaps the greater number of proximal CCE 
locations (M1 and internal carotid artery [ICA] were the 
most common occlusion sites) and greater CCE length in 
that study compared to ours might have contributed to the 
higher mortality rate.3

There was no significant association between CCE and 
functional outcome, which became even more apparent 
after propensity score matching demonstrated a point es-
timate of the OR of 0.88. In addition, more CCE patients 
achieved functional independence than in the control 
group of the MR CLEAN trial, which is currently the best 
available control group for evaluating a treatment effect 
in CCE patients.37 Patients in the control group of the MR 
CLEAN trial were assigned to usual care, which included 
intravenous alteplase if eligible. In the control group, 19% 
of patients achieved functional independence and 22% 
died.37 In our CCE cohort, functional independence was 
achieved in 29% of the patients. However, our mortality 
rate was 35%, which is much higher than that of the MR 
CLEAN control group. This higher mortality rate is prob-
ably explained by the higher median age and the higher 
prevalence of symptomatic intracranial hemorrhage in the 
CCE group compared to the MR CLEAN control group. 
Because the proportion of CCE patients achieving func-
tional independence is considerably higher after EVT 
when compared to the MR CLEAN control group, togeth-
er with the finding that the presence of CCE is not associ-
ated with worse functional outcome, EVT should not be 
withheld in these patients.

There are limitations to our study. First, because the in-
cidence of CCE is low, our CCE patient cohort was small, 
which limited statistical analyses. However, our reported 
CCE study cohort was obtained from a large cohort of 
consecutive patients with acute ischemic stroke and is the 
largest sample to date. Second, all CCE patients were se-
lected by a trained observer (A.A.E.B.), which might have 
reduced the sensitivity of detecting CCE because only sus-
pected cases as selected by A.A.E.B. were discussed with 
experienced neuroradiologists (B.J.E. and C.B.L.M.M.). 
However, A.A.E.B. received a 4-week training in stroke 
CT interpretation before starting patient selection, and 
our reported CCE frequency of 1.8% was comparable to 
the reported relative frequency range of 1.1%–2.7% in the 
literature.1–4 Third, our data were obtained from 16 inter-
vention hospitals in the Netherlands, which might have 
caused procedural differences that interfere with clinical 
outcome. However, this makes the results of this study 
more generalizable to real-world clinical practice. Finally, 
we were not able to provide a recommendation about the 
best first-line EVT approach and the benefit of intravenous 
alteplase treatment in patients with CCE, because our 
study was not sufficiently powered for these analyses. Fu-
ture research should therefore focus on analyzing different 
treatment approaches in CCE patients.

Conclusions
Acute ischemic stroke due to CCE was associated with 

significantly lower reperfusion rates and less improve-
ment on the NIHSS after EVT. However, CCE were not 
significantly associated with worse functional outcome or 
higher mortality rates, and almost 30% of CCE patients 
achieved functional independence. Successful reperfusion 
was more often achieved with a stent retriever than with 
aspiration as the primary treatment approach. EVT should 
still be considered in this specific group of patients.
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