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The CSF surrounds the CNS, and its composition 
reflects the chemical and cellular environment. Its 
diagnostic potential as a “liquid biopsy” for study-

ing CNS diseases is used in clinical practice on a regu-
lar basis.18 Specific analysis of the CSF includes proteins 

such as antibodies, oligoclonal banding, or soluble proteins 
used for diagnosis of several neural diseases.16 Recent re-
ports have indicated that CSF also contains small mem-
brane particles7,40 such as exosomes or microvesicles and/
or ectosomes.9 The CSF-derived membrane particles have 
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OBJECTIVE Previous studies have demonstrated that human CSF contains membrane particles carrying the stem cell 
antigenic marker CD133 (prominin-1). Here, the authors analyzed the variation of the amount of these CD133-positive 
particles in the CSF of patients with subarachnoid hemorrhage (SAH) and intracerebral hemorrhage (ICH).
METHODS Consecutive CSF samples from 47 patients with SAH or ICH were compared to 14 healthy control patients. 
After differential ultracentrifugation of CSF, the membrane particle fraction was separated on gel electrophoresis and its 
CD133 content was probed by immunoblotting using the mouse monoclonal antibody 80B258 directed against human 
CD133. The antigen-antibody complexes were detected by chemiluminescence reagents and quantified using human 
Caco-2 cell extract as positive control with a standardized curve.
RESULTS As compared to healthy controls (6.3 ± 0.5 ng of bound CD133 antibody; n = 14), the amount of membrane 
particle–associated CD133 immunoreactivities was significantly elevated in patients with SAH and ICH (38.2 ± 6.6 ng 
and 61.3 ± 11.0 ng [p < 0.001] for SAH [n = 18] and ICH [n = 29], respectively). In both groups the CD133 level dropped 
during the first 7 days (i.e., day 5–7: SAH group, 24.6 ± 10.1 ng [p = 0.06]; ICH group, 25.0 ± 4.8 ng [p = 0.002]). Where-
as changes in the amount of CD133-positive membrane particles between admission and day 5–7 were not associated 
with clinical outcomes in patients with ICH (modified Rankin Scale [mRS] scores 0–3, −30.9 ± 12.8 ng vs mRS scores 
4–6, −21.8 ± 10.7 ng; p = 0.239), persistent elevation of CD133 in patients with SAH was related to impaired functional 
outcome 3 months after ictus (mRS scores 0–2, −29.9 ± 8.1 ng vs mRS scores 3–6, 7.6 ± 20.3 ng; p = 0.027). These 
data are expressed as the mean ± standard error of the mean (SEM).
CONCLUSIONS Levels of membrane particle–associated CD133 in the CSF of patients with SAH and ICH are signifi-
cantly increased in comparison to healthy patients, and they decline during the hospital stay. Specifically, the persistent 
elevation of CD133-positive membrane particles within the first week may represent a possible surrogate measure for 
impaired functional outcome in patients with SAH.
https://thejns.org/doi/abs/10.3171/2019.11.JNS191861
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been shown to carry the stem cell antigenic marker CD133 
(prominin-1), a cholesterol-binding pentaspan membrane 
glycoprotein.27,41

CD133 is expressed by various somatic stem cells, nota-
bly those found in the neural and hematopoietic system.3,29 
Importantly, CD133 is not only limited to progenitors, but 
it is also detected in terminally differentiated cells such 
as glial cells (e.g., oligodendrocytes, astrocytes) and ep-
endymal cells.1,11,23 The CD133 biology in neural tissues 
was recently reviewed.21 A remarkable characteristic of 
CD133 is its selective association with plasma membrane 
protrusions, irrespective of cell type.12 CD133 regulates 
the architecture and dynamics of cellular protrusions.36 
Although the physiological function of CD133-positive 
membrane particles remains to be identified, recent stud-
ies have indicated the utility of CD133 in the CSF as a 
means to monitor the progression of gliomas and several 
neurodegenerative diseases.5,19,20

Whether or not membrane particle–bound CD133 is of 
diagnostic value in neurovascular diseases is essentially 
unestablished. Despite extensive research, patients suf-
fering from severe subarachnoid hemorrhage (SAH) and 
intracerebral hemorrhage (ICH) are still compromised by 
high fatality rates and a lack of biomarkers to determine 
predictors of outcome.17,32 Here we analyzed for the first 
time consecutive CSF samples of patients with SAH and 
ICH, and correlated membrane particle–associated CD133 
levels to clinical outcome measures.

Methods
Study Design and Patient Selection

We included patients with SAH and ICH admitted to 
the Neurological Intensive Care Unit of the Department 
of Neurology, University Hospital Erlangen, Germany, be-
tween September 2016 and March 2017. The study design 
was approved by the local institutional ethics review board 
and informed consent for sequential analysis was obtained 
from patients or their legal representatives prior to enroll-
ment in the study. CSF was examined in 14 healthy pa-
tients receiving diagnostic lumbar puncture for exclusion 
of inflammatory disease or SAH, and was compared to 
CSF obtained in 47 patients with SAH or ICH who re-
quired placement of external ventricular drains because 
of obstructive hydrocephalus; 18 patients with SAH and 
29 patients with ICH. For the study flowchart, see Fig. 
1. External ventricular drain placement into the frontal 
horn, ipsilateral to the ICH, or contralateral to the ICH 
was left to the discretion of the neurosurgeon. All patients 
received standard medical treatment according to the cur-
rent guidelines.17

CSF samples of patients with SAH and ICH were col-
lected via extraventricular drainage (EVD) and exam-
ined every 2–3 days to exclude intraventricular infection 
according to hospital standards.6 After collection, CSF 
was examined by the hospital laboratory for basic CSF 
analysis (cell count, total protein via immunoturbidimetric 
assay) within 30 minutes. During this time 1-ml aliquots 
were stored for CD133 evaluation (see below). We catego-
rized CSF samples as collected on day 0–2, day 3–4, day 
5–7, and day 8–10. Clinical data and medical information 

were retrieved from our institutional prospective database 
and included: demographic parameters; preexisting con-
dition; history of cardiovascular diseases; clinical status 
on admission (National Institutes of Health Stroke Scale 
[NIHSS], Glasgow Coma Scale [GCS], modified Fisher 
Scale, and ICH score); and in-hospital parameters (me-
chanical ventilation, length of stay in hospital, length of 
EVD, lumbar drainage, and CSF infections). Diagnosis of 
SAH and ICH was based on CT examination (SOMATOM 
Definition AS +; Siemens) and evaluated by 2 experienced 
neuroradiologists. 

The NIHSS, GCS, Hunt and Hess scale, and modified 
Fisher scale scores were determined by the treating and 
scale-trained physicians. Diagnosis of hypertension, dia-
betes, and coronary artery disease was established accord-
ing to current criteria.15 Intracranial pressure (ICP) levels 
greater than 20 mm Hg were treated with osmotic therapy 
(mannitol infusions and hypertonic saline); ICP was moni-
tored throughout by EVD. CSF drainage management was 
accomplished according to recently published protocols 
with subsequent placement of a lumbar drain.37 In short: a 
lumbar drain was placed after clearance of intraventricu-
lar hemorrhage in the third and fourth ventricles, then the 
external ventricular drain was clamped and removed if no 
ICP crisis was observed within 24 hours. Delayed cerebral 
ischemia was defined by a new infarct on brain imaging 
that was not visible on the admission scans or by other-
wise unexplained clinical deterioration. Catheter-associ-
ated CSF infections were closely monitored and treated 
according to published criteria.4

Functional outcome was assessed using the modified 
Rankin Scale (mRS)33 3 months after hospital admission, 
either by physical examination during a follow-up visit or 
by a structured telephone interview with the patients or a 
legal representative. According to previous trials, we de-
fined a favorable outcome in patients with SAH as an mRS 
score of 0–2, and unfavorable outcome as an mRS score 
of 3–6.24 In patients with ICH a favorable outcome was 
defined as an mRS score of 0–3, and unfavorable outcome 
as an mRS score of 4–6.39

Analysis of CD133-Positive Membrane Particles
After collection of CSF, protease inhibitor (Roche 

Diagnostics) was added to an aliquot (1 ml) of CSF and 
stored at −80°C. For isolation of membrane particles, CSF 
samples were thawed on ice and centrifuged at 10,000g 
for 30 minutes at 4°C. Supernatant was collected and 
again centrifuged at 100,000g for 60 minutes at 4°C. The 
remaining pellet was resuspended in 35 µl of Laemmli 
buffer.19,20 Samples were then subjected to immunoblot-
ting. Human colorectal adenocarcinoma Caco-2 cells ex-
pressing CD133 were used as positive control and for es-
tablishing a standard curve.13,27 Caco-2 cell extracts were 
prepared as shown,13,20 and had a protein concentration of 
10 µg/µl with a dilution of 1:100.

For immunoblotting, samples and positive controls 
were loaded on Tris-glycine gels (Precise 8%; Thermo-
Fisher) and transferred to polyvinylidene difluoride mem-
branes (Immobilon-P membrane, 0.45 µm; Merck) ac-
cording to standard procedures.10,11,19,20 Membranes were 
blocked for 1 hour in phosphate-buffered saline contain-
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ing 0.3% Tween 20 and 5% low-fat milk powder (blocking 
solution), and then incubated with mouse monoclonal anti-
body 80B258 (1 µg/ml; isotype IgG1) directed against the 
first extracellular loop of human CD133.20,23,28 The anti-
CD133 antibody was then diluted in blocking solution. Af-
ter 12 hours, membranes were washed 3 times (15 minutes 
each) with phosphate-buffered saline containing 0.3% 
Tween 20 and then incubated for 60 minutes in blocking 
solution containing the secondary antibody: horseradish 
peroxidase–conjugated goat anti–mouse (1:5000; Jackson 
Immunoresearch Laboratories). Enhanced chemilumi-
nescence reagents (SuperSignal West Femto Substrate; 
ThermoFisher) was used to detect the antigen-antibody 
complexes. Visualization of the complexes was performed 
with the image reader Fusion FX 7 Spectra (Vilber Lour-
mat GmbH), as reported recently.5,19 Quantification was 
calculated using Image Quant TL (GE Healthcare GmbH). 
Caco-2 extracts were used as an internal standard sample 

and evaluated on each blot. The amount of bound mono-
clonal antibody 80B258 (in nanograms) was calculated us-
ing an established standard curve of Caco-2 cell extracts, 
as described.5,19,20

Statistical Analysis
For statistical analysis the IBM SPSS Statistics soft-

ware version 22.0 (IBM Corp.) and GraphPad Prism 8.0 
(GraphPad Inc.) were used. The Kolmogorov-Smirnov 
test was performed to determine the data distribution. 
Normally distributed data are presented as the mean ± 
standard error of the mean (SEM) and compared using 
the Student t-test. Other data are presented as the median 
and range, and compared using the Mann-Whitney U-test 
(unpaired data) or the Wilcoxon signed-rank test (paired 
data). The Pearson chi-square and the Fisher exact tests 
were used to compare frequency of categorized variables, 
and the Kruskal-Wallis test was used for comparison of 

FIG. 1. Study flowchart. In this study we enrolled 14 healthy patients, 18 patients with SAH, and 29 patients with ICH. Levels of 
membrane particle–associated CD133 were measured on day 0–2, day 3–4, day 5–7, and day 8–10.
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several independent groups. The relationship between par-
ticle-associated CD133 and cell count and protein levels in 
CSF was investigated by linear regression. All statistical 
tests were 2-sided, the significance level was set at α = 
0.05, and findings were corrected for multiple compari-
sons by Holm’s sequential Bonferroni procedure.

Results
CD133-Positive Membrane Particles Are Increased in 
Patients With SAH and ICH

To investigate the potential variation of membrane par-
ticle–associated CD133 levels in CSF samples of patients 
with SAH and ICH, we examined 47 patients with intra-
cranial hemorrhages and compared them with 14 healthy 
individuals who received a diagnostic lumbar puncture for 
exclusion of inflammatory disease or SAH (Fig. 1). The 
characteristics of all enrolled patients with SAH or ICH 
are summarized in Tables 1 and 2, stratified by favorable 
and unfavorable outcome after 3 months. As compared to 
healthy controls (median age 53.0 years [IQR 48.3–60.0 
years]; 50% female), the amount of membrane particle–as-
sociated CD133—as observed by CD133 immunoreactivi-
ty (see Methods) on first CSF analysis (i.e., day 0–2)—was 
significantly increased in patients with SAH and ICH (6.3 
± 0.5 ng bound anti-CD133 antibody in healthy controls 
vs 38.2 ± 6.6 ng and 61.3 ± 11.0 ng for SAH [n = 18] and 
ICH [n = 29], respectively; Kruskal-Wallis test, p < 0.001; 
Figs. 2 and 3, upper panels). Interestingly, linear regres-
sion analysis revealed no correlation between the amount 
of CD133 immunoreactivity and total protein levels on 
day 0–2 (r2 = 0.024; p = 0.259) or CSF cell count on day 

0–2 (r2 = 0.077; p = 0.152), suggesting that membrane par-
ticle–associated CD133 might represent a novel biomarker 
of these diseases.

The amount of CD133-positive membrane particles 
decreased in subsequent CSF analyses during the course 
of patients’ stay. In both groups the amount of CD133 
dropped significantly when comparing results on day 0–2 
after admission (see preceding paragraph) to day 3–4 
(Fig. 2, upper panel—SAH: day 3–4, 20.0 ± 3.3 ng, p = 
0.033; Fig. 3, upper panel—ICH: day 3–4, 26.2 ± 4.2 ng, p 
< 0.001) and on day 8–10 (SAH: 10.4 ± 4.7 ng, p = 0.004; 
and ICH: 20.0 ± 4.4 ng, p < 0.001).

Variation of the Amount of CD-133–Positive Membrane 
Particles and Association With Clinical Outcomes

The amount of membrane particle–associated CD133 
on admission did not distinguish between patients with fa-
vorable and unfavorable outcome in both entities (patients 
with SAH: favorable outcome, 39.1 ± 7.8 ng vs unfavorable 
outcome, 36.4 ± 13.3 ng, p = 0.797; patients with ICH: fa-
vorable outcome, 50.8 ± 18.7 ng vs unfavorable outcome, 
65.2 ± 14.4, p = 0.549; Figs. 2 and 3, lower panels, respec-
tively).

Comparing patients with SAH who had a favorable ver-
sus unfavorable functional outcome revealed that CD133 
immunoreactivity levels showed a persistent elevation in 
those patients with an unfavorable outcome (i.e., differ-
ence of CD133 between day 0–2 vs day 5–7: favorable 
outcome, −29.9 ± 8.1 ng vs unfavorable outcome, 7.6 ± 
20.3 ng; p = 0.027). In our cohort, patients with persistent 
elevation of CD133-positive membrane particles showed a 

TABLE 1. Baseline characteristics and in-hospital measures and complications in 18 patients with SAH stratified by outcome after 3 months

Characteristic
Outcome Group

p ValuemRS 0–2, n = 10 mRS 3–6, n = 8

Age, yrs 55.0 (48.8–60.3) 58.0 (44.8–62.8) 0.696
Female sex 6 (60%) 6 (75%) 0.638
Previous comorbidities
 Hypertension 5 (50%) 3 (37.5%) 0.664
 Diabetes mellitus 1 (10%) 1 (12.5%) >0.99
 History of smoking 5 (50%) 4 (50%) >0.99
Admission status
 GCS score 12 (3–15) 3 (3–3) 0.033
 Hunt & Hess scale score 3 (1–4) 5 (3–5) 0.034
 Modified Fisher scale score 4 (3–4) 4 (4–4) 0.573
In-hospital measures & complications
 Duration of ventilation, days 9.0 (1.8–20.8) 14.0 (9.0–31.0) 0.121
 Duration of EVD, days 6.0 (5.8–8.3) 10.0 (6.0–15.0) 0.088
 Lumbar drainage 10 (100%) 6 (75%) 0.183
 Osmotherapy 2 (20%) 6 (75%) 0.054
 Ventriculitis 0 (0.0%) 1 (12.5%) 0.444
 Delayed cerebral ischemia 2 (20%) 5 (62.5%) 0.145
 Length of stay, days 23.5 (20.0–30.3) 24.5 (9.8–36.5) 0.965

Boldface type indicates statistical significance at p < 0.05. Values are expressed as the number of patients (%) or as the median (IQR; 25th–75th percentile). An mRS 
score of 0–2 denotes a favorable outcome; an mRS score of 3–6 denotes an unfavorable outcome. 
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high rate of delayed cerebral ischemia; although without 
significant difference (62.5% [5/8] vs 20.0% [2/10]; p = 
0.145).

Comparing patients with ICH who had favorable versus 
unfavorable functional outcome revealed that CD133 im-
munoreactivity levels dropped to a similar extent in pa-
tients with both favorable and unfavorable outcome (i.e., 
reduction of CD133 between day 0–2 vs day 5–7: favor-
able outcome, −30.9 ± 12.8 ng vs unfavorable outcome, 
−21.8 ± 10.7 ng).

Discussion
The present study for the first time systematically in-

vestigated human CSF for membrane particle–associated 
CD133 in patients with SAH and ICH. In essence, com-
pared to healthy individual controls, patients with SAH 
and ICH showed markedly increased levels of CD133, 
which declined during the hospital stay. Although the 
amount of CD133 and its dynamic did not differentiate 
favorable and unfavorable outcome in ICH, persistent el-

evation was linked to unfavorable outcome in SAH. Some 
aspects deserve further attention.

Analysis of CSF is often used as a diagnostic tool in 
patients with SAH or ICH. Several proteins in CSF have 
been examined to constitute a possible prognostic factor 
for outcome in these diseases.35,38 Analysis of membrane-
associated particles represents an interesting tool for 
monitoring neurological disease because cell membrane 
dynamics are tracked, which may shed light on the sever-
ity of the disease.2 The key question remains: why is a 
persistent or second elevation of CD133 levels linked to 
functional outcome?

The easiest explanation would be a surrogate of dis-
ease severity being less pronounced in those patients with 
fast CD133 decrease and thus more favorable outcome. A 
possible source of CD133-positive membrane particles are 
ependymal cells and/or astrocytes residing in the subven-
tricular zone.1 These cells protrude with their CD133-pos-
itive cilium into the lumen, and may be the source of these 
membrane particles.11,25,27 Even though current research 
did not prove any evidence of infiltrating cells contribut-

TABLE 2. Baseline characteristics, admission status, imaging characteristics, in-hospital measures, and complications in 28 patients with 
ICH stratified by outcome after 3 months*

Characteristic
Outcome Group

p ValuemRS 0–3, n = 5 mRS 4–6, n = 23
Age, yrs 57.0 (43.0–66.5) 74.0 (61.0–80.0) 0.033
Female sex 1 (20%) 7 (30.4%) >0.99
Previous comorbidities
 Premorbid mRS score 0 (0–1) 2 (0–3) 0.071
 Hypertension 4 (80%) 22 (95.7%) 0.331
 Diabetes mellitus 1 (20%) 11 (47.8%) 0.355
 Dyslipidemia 2 (40%) 6 (26.1%) 0.606
 Coronary artery disease 1 (20%) 7 (30.4%) >0.99
 Atrial fibrillation 0 (0.0%) 10 (43.5%) 0.128
 Previous ischemic stroke 2 (40%) 5 (21.7%) 0.574
 Previous hemorrhagic stroke 0 (0.0%) 1 (4.4%) >0.99
 Oral anticoagulation 0 (0.0%) 4 (17.4%) 0.568
Admission status
 GCS score 13 (6–15) 5 (3–10) 0.037
 NIHSS score 7 (3–11) 15 (13–38) 0.041
 ICH score 1 (1–1) 2 (2–3) 0.089
Imaging characteristics
 Initial ICH vol, ml 23.5 (20.5–32.0) 44.0 (37.0–50.0) 0.002
 Intraventricular hemorrhage 4 (80.0%) 19 (82.6%) >0.99
In-hospital measures & complications
 Duration of ventilation, days 3.0 (2.0–17.5) 16.0 (10.0–22.0) 0.107
 Duration of EVD, days 10.0 (6.0–22.5) 11.0 (7.8–13.0) 0.786
 Osmotherapy 3 (60.0%) 14 (60.9%) >0.99
 Ventriculitis 0 (0.0%) 1 (4.4%) >0.99
 Intraventricular fibrinolysis 2 (40.0%) 12 (52.2%) >0.99
 Length of stay, days 23.0 (14.5–32.0) 16.0 (14.0–25.0) 0.483

Boldface type indicates statistical significance at p < 0.05. Values are expressed as the number of patients (%) or as the median (IQR; 25th–75th percentile). An mRS 
score of 0–3 denotes a favorable outcome; an mRS score of 4–6 denotes an unfavorable outcome.
* One patient in the ICH group was lost to follow-up and therefore was excluded from outcome-related analysis.
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FIG. 2. Graphs showing amount of CD133-positive membrane particles 
in patients with SAH. The dashed line illustrates the amount of CD133 
particles in a healthy cohort. Upper: The graph depicts the overall 
course of CD133-positive membrane particles for all patients (solid line) 
as revealed by CD133 immunoreactivity (for quantification see Methods 
section) at day 0–2 (n = 18, circle); day 3–4 (n = 17, square); day 5–7 (n 
= 16, up-pointing triangle); and day 8–10 (n = 13, down-pointing triangle) 
by comparison to healthy patients. The amount of CD133 was signifi-
cantly lower on day 3–4 (p = 0.033) and day 8–10 (p = 0.004) compared 
to the first measurement. No significant difference (n.s.) was found on 
day 5–7 (p = 0.064). Lower: Graph showing findings stratified by favor-
able (mRS scores 0–2) and unfavorable (mRS scores 3–6) outcome 3 
months after admission to the hospital. Analysis revealed a significantly 
elevated amount of CD133 particles in patients with unfavorable out-
come on day 5–7. Day 0–2: p = 0.797; day 3–4: p = 0.397; day 5–7: p = 
0.032; day 8–10: p = 0.257. # = not significant after Holm’s Bonferroni 
correction.

FIG. 3. Amount of CD133-positive membrane particles in patients with 
ICH. The dashed line illustrates the amount of CD133 particles in a 
healthy cohort. Upper: The graph presents the amount of CD133-posi-
tive membrane particles for all patients (solid line) as revealed by CD133 
immunoreactivity (for quantification see Methods section) at day 0–2 
(n = 29, circle); day 3–4 (n = 26, square); day 5–7 (n = 24, up-pointing 
triangle); and day 8–10 (n = 21, down-pointing triangle) by comparison 
to healthy patients. The amount of CD133 was significantly lower on day 
3–4 (p < 0.001), day 5–7 (p = 0.002), and day 8–10 (p < 0.001) com-
pared to the first measurement. Lower: Graph showing findings strati-
fied by favorable (mRS scores 0–3) and unfavorable (mRS scores 4–6) 
outcome 3 months after admission to the hospital. No significant differ-
ence is observed between the groups. Day 0–2: p = 0.549; day 3–4: p = 
0.442; day 5–7: p = 0.365; day 8–10: p = 0.661.
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ing to CD133-positive membrane particles in the CSF, it 
cannot be ruled out. Cellular damage in patients with SAH 
and ICH may explain the excess of membrane particles in 
the CSF.

CD133 is found in myelin,11 and initial damage or sec-
ondary remodeling processes of myelin sheaths might 
contribute to the levels of CD133 in CSF.11,30 A recent 
report has suggested that CD133 plays a role in myelina-
tion.8 Moreover, an increased amount of CD133-positive 
membrane particles have been found in patients with neu-
rodegenerative diseases as well as multiple sclerosis.5 Cy-
tokines trigger a cascade of inflammatory processes, lead-
ing to destruction of myelin, axons, and oligodendrocytes. 
Subsequently, trophic factors initiate a modulation of the 
blood-brain barrier and the extracellular matrix.14,26,31 Both 
processes may release CD133-positive membrane particles 
into the CSF and might explain increased levels. The con-
nection between inflammation and increased CD133 has 
been proposed in solid cancer.22,34 Future studies need to 
evaluate both processes—inflammation and subsequent 
gliogenesis—and its contribution to the elevated CD133 
levels in the CSF.

Our study has a number of shortcomings: 1) our re-
sults might be biased due to the semiquantitative method 
of immunoblotting and the lack of more robust methods 
such as enzyme-linked immunosorbent assay (ELISA); 
2) the number of patients is low—further studies need 
to verify our results in a larger cohort of patients; and 3) 
the full characterization of our membrane particles (e.g., 
ectosomes vs exosomes) is lacking. The immune isolation 
of CSF-associated CD133-positive membrane particles 
as recently performed for particles found in saliva, and 
the exhaustive analysis of their content (proteins, lipids, 
and/or nucleic acids) may reveal their precise origin, and 
highlights alternative and/or additional biomarkers. None-
theless, our study is the first to evaluate CD133-positive 
membrane particles in patients with SAH and ICH, and 
emphasizes the need for further analyses.

Conclusions
Compared to healthy individual controls, levels of 

membrane particle–associated CD133 in the CSF of pa-
tients with ICH are significantly increased, and decline 
during the hospital stay. Notably, patients with SAH who 
have a persistence of higher amounts of CD133 demon-
strate impaired outcome, indicating a possible surrogate of 
functional status.
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