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Abstract
Primary brain tumors are associated with an increased risk of pulmonary embolism (PE), particularly in the early post-
operative period. The pathophysiological mechanisms of PE are poorly understood. This study aims to describe prospectively 
extracellular vesicles (EVs) levels and investigate whether or not their variations allow to identify patients at increased risk 
of post-operative PE. Consecutive meningioma or glioma patients candidate to tumor resection were included in the study 
if a pulmonary perfusion scan (Q-scan) performed before surgery ruled out PE. EVs derived from platelets  (CD41+) or 
endothelial cells  (CD144+), tissue factor-bearing EVs  (CD142+) and their procoagulant subtype (annexin  V+) were analyzed 
by flow cytometry before surgery (T0), within 24 h (T1), two (T2) and seven days (T7) after surgery. Q-scan was repeated at 
T2. Ninety-three patients with meningioma, 59 with glioma and 76 healthy controls were included in the study.  CD142+ and 
annexin  V+/CD142+ EVs were increased at T0 in meningioma and glioma patients compared to healthy controls. Twenty-
nine meningioma (32%) and 16 glioma patients (27%) developed PE at T2. EVs levels were similar in meningioma patients 
with or without PE, whereas annexin  V+ and annexin  V+/CD142+ EVs were significantly higher at T1 and T2 in glioma 
patients with PE than in those without. Procoagulant EVs, particularly annexin  V+/CD142+, increase after surgery and are 
more prevalent in glioma patients who developed PE after surgery than in those who did not.
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Highlights

• Patients with brain tumors have an increased risk of post-
surgery pulmonary embolism.

• Patients undergoing meningioma or glioma resection 
were included in this single-hospital study.

• Extracellular vescicles levels increased after surgery in 
glioma patients.
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• Further investigations are needed to elucidate the prog-
nostic role of extracellular vescicles.

Introduction

Venous thromboembolism affects 1–2% of the general 
population [1] and approximately 10% of patients with 
cancer [2]. Risk factors for cancer-associated venous 
thromboembolism include tumor type, surgery, chemother-
apy and the use of central venous catheters [3–5]. Patients 
with brain tumors have an increased risk of venous throm-
boembolism, up to 30%, during the post-operative period 
[6–12]. The molecular and cellular bases of this strong 
association are poorly understood. Brain tumors promote a 
hypercoagulable state increasing the production and secre-
tion of the hemostatic proteins with a concomitant altered 
fibrinolytic function [13, 14]. Moreover, alterations of the 
vascular architecture observed in tumor progression cause 
endothelial downregulation of the anticoagulant protein 
thrombomodulin and the upregulation of tissue factor (TF) 
[15]. These changes shift the haemostatic balance to a pro-
coagulant phenotype. The transmembrane protein TF is 
not only the primary activator of the extrinsic coagulation 
cascade, but also promotes tumor growth, angiogenesis 
and metastasis [16, 17]. It is highly expressed in normal 
brain tissue [18, 19], which represents the largest reposi-
tory of TF in the body. Surgical injuries in the peculiar 
brain vascular architecture exposes TF in plasma, initiat-
ing coagulation [20]. In addition to its expression in the 
vessel wall, TF is associated with cell-derived vesicles 
named extracellular vesicles (EVs) [21–23]. EVs are 
vesicles of 0.1–1 µm shed from the cell membranes in 
response to specific stimuli or apoptosis-inducing cell 
signaling that may lead to a variety of processes includ-
ing thrombosis, inflammation and vascular dysfunction. 
[24–27] EVs circulate in the blood of normal individuals 
and are qualitatively and quantitatively altered in many 
diseases [28]. The increased number of TF-bearing EVs 
in cancer patients has been correlated with the risk of VTE 
in various settings [29, 30]. Primary brain tumors are an 
interesting model of investigation because they are asso-
ciated with a high incidence of post-operative pulmonary 
embolism (PE) [31], but also to an increased risk of intrac-
ranial bleeding [32]. Hence, the identification of patients 
at high risk of post-operative PE is of pivotal importance 
to tailor antithrombotic prophylaxis.

With the aim to describe EVs across patients with pri-
mary brain tumors and to investigate whether EVs were able 
to identify patients at high risk of post-operative PE after 
resection of brain tumors we conducted a single center pro-
spective study in patients with meningioma or glioma.

Methods

Patients

Consecutive adult patients candidate to surgical resection 
of a primary brain tumor (newly diagnosed or relapsed) 
from February 2012 to July 2016 at the hospital pre-
admission visit were eligible for this prospective study. 
Inclusion criteria were age > 18 years, patients with men-
ingioma or glioma candidate to surgical resection, avail-
ability of a negative pulmonary perfusion scan (Q-scan) 
within 20 days before surgery. Patients with a positive 
pulmonary Q-scan before surgery or without a post-oper-
ative Q-scan were excluded from the study. Demographic 
data and a detailed medical history were collected by a 
trained physician through a standardized questionnaire. 
Tumor location was classified as skull base or convexity-
falx for meningioma and as superficial or deep-seated for 
glioma. The final diagnosis of tumor type was made on 
tumor histology on post-operative specimens. WHO grade 
was adjudicated by an expert pathologist. A second Q-scan 
was performed 2 days (T2) after surgical tumor resection. 
A positive Q-scan led to diagnosis of lobar, segmental or 
sub segmental PE. As standard of care, patients did not 
receive antithrombotic pharmacological prophylaxis in the 
first 48 h after surgery, but all of them received mechanical 
antithrombotic prophylaxis with compression stockings.

A population of healthy controls was selected to com-
pare laboratory parameters. They were partners or friends 
of patients referred to the Thrombosis Center in the same 
period of the study for a thrombophilia work-up, with 
no personal history of thrombosis and without an overt 
cancer.

All patients and controls gave informed consent to par-
ticipate to the study which was approved by the Hospital 
Ethical Committee (Milano Area 2, approval number n 
253/12).

Blood sampling, EVs preparation and labelling

Blood samples were obtained before surgery (T0), within 
24 h (T1), 2 days (T2) and 7 days (T7) after surgery in 
patients with meningioma and glioma, and only once in 
healthy controls. Venous blood was drawn with a 21 gauge 
needle into 0.109 M sodium citrate vacutainer tubes (BD 
Biosciences, San Jose, USA) and processed within 2 h.

Platelet free plasma was prepared by double centrifuga-
tion (2 × 15 min at 2500 g) at room temperature, as recom-
mended [33, 34]. Aliquots of plasma were immediately 
frozen and stored at -80 °C until use. Samples were ana-
lyzed after thawing at 37 °C. For each analysis 25 µl of 
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freshly thawed platelet free plasma were incubated with a 
cocktail of properly titrated conjugated monoclonal anti-
bodies, comprising: anti-annexin V (Beckman Coulter, 
Miami, Fl, USA) which binds phosphatidylserine, anti-
CD41-FITC as platelet marker, anti-CD142-PE as TF 
expressing EVs marker and anti-CD144-PerCp-Cy5.5 as 
endothelial marker. All monoclonal antibodies were from 
BD Biosciences. Samples were incubated for 30 min at 
room temperature in the dark in Hepes buffer (10 mM 
Hepes, 140 mM NaCl, 4.5 KC, pH 7.4) in the presence of 
15 mM  CaCl2 and the reaction was stopped with 500 µl 
of annexin V binding buffer. To prevent coagulation, the 
calcium-rich buffer contained hirudin (Stago) at a final 
concentration of 1 AUT/ml in the detection reaction. All 
the solutions were filtered with a 0.22 µm strainer to limit 
background noise. Flow-Count fluorospheres (Beckman 
Coulter) were added to each sample to express EVs counts 
as absolute numbers.

Flow cytometric analysis

Since the polystyrene beads has a higher refractive index 
than lipid microvescicles of comparable size, a mix of FITC-
fluorescent beads of 0.15, 0.2, 0.24 and 0.5 µm in diameter 
(Megamix-Plus SSC beads; BioCytex, Marseille, France), 
covering the major part of the theoretical EVs size range 
(0.1 to 1 µm), were used to set the threshold in order to 
determine the SSC vs FSC EVs [35]. Isotype controls were 
used to determine non-specific binding and autofluorescence 
within each sample as indicated in the supplemental materi-
als (Figure S1). The following EVs populations were identi-
fied: annexin V + EVs expressing phosphatidylserine ( V +), 
CD142 + EVs expressing TF  (CD142+), CD41 + platelet-
derived EVs (EVs  CD41+) and CD144 + endothelial cell-
derived EVs (EVs  CD144+). The co-expression of phos-
phatidylserine with the others surface markers allows to 
further distinguish some subpopulations of EVs procoagu-
lant compartment: procoagulant-platelet-EVs:  V+/CD41+; 
procoagulant TF-bearing EVs:  V+/CD142+) and proco-
agulant endothelial EVs:  V+/CD144+). The gating strategy 
is shown in the supplemental materials (Figure S1). EVs 
counts were expressed as absolute numbers (n/μl) and per-
centages (%). Flow-cytometry acquisition was performed at 
low flow rate and events were recorded after 10 s from the 
beginning of the acquisition, to allow sheath flux stabili-
zation. Both acquisition and analysis were performed on a 
FACSCanto II flow cytometer equipped by FACSDiva soft-
ware version 6.2 (BD Biosciences).

Statistical analysis

Means and standard deviations or medians and inter-quartile 
ranges were used to describe continuous variables. Counts 

and percentages were used for categorical variables. Patients 
with PE were compared to those without in meningioma 
and glioma patients. The Q-scans at T2 that did not allow 
certain diagnosis of PE were considered negative in the main 
analysis. Non-parametric Mann–Whitney U test was used to 
compare means between groups for non-normally distributed 
data and paired sample t-test was used to determine differ-
ences between repeated measures (T0, T1, T2, T7). Cut-off 
values for high levels of EVs were set arbitrarily at the  75th 
percentile of EVs distribution values among patients without 
PE. All analyses were performed with the statistical software 
SPSS (release 25.0, IBM SPSS Statistics for Windows, IBM 
Corp., Armonk, NY, USA).

Results

One hundred and seventy-two patients were screened for 
the study and 152 patients met the inclusion criteria. Five 
patients missed the pre-operative Q-scan, 2 patients missed 
the post-operative Q-scan and in one patient surgery was 
not performed. Twelve patients (7.9%) were excluded for a 
positive Q-scan at baseline. Hence, 93 patients with menin-
gioma (of whom 12 relapsed patients) and 59 with glioma 
(all newly diagnosed) were finally evaluated. Table 1 shows 
the general characteristics of the two groups of patients. The 
vast majority of meningioma patients had WHO grade 1 
histology, 73% located at the convexity and 27% at the skull 
base. More than half of glioma patients had WHO grade 4, 
64% deep seated and 36% superficial (located at less than 
1 cm from the surface of the cortex). Radical resection was 
achieved in 96% of patients.

Q-scan was positive at T2 in 29 meningioma patients 
(31%) and in 16 glioma patients (27%). All PE were asymp-
tomatic, 26 segmental and 19 subsegmental, 26 (58%) mul-
tiple. Meningioma patients with PE were younger, whereas 
glioma patients were older than those without, and no differ-
ence in terms of sex, body mass index, hemoglobin, platelet 
count, white blood cell count and histology was observed 
(Table 2). Among 16 glioma patients with PE, 15 (94%) 
had WHO grade 4 and the remaining one had WHO grade 
3 histology.

Three patients (3%) with meningioma and 5 (8%) with 
glioma had bleeding complications after tumor resection, 
all requiring surgical attention.

Seventy-six healthy controls were evaluated to establish 
the EVs reference values. In both meningioma and glioma 
patients at T0 numbers of  CD142+ and  V+/CD142+ were 
higher (p-value < 0.01) while CD144 + and  V+/CD144+ 
were lower than in healthy controls (p value < 0.01), the 
mean values of meningioma, glioma and healthy controls 
for each EVs population are shown in Table 3. No differ-
ence was observed between meningioma and glioma EVs 
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Table 1  Characteristics of the 
study population at baseline

BMI Body Mass Index, WHO World Health Organization

Meningioma patients Glioma patients

N° 93 59
Age at surgery, median (range) (years) 61 (49–71) 60 (49–68)
Sex, n (%)
Male 28 (30) 33 (56)
Female 65 (70) 26 (44)
BMI, median (range) (kg/m2) 25 (21–30) 25 (22–28)
Laboratory values
 Hemoglobin, median (range) (g/dl) 12.7 (11.1–13.9) 13.6 (12.5–14.7)
 Platelets, median (range) (n° ×  103/µl) 225 (171–284) 228 (197–247)
 White blood cells, median (range) (n°/µl) 6050 (4550–8085) 9740 (6520–12,600)

Tumor characteristics
 WHO Grade, n (%)
  Grade 1 76 (89.4) -
  Grade 2 8 (9.4) 9 (15.5)
  Grade 3 1 (1.2) 11 (19)
  Grade 4 - 38 (65.5)

 Location, n (%)
  Skull-base 25 (26.9) -
  Convexity-falx 68 (73.1) -
  Superficial - 21 (35.6)
  Deep-seated - 38 (64.4)

Table 2  Baseline characteristics of the study population with or without pulmonary embolism

PE pulmonary embolism, BMI Body Mass Index, WHO World Health Organization

Meningioma patients Glioma patients

Without PE
n = 64

With PE
n = 29

Without PE
n = 43

With PE
n = 16

Age at surgery, years, median (range) 64 (49–71) 56 (50–71) 58 (48–68) 64 (58–71)
Sex, n (%)
 Male 20 (31) 8 (28) 23 (54) 10 (63)
 Female 44 (69) 21 (72) 20 (46) 6 (37)
 BMI, median (range) 25.8 (22.0–29.7) 22.3 (21.0–29.1) 24.8 (21.7–28.1) 24.9 (23.3–27.5)

Laboratory values
 Hemoglobin, g/dl (range) 12.7 (11.1–13.8) 12.7 (10.8–14.1) 13.7 (12.5–14.7) 13.4 (12.2–14.9)
 Platelets, n° × 10^3/ul (range) 216 (168–262) 260 (194–306) 228 (183–247) 230 (207–251)
 White blood cells, n°/ul (range) 6.02 (4.63–7.35) 6.40 (4.39–10.68) 8.84 (6.14–12.51) 10.64 (9.06–12.95)

Tumor characteristics
 WHO Grade, n (%)
  Grade 1 53 (89.8) 23 (88.5) - -
  Grade 2 5 (8.5) 3 (11.5) 9 (21.4) -
  Grade 3 1 (1.7) - 10 (23.8) 1 (6.3)
  Grade 4 - - 23 (54.8) 15 (93.8)

 Location, n (%)
  Skull-base 15 (23.4) 10 (34.5) - -
  Convexity-falx 49 (76.6) 19 (65.5) - -
  Superficial - - 17 (39.5) 4 (25)
  Deep-seated - - 26 (60.5) 12 (75)
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levels at baseline. When EVs levels of patients with or 
without PE were compared, there was no differences in 
meningioma patients but glioma patients with PE showed 
increased levels of  V+ at T1 (p = 0.027) and  CD142+ at T2 
(p = 0.015) and T7 (p = 0.05) (Fig. 1). The representative 
plots of flow cytometry in glioma patients are shown in 
the supplemental Figure S2. Considering mean values of 
the percentage of co-stained EVs, representing the pro-
coagulant subset, on the total EVs of the same subtype 
(EVs%) among patients with or without PE, we found no 
differences in meningioma patients, but at T1 in glioma 
patients (52% vs 34%, p = 0.037). The prevalence of high 
levels of EVs was similar among meningioma patients 
with or without PE. At T0 the prevalence of high levels of 
 CD142+,  V+/CD142+ and  V+/CD144+ was higher (46% 
vs 25%) in patients with PE than in those without. These 
subsets of EVs showed a further increased prevalence at 
T1. The prevalence of high levels of EVs in patients with 
PE decreased at T2 for all EVs subsets, except for  V+ and 
 CD142+. The sensitivity of high levels of EVs to detect 
PE also in glioma patients remained low, and the best 

positive predictive value was 40% for high levels of V + /
CD142 + EVs at T1.

Discussion

PE after neurosurgery is a frightening complication because 
of the bleeding risk associated with anticoagulant treatment, 
even at prophylactic doses [32]. This study was aimed to 
describe different subtypes EVs in a population of patients 
with primary brain tumor and to detect a possible promis-
ing biomarker that may help clinicians to identify patients 
at increased risk of post-operative PE. We confirm our[31] 
and others[36] previous observations that surgery for men-
ingioma or glioma is an important risk factor for PE, that 
occurs in one third of patients in the early post-operative 
period. We observed that the higher the grade of glioma, 
the higher the probability to develop PE, with all but one 
event occurred in WHO grade IV tumors. The prospec-
tive design and the exclusion of patients with a positive 
Q-scan before surgery, make us confident that PE events 

Table 3  Comparison of EVs 
values at baseline (T0) among 
cases (meningioma or glioma) 
and healthy controls

SD, standard deviation; IQR, inter quartile range; EVs, extracellular vesicles; V + , total procoagulant EVs 
expressing phosphatidylserine; CD41 + , platelet derived EVs; CD142 + , EVs expressing tissue factor; 
CD144 + , endothelial cell derived EVs; V + /CD41 + , procoagulant platelet derived EVs; V + /CD142 + , 
procoagulant EVs expressing tissue factor; V + /CD144 + , procoagulant endothelial cell derived EVs. The 
null hypothesis that it is equally likely that a randomly selected value from one population (meningioma 
and glioma respectively) will be less than or greater than a randomly selected value from a second popula-
tion (healthy controls) was tested with the Mann–Whitney U nonparametric test

EVs at baseline Controls
EVs/μl

Meningioma
EVs/μl

Glioma
EVs/μl

V + 
 Mean ± SD (IQR) 380 ± 560 (155–354) 403 ± 420 (131–521) 285 ± 177 (159–366)
 p-value ,547 ,701

CD41 + 
 Mean ± SD (IQR) 380 ± 557(133–380) 376 ± 417 (118–519) 281 ± 209 (117–415)
 p-value ,854 ,922

CD142 + 
 Mean ± SD (IQR) 133 ± 104 (75–160) 205 ± 155 (106–245) 203 ± 122 (115–250)
 p-value ,000 ,000

CD144 + 
 Mean ± SD (IQR) 154 ± 144 (55–209) 79 ± 81 (28–109) 99 ± 139 (29–89)
 p-value ,000 ,000

V + /CD41 + 
 Mean ± SD (IQR) 272 ± 492 (68–228) 244 ± 338 (45–293) 138 ± 137 (39–194)
 p-value ,668 ,079

V + /CD142 + 
 Mean ± SD (IQR) 28 ± 75 (8–26) 74 ± 101 (21–81) 42 ± 35 (18–50)
 p-value ,000 ,000

V + /CD144 + 
 Mean ± SD (IQR) 9 ± 13 (2–12) 4 ± 6 (1–5) 4 ± 5 (1–6)
 p-value ,000 ,000
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were surgery-related. Patients with both meningioma and 
glioma had higher baseline circulating  V+/CD142+ than 
healthy individuals. Among patients who developed PE after 
tumor resection, high levels of EVs were more prevalent in 
glioma than in meningioma patients. In the former, particu-
larly procoagulant EVs expressing phosphatidylserine and 
other surface markers as TF, one of the main blood coagula-
tion activators, are prevalent. Phosphatidylserine is one of 
the activator of TF that, interacting with FVII, initiates the 
extrinsic coagulation pathway [37]. Also procoagulant EVs 
derived from endothelial cells were increased before and 
after glioma resection. One may speculate that the vascular 
damage caused by tumor resection triggers the release of 
EVs from both the tumor and the vascular wall. However, 
our data support this hypothesis only for malignant tumors 
as gliomas.

Circulating EVs are increased in various diseases associ-
ated with thrombotic complications such as diabetes, inflam-
mation, vascular diseases and cancer [28]. High baseline 
levels of EVs in glioma patients have been associated with 
a fourfold increased risk of VTE in a 7-month follow-up 
period, with two thirds of events occurred in the first post-
operative week. However, the absence of a pre-operative 
objective investigation to rule out a pre-existing event makes 
these results uncertain [38]. Moreover, high baseline EVs 

levels have also been associated with early tumor recurrence 
and short survival in newly diagnosed glioma patients [37, 
39, 40].

Although strengths of our study are the prospective 
design, the large number of patients included and the 
requirement of a negative pre-operative Q-scan, some limi-
tations need to be discussed. First, we did not discriminate 
the origin of the TF-bearing EVs with cell of origin spe-
cific markers;  V+/CD142+ can originate from tumor cells, 
activated leucocytes or platelets. Second, the low refractive 
index of EVs and the inability to identify EVs smaller than 
500 nm on the adopted flow cytometer,caused difficulties in 
distinguishing them. This may have led to an underestima-
tion of  V+/CD142+ levels and a consequent low sensitiv-
ity of high levels of EVs to predict the risk of PE. Third, 
the short observational period did not allow us to assess 
the impact of EVs levels or post-operative PE on patients 
survival, as already demonstrated for such other vascular 
biomarkers as circulating endothelial cells [37]. Fourth, 
despite the incidence of PE was similar in glioma and men-
ingioma patients, in the latter we did not find an association 
between high EVs levels and the disease, and other biomark-
ers remain to be investigated. Whether the risk of PE is asso-
ciated with high EVs levels at least in malignant tumors 
remains to be confirmed, as well as the validity of EVs as a 

Fig. 1  Quantification of EVs by flow cytometry at different time points in glioma patients with or without PE. **p-value < 0.05
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predictive biomarkers of PE. We speculate that other mecha-
nisms, possibly non EVs-mediated could be involved, but the 
answer to this question is beyond the scope of the present 
work. Regarding the role of WBC-derived EVs it is of note 
that CD142 + EVs are mainly of WBC origin, and in glioma 
patients with PE are high.

In conclusion, high levels of EVs at the first post-opera-
tive day were more prevalent in glioma than in meningioma 
patients, particularly in those who developed PE.. Further 
investigations are needed to elucidate the prognostic role 
of EVs.
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