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Abstract

Background The pathogenesis of vasospasm (VS) post
aneurysmal subarachnoid hemorrhage (SAH) is multifacto-
rial and not completely understood. The authors hypothesize
that circulating antiangiogenic factors play an important role
in brain injury post SAH and that elevated levels predict the
occurrence of symptomatic vasospasm.

Methods In this study the authors measured the serum and
cerebrospinal fluid (CSF) levels of soluble endoglin (sEng)
and soluble fins-like tyrosine kinase 1 (sFltl) in controls and
SAH patients within 48 h of the bleed. Patients were pro-
spectively followed and subcategorized into those with
(sVS) and without symptomatic vasospasm (no-sVS).
Results Compared to healthy controls, SAH patients had
higher CSF levels of sEng (0.037 vs. 0.251 ng/ml;
P = 0.02) and sFltl (0.068 vs. 0.679 ng/ml; P = 0.001).
In the subgroup analysis, sVS patients had higher CSF
levels of sEng and sFlt1 than no-sVS patients (sEng: 0.380
vs. 0.159 ng/ml, P = 0.02; sFltl: 1.277 vs. 0.343 ng/ml,
P = 0.01). The serum levels of sEng and sFltl were not
statistically different among the different groups.
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Conclusions Based on these results the authors conclude
that elevated CSF levels of sFItl and sEng herald the
occurrence of symptomatic VS post SAH.
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Introduction

Cerebral vasospasm (VS) is a frequently encountered
complication of subarachnoid hemorrhage (SAH) that is
associated with increased morbidity and mortality [1].
Different mechanisms have been proposed to be involved
in the pathogenesis of VS including synthesis of spasmo-
genic substances, endothelial dysfunction, oxidative stress,
inflammation, disturbance in the equilibrium of endoge-
nous vasoconstrictors (endothelin-1) and vasodilators (NO,
nitric oxide), and vascular denervation [2]. Vascular mit-
ogens, such as transforming growth factor (TGF)-f and
vascular endothelial growth factor (VEGF), have been
shown to increase in the cerebrospinal fluid (CSF) of
patients with SAH and it has been proposed that they
participate in cellular proliferation and vascular stiffening
[3, 4]. The increase in these vascular growth factors may
also be an adaptive response to vascular related brain injury
as both mediators have neuroprotective properties. Studies
performed in animal models showed that after cerebral
ischemia VEGF induces endothelial proliferation and
enhances neuronal survival and TGF-f reduces exitotoxitiy
and caspase-mediated apoptosis [5—8]. VEGF and TGF-f
are regulated by circulating antiangiogenic factors; soluble-
fms-like tyrosine kinase 1 (sFltl) neutralizes VEGF and
soluble endoglin (sEng) sequesters, and thus inhibits, TGF-
p [9, 10]. The role of sFltl and sEng in cerebrovascular



Neurocrit Care (2011) 15:416-420

417

disease has not been investigated; however, there is sub-
stantial evidence suggesting they may be detrimental as
they antagonize the beneficial effects of VEGF and TGF-f.
In addition, both antiangiogenic factors regulate the pro-
duction of NO, a pivotal mediator of VS in SAH [11-13].
In this study the authors measured serum and CSF levels of
sFltl and sEng in controls and SAH patients and investi-
gated whether they are associated with the occurrence of
symptomatic VS and outcome.

Methods

Subjects were recruited at the University of Illinois Medical
Center at Chicago. Institutional review board approval was
obtained prior to study initiation. Cases were eligible to
participate in this study if they were 18 years of age or older
and had non-traumatic aneurysmal SAH, aneurysm visual-
ized by either digital subtraction catheter angiography or
non-invasive cerebral angiography (either computed tomo-
graphic or magnetic resonance angiography), SAH Fisher
grade 3, and the presence of external ventricular drain. The
exclusion criteria were SAH due to causes other than a
ruptured saccular aneurysm, VS noted on the admission
angiography, pregnancy, previous neurological disability
(defined as preadmission modified Rankin Score >2), and
history of stroke, brain tumor, intracranial surgery, traumatic
brain injury, previously treated cerebral aneurysm, or other
vascular malformation. Controls were non-pregnant indi-
viduals >18 years of age with no previous neurological
disorders undergoing CSF drainage for evaluation of head-
ache or due to congenital hydrocephalus and shunt
malfunctioning, and with normal CSF studies, including
chemistry, cell count and differential, and cultures. Samples
of CSF and serum were obtained within 48 h of symptoms
onset, centrifuged at 270xg for 15 min at 5°C, and the
supernatant stored at —80°C. sEng and sFltl levels were
determined using commercially available ELISA tests
(R&D systems). CSF sEng and sFlt1 indices were calculated
as (sEng or sFltlcgg X proteinge.,m)/(SEng or sFltl gy, X
proteincsr). SAH subjects were prospectively followed
through their hospitalization and subcategorized into those
with symptomatic vasospasm (sVS) and without symptom-
atic VS (no-sVS). Vasospasm was defined as >30% arterial
narrowing on DSA not attributable to atherosclerosis, cath-
eter-induced spasm, or vessel hypoplasia, as determined by
an independent neuroradiologist. Symptomatic VS was
defined as development of new focal neurological signs,
deterioration in level of consciousness, or both, when the
cause was felt to be ischemia attributable to VS after other
possible causes of worsening have been excluded, or the
appearance of new infarction on CT or MR when the cause
was felt to be attributable to VS. Outcome at discharge was

assessed by using the modified Ranking scale (mRS). SAH
patients were dichotomized into those with good outcome
(mRS < 3) and bad outcome as (mRS > 4). Differences
between groups were studied using Student’s #-test for con-
tinuous variables or y” test for categorical variables. The
sEng and sFltl levels in different groups were compared
using the nonparametric Mann—Whitney U test. The CSF
levels of sEng and sFltl in SAH patients were divided into
quartiles (Q) and the rate of sVS calculated for each of them.

Results

Between March 2010 and December 2010, 19 SAH sub-
jects and 6 controls were recruited into this study. Five
control cases (83%) underwent lumbar puncture for eval-
uation of headache of sudden onset and only one of them
had history of migraine headaches. The sixth control case
was an individual with congenital communicating hydro-
cephalus who underwent lumbar drainage placement due to
ventriculoperitoneal shunt malfunctioning. Compared to
SAH subjects, controls were more likely to be younger and
male, and equally likely to be hypertensive (Table 1).
Within the SAH group, the mean time to obtain the CSF
and serum samples was (36 £ 11) h. Angiographic evi-
dence of VS occurred in 11 (58%) SAH patients and six of
these were symptomatic (sVS). Compared to sVS, patients
who did not develop symptomatic VS (no-sVS) had a
higher GCS at presentation (11.3 £ 3.6 vs. 7.1 & 3.5).
The serum levels of sEng and sFltl in the control group
were approximately 100-fold and 10-fold higher than in the
CSF, respectively (Table 2). Compared to controls, SAH
patients had similar serum levels and approximately 7-fold
increase in the CSF levels of sEng and sFltl (Table 2). The
sEng and sFItl CSF indices were > 1 suggesting that these
mediators are, at least in part, intrathecally synthesized.
Within the SAH group, the CSF levels of sEng were 2.5-
times higher in patient with sVS than in those with no-sVS.
Similarly, the CSF levels of sFtll were 3.7-times higher in
the sVS group compared to no-sVS group. The rate of sVS
according to sEng and sFltl quartiles, as measured in the
CSF, is shown in Fig. 1. Patients were also dichotomized
based on the mRS into those with good (mRS < 3) and bad
(mRS > 4) outcome. Patients with poor outcome had
higher levels of sEng in the CSF (P = 0.018) and a trend
toward having higher levels of sFItl (Fig. 2); this, how-
ever, did not reach statistical significance (P > 0.05).

Discussion

The results show that an early elevation of sEng and sFltl
occurs in the CSF of SAH patients, particularly in those
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Table 1 Population characteristics

Control (n = 6) SAH
All (n = 17) no-sVS (n = 11) sVS (n = 6)
Age (years)” 364 £ 14.6 52.8 £ 109 54.6 £ 14.1 504 £5.1
Male (%) 67 25 10 50
History of hypertension (%) 33 31 30 33
GCs* ® 9.5+ 4.0 11.3 £3.6 7.1 £35
Aneurysm location® 43 8 2.5
Treatment* 0.9 1.2 0.5
* Mean £+ SD
° Glasgow coma scale at admission
¢ Anterior versus posterior circulation (ratio)
4 Clipping versus coiling (ratio)
Table 2 sEng and sFltl levels in controls and SAH subjects
Control SAH
ALL no-sVsS sVS

sEng (ng/ml)

Serum 4.302 &+ 1.043 3.247 £ 1.448 (P = 0.14)* 3.17 £ 1.20 3.40 £ 1.97 (0.95)**

CSF 0.037 £ 0.011 0.251 £ 0.212 (P = 0.02)* 0.156 £ 0.092 0.380 & 0.201 (0.02)%**

CSF index 3.06 £ 0.88
sFltl (ng/ml)

Serum 0.508 £ 0.191 1.094 £ 0.890 (P = 0.459) 0.853 £ 0.785 1.530 £ 1.328 (0.46)**

CSF 0.068 £ 0.045 0.679 £ 0.551 (P = 0.001) 0.343 £ 0.183 1.277 £ 0.812 (0.01)**

CSF index 4.06 + 1.78

* P values calculated in relationship to control group

** P values calculated in relationship to no-sVS group
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Fig. 1 Rate of sVS per quartile of sEng and sFltl as measured in the
CSF

who will develop sVS in the subsequent days, and that the
rate of occurrence of this complication is directly related to
the levels of these antiangiogenic factors. Although there
are no reliable reference values for sEng and sFltl in
healthy individuals or stroke patients, the serum levels
obtained in this study for both antiangiogenic factors were

@ Springer

within the limits of what has been previously reported by
others [14—17]. The systemic concentration of both medi-
ators is significantly higher than in CSF; therefore, the
increased levels of sEng and sFltl in this compartment
is likely to be related, at least in part, to the blood
extravasated into the subarachnoid space. However, the
significantly elevated CSF indices observed in this study
suggest that a fraction of these antiangiogenic factors is
produced intrathecally.

The role of antiangiogenic factors in the occurrence of
VS has not been investigated but there is substantial indi-
rect evidence suggesting that sFtll and sEng may
participate in the pathogenesis of brain injury after stroke,
particularly in SAH. VEGF signals mainly through two
tyrosine-kinase receptors: VEGF-R1 and VEGF-R2 [10].
During cerebral ischemia there is an upregulation of VEGF
leading to AKT and ERK 1/2-mediated endothelial prolif-
eration and neuronal survival [5]. In addition, VEGF-
receptor type 2 regulates endothelial NO synthase which is
a key enzyme in the pathogenesis of VS after SAH [18].
The production of TGF-f also increases during ischemia



Neurocrit Care (2011) 15:416-420

419

1.4

[J Good Outcome
1.2 1 M Bad Outcome

08 7 P=0.018

0.6

CSF level (ng/mL)

0.4 1

0.2 |

sEng sFIt1

Fig. 2 CSF levels of sEng and sFlt1 in patients with good (mRS < 3)
and bad outcome (mRS > 4)

and it has been proposed that this represents an adaptive
response against brain injury as TGF-f has neuroprotective
properties [19]. In vitro studies performed in ischemic
conditions showed that TGF-f1 and TGF-f3 protect neu-
rons against NMDA-mediated excitotoxicity and caspase-
mediated apoptosis, and intranasal delivery of TGF-f1 in a
mouse model of cerebral ischemia improved cell survival,
neurogenesis, and outcome [6, 7, 20].

After SAH there is an elevation in the CSF levels of
VEGF and TGF-f [4, 21]. It’s been hypothesized that
VEGEF is deleterious for the brain as it induces vascular
remodeling and persistent wall stiffening [3]. Alternatively,
it has been proposed that VEGF is neuroprotective against
cerebrovascular injury as it induces vascular sprouting and
angiogenesis, increases brain plasticity, and enhances vas-
cular relaxation probably by boosting endothelial NO levels
[22-24]. TGF-f in the CSF originates from the extravasated
blood and from the choroids plexus. TGF-f is a vasodilator
that has been shown to stimulate endothelial NO synthase,
to inhibit the deleterious inducible NO synthase, and to
impair ET-1-mediated blood vessel contraction [21, 25, 26].
VEGF and TGF-f are regulated by endogenous antian-
giogenic factors. During hypoxia VEGF-R1 undergoes
proteolytic cleavage and its extracellular portion (called
sFltl) is released to the circulation [27]. By binding to
VEGF, sFltl decreases the bioavailability of this vascular
factor and inhibits VEGF-mediated angiogenesis and NO-
mediated vasorelaxation [10, 28]. In addition, under path-
ological conditions a soluble form the TGF-f co-receptor
endoglin (a.k.a. sEng) is formed; sEng is an antiangiogenic
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Fig. 3 Possible role of sEng and sFltl in the pathogenesis of
vasospasm and outcome after SAH (see text)

factor that interferes TGF-f signaling [9]. The role of sFltl
and sEng in vascular disease has been recently highlighted
by studies showing that these two mediators interfere with
VEGF and TGF-f in placental endothelial cells and atten-
uate endothelial NO synthase activation [28, 29].

The evidence aforementioned suggests that sEng and
sFlIt1 participate in the pathogenesis of brain injury post
stroke, and particularly SAH, as they sequester the TGF-f
and VEGF from the circulation. Based on this information
and the results obtained in this study, it was proposed a
novel pathogenic mechanism for VS and poor outcome
after SAH. The authors hypothesize that the rapid increase
in intracranial pressure (ICP) and the consequent global
hypoperfusion and hypoxia that occurs after SAH induces
an early surge in the production of sEng and sFltl. By
decreasing the bioavailability of TGF-§ and VEGF, these
two antiangiogenic factors impair NO homeostasis and
cause neuronal and endothelial cell death leading ulti-
mately to vasospasm and poor outcome (Fig. 3).

This study is a pilot project and, therefore, the main
limitation is the small sample. The distribution of the
clinical characteristics of the cohort studied, however, is
representative of what has been historically described to
occur in SAH patients [30, 31]. The results are highly
encouraging as they suggest novel mechanisms that may
participate in the occurrence of VS post SAH. As elevations
of sEng and sFlt1 occur early in the disease and prior to the
occurrence of sVS, both mediators have the potential to be
used as biomarkers of this complication and as targets of
novel therapeutic treatments. In the next phase the authors
will attempt to validate the observations in a larger sample.
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