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-BACKGROUND: Although syphilis has become a rare disease in the Western
world since the Second World War, it is believed to have infected 12 million
people in 1999, with greater than 90% of cases occurring in the developing
world. Moreover, since the year 2000, the rates of syphilis have been increasing
in the United States, the United Kingdom, Australia, and Europe. Because of the
mimic nature of the disease and the overall low rate of occurrence of its
manifestations in advanced stages, a proper diagnosis may prove difficult.

-CASE REPORT: We report the case of a 41-year-old African man affected by
neurosyphilis that manifested itself through a meningovascular chronic in-
flammatory process, with the peculiar feature of a bilateral aneurysm of prob-
able mycotic origin involving the distal tract of A2 segment of both anterior
cerebral arteries.

-CONCLUSIONS: Because of the mostly nonspecific nature of clinical mani-
festations of syphilis (particularly advanced syphilis) and its consequent ten-
dency to masquerade as many other diseases, even a skilled physician may find
its diagnosis quite challenging; thus, thorough clinical and radiologic in-
vestigations should be supported by serologic testing for syphilis in all cases of
cognitive impairment. Mycotic intracranial aneurysms in association with
neurosyphilis rarely are reported; however, they require early diagnosis and
meticulous, individualized treatment. Because syphilis appears to be on the
raise, further studies on the topic are warranted.
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INTRODUCTION

Syphilis is a sexually transmitted disease
caused by Treponema pallidum, a bacterium of
the order of spirochetes, with human beings
as the only host. It has been esteemed that 12
million people have been infected with
syphilis in 1999, with more than 90% of the
cases registered in poor countries. Recently,
the drastic increase in the incidence of
syphilis worldwide, especially in urban
areas,1 led clinicians to heighten their degree
of suspicion, with special regard to the
presence of this infection within the human
immunodeficiency populations, intravenous
drugs users, and homosexuals.2-16

Although advanced syphilis is a classic
infective cause of aneurysmal disease,
abnormal dilation of brain vessels in the
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context of meningovascular syphilis rarely
is reported. If untreated for a long time,
syphilis can cause major damage to
important organs, such as the heart and
brain. New reports may be helpful in
diagnosing and managing neurosyphilis in
its delayed clinical manifestations.
CASE DESCRIPTION

A 41-year-old African man came under our
observation because of the worsening of an
initially undertreated headache, whose first
appearance was traced by the patient about
10 years ago. Clinical examination showed
the presence of mildly depressed mood,
intense headache, tinnitus, and pain, mainly
located at themiddle part of the left temporal
muscle and at the left temporomandibular
joint, with irradiation to the cervical
WORLD NEUROSURGERY, http://
ipsilateral region. Magnetic resonance im-
aging (MRI) andcomputed tomography (CT)
examinations (Figure 1AeB) highlighted the
presence of a cortical-subcortical left frontal
lesion, largely represented by edema, in as-
sociation with cortical calcifications and a
marked leptomeningeal enhancement.
This radiologicpicture led to thediagnostic

hypothesis of inflammatory-infectious/
granulomatous/immune-mediated lep-
tomeningeal process, probably a lep-
tomeningeal angiomatosis in the left frontal
region associated with edema, worthy of
further diagnostic insight because of its
ambiguous nature. A positron emission to-
mography scan was then performed, which
only showed a modest uptake of methionine
surrounding the aforesaid big edematous
interemisferic area. New MRI and magnetic
resonance angiography investigations not
dx.doi.org/10.1016/j.wneu.2015.10.085
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Figure 1. (A) T1-weighted coronal magnetic resonance imaging (MRI) (after contrast) and (B)
T2-weighted coronal MRI (without contrast) showing a left frontoparasagittal lesion surrounded by an
edematous interemispheric area. Both in the cortical and subcortical areas (arrow), a marked
hyperintensity on T2-weighted sequences can be appreciated (B). After contrast, it is possible to
notice marked leptomeningeal enhancement (arrow) in the left frontal and interemispheric regions (A).

CASE REPORT

DAVIDE BAGATTI ET AL. MANIFESTATION OF NEUROSYPHILIS
only confirmed the presence of the afore-
mentioned radiologic pattern but also
revealedamost striking feature: the presence
of 2 irregular aneurysms located in the distal
tract of A2 segment of both anterior cerebral
arteries (ACAs) (Figure 2AeB).
Laboratory tests also were performed:

blood serum sample tested positive for
Treponema pallidum hemagglutination
(TPHA; 1:80). The fluorescent treponemal
antibody absorption (FTA-ABS) test
showed a minimal degree of reactivity
(1þ), and total antitreponemal antibodies
(immune complexes ¼ 16) were detected;
antitreponemal immunoglobulin M (IgM)
Figure 2. Magnetic resonance angiography (MRA) (Pa
showing 2 aneurysms of distal A2 segment of both a
aneurysm is about 5 mm in diameter, whereas the le
mm in diameter and is located in the terminal part of
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was negative. Total protein levels in the
cerebrospinal fluid were high (66.8 mg/
dL). Then, the patient underwent new
serologic tests that confirmed the pres-
ence of total antitreponemal antibodies
(immune complexes ranging from 6.2 to
8.9). TPHA proved positive again (1:5120)
and the Venereal Disease Research Lab-
oratory test was weakly reactive.
The patient was finally proposed an

open biopsy of his left frontoparasagittal
lesion with a microsurgical technique, to
which he agreed. The postoperative course
was free from complications, and histo-
pathologic investigations of the bioptic
nel A) and MRA 3D reconstruction (Panel B)
nterior cerebral arteries. The right-sided
ft-sided aneurysm measures approximately 3
A2 hypoplastic ipsilateral segment.

2.e18, MARCH 2016 www.WO
specimen provided evidence of a mainly
meningovascular chronic inflammatory
process involving the central nervous sys-
tem (CNS), consistent with a diagnostic
hypothesis of neurosyphilis (Figure 3AeF).
At postoperative follow-up, a brain CT

scan and both a CT angiography and a new
MRI (Figure 4) were performed, which
showed a reduction of the edematous
area and confirmed the presence of 2
aneurysms, of probable mycotic origin
involving both ACAs. While awaiting the
results of new laboratory studies of
blood and cerebral spinal fluid (CSF),
we consulted an infectivologist, who
recommended oral antibiotic therapy with
amoxicillin, possibly followed by specific
antitreponemal therapy with intravenous
penicillin 20 million units per day for 2
weeks, depending on the outcome of the
microbiological investigations themselves.
CSF testing showed a cytometry of
approximately 0.3 L/mm3 and substantial
negativity of other parameters (TPHA, FTA-
ABS, antitreponemal IgM, and total anti-
bodies), apart from the high value ofproteins
(66 mg/dL). The patient’s blood serum
sample still tested positive for TPHA (1:2560)
and for FTA-ABS (2þ); total antitreponemal
antibodies (immune complexes¼ 4.6) were
detectedand antitreponemal IgMwere 0.4. A
serologic test for human immunodeficiency
virus was negative.
In light of these results, no evidence of

an actual activity of the disease in CSF was
pointed out. Thus, according to the
opinion of the infectivologist, there was no
indication to treatment with penicillin
intravenously; the patient took amoxicillin
orally instead, until his discharge, and
then assumed dexamethasone and rabe-
prazole. Currently, clinical follow up at 4
months after diagnosis does not show any
impairment: the patient is now stable and
doesn’t complain of any neurologic deficit.
MATERIALS AND METHODS

Histochemistry and Immunohistochemistry
Immunohistochemistry was performed on
Carnoy-fixed and paraffin-embedded bi-
opsy samples (4-mm thick) with the use of
the completely automated DAKO autos-
tainer plus instrument. The following an-
tibodies were applied: 1) Ki67 (mouse
monoclonal, clone MIB-1, working dilu-
tion 1:100); 2) CD68 (mouse monoclonal,
RLDNEUROSURGERY.org 662.E14
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Figure 4. T1-weighted coronal magnetic
resonance imaging (after contrast)
performed after biopsy, showing signs of
previous surgery, with left frontal
craniotomy and an underlying cavity (arrow).
In respect to the previous neuroimaging
investigations, the absence of frontal cortical
swelling is evidenced. After contrast, the
leptomeningeal enhancement persists,
extending along the frontal and
interemispheric areas.

Figure 3. Histochemical and immunohistochemical findings. Thickened fibrotic meninges with confluent areas of necrosis and
obliterated vessels surrounded by inflammatory infiltrate (A: hematoxylin and eosin [H&E] stain, original magnification 4�); marked
fibrous parietal thickening and significant luminal narrowing of affected vessels (B: Masson trichrome, 10�); distorted elastic fibers
within the arterial wall (C: Weigert stain, 10�); abundant perivascular macrophagic/histiocytic (D: stain against CD68 antibody, 10�);
lymphocytic inflammatory infiltrate (E: leucocyte common immunostaining, 10�); adjacent cortical laminar disorganization and reactive
gliosis (F: H&E, 10�).

662.E15 www.SCIENCEDIRECT.com
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clone PG-M1, working dilution 1:1000); 3)
glial fibrillary acidic protein (mouse
monoclonal, clone 6F2, working dilution
1:600); 4) leucocyte common antigen (mouse
monoclonal, clone 2B11þPD7/26, working
dilution 1:200); 5) CD20cy (mouse mono-
clonal, clone L26, working dilution 1:50);
6) CD45RO (mouse monoclonal, clone
UCHL1, working dilution 1:50); and 7)
CD138 (mouse monoclonal, clone MI15,
working dilution 1:100), all provided by
DAKOCytomation (Glostrup, Denmark).
RESULTS

The histologic specimen was represented by
nervous parenchyma (cerebral cortex and
subcortical white matter) with relative
meningeal tissue appearing markedly thick-
ened and fibrotic. The disease process
affected mainly the meninges, where there
was a marked fibrohistiocytic proliferation
cuffing vessel walls of medium and large
caliber arteries (Figure 3A; hematoxylin and
eosin stain). The affected vessels presented
perivascular infiltration of inflammatory
cells, mainly lymphocytes and prominent
WORLD NEUROSURGERY, http://
fibrous thickening of vascular wall
(Figure 3B; Masson trichrome stain) with
partial destruction of elastic fibers and with
vascular lumen occluded or significantly
reduced (Figure 3C; Weigert stain). There
were extensive and confluent areas of
necrosis in fibrous scarring within the
perivascular stromal compartment,
circumscribed by mixed inflammatory
infiltrate consisting mainly of histiocytes
(Figure 3D; anti-CD68 antibody stain), lym-
phocytes (Figure 3E; antileucocyte common
antibody stain), predominantly of T
phenotype (CD45RO positive), with
occasional B cells (CD20 positive) and
plasma cells. The proliferative activity,
evaluated by immunostaining for MIB-1,
was limited to the inflammatory cells and
stromal fibroblasts. The underlying cerebral
cortex presented slight distortion of laminar
cortical architecture with mild atrophy and
focal loss of neuronal cells with reactive
gliosis (Figure 3F; hematoxylin and eosin
stain), scarce chronic inflammatory
infiltrate, and focal calcified areas. In
summary, morphologic alterations were
consistent with chronic inflammatory
dx.doi.org/10.1016/j.wneu.2015.10.085

www.sciencedirect.com/science/journal/18788750
http://dx.doi.org/10.1016/j.wneu.2015.10.085


CASE REPORT

DAVIDE BAGATTI ET AL. MANIFESTATION OF NEUROSYPHILIS
process of predominantly meningovascular
involvement and were compatible with
serological data indicating neurosyphilis.
DISCUSSION

General Considerations and Diagnostic
Hypothesis
Treponema pallidum typically invades the CNS
in secondary and later stages of syphilis
infection. When spontaneous resolution
does not happen, an individual can develop
different symptomatic forms of syph-
ilis.16,17 Among these, syphilitic infection of
the nervous system may result in one of the
most insidious chronic meningeal inflam-
matory processes. Neurosyphilis can be
divided into 2 main categories, on the basis
of the extent of tissue involvement: 1) early
involvement of the CNS, limited to the
meninges and vessels; and 2) parenchymal
involvement of brain and spinal cord.
Because of the considerable variability

(with partial overlapping) of clinical mani-
festations, it is possible to identify the
following 6 groups7,18: 1) asymptomatic
syphilis, with reactive nontreponemal CSF
serology (Venereal Disease Research Labo-
ratory test) results; 2) acute syphilitic men-
ingitis, characterized by signs of meningeal
irritation and cranial neuropathies usually
involving cranial nerves VII, VIII, VI, and II; 3)
meningovascular (arteritic) syphilis (see
paragraph to follow); 4) tabes dorsalis, a
slowly progressive demyelination of poste-
rior columns of spinal cord; 5) general
paresis (of the insane), otherwise known as
dementia paralytica, a neuropsychiatric disor-
der based on the chronic meningoencepha-
litis that leads to cerebral atrophy7,19-21; and
6) optic atrophy, a relatively new phenome-
non that often includes anterior uveitis or
panuveitis (granulomatous or non-
granulomatous), retinitis, retinal vasculitis,
vitreitis, and papillitis.6,22,23

In particular, meningovascular syphilis
occurs, on average, 7 years after the initial
infection.24 The pathology consists of
endarteritis with perivascular inflammation
that can manifest as 2 different forms,
depending on the caliber of the vessels: 1)
the Heubner-type, involving medium-sized
vessels; and 2) the Nissl-Alzheimer type,
typically affecting small-caliber vessels, for
instance, the vasa vasorum of the CNS.
Vascular damage leads to fibroblastic pro-
liferation of the intima, thinning of the
WORLD NEUROSURGERY 87: 662.e13-66
media, and fibrous and inflammatory
abnormalities in the adventitia, with lym-
phocytic and plasma cell infiltration. Aneu-
rysmal dilation rarely is reported. Luminal
narrowing predisposes patients to cerebro-
vascular thrombosis, ischemia, vessel oc-
clusion, and infarction, which explains why
the most common presentation of menin-
govascular syphilis is a stroke syndrome in a
relatively young adult involving the middle
cerebral artery (most common) or the
branches of the basilar artery (second most
common). A subacute encephalitic pro-
drome is present, characterized by the
presence of headaches, vertigo, insomnia,
and psychological abnormalities (personal-
ity changes, emotional lability, insomnia,
decreased memory), followed by a gradually
progressive vascular syndrome.
We can consider our patient as suffering

from meningovascular neurosyphilis,
which occurred several years after infec-
tion, clinically still prodromal (headache,
low mood) and with the peculiar feature of
a bilateral intracranial aneurysm of prob-
able mycotic origin.

Review of Reported Cases of Mycotic
Intracranial Aneurysms and Comparison
with Our Patient (Pathological Pattern,
Clinical Presentation, Diagnosis,
Treatment, and Clinical Outcome)
The eventual role of arterial wall inflam-
mation in the development of mycotic brain
aneurysms, a phenomenon that is already
known to occur in cases of syphilitic aorti-
tis, is still debated.17,25 It is commonly
thought that syphilis may result in a lym-
phoplasmacytic infiltration of the vasa
vasorum with endarteritis obliterans.26

Therefore, histologic features of mycotic
aneurysms are reported to be lymphocytic
infiltration, marked intimal proliferation
and internal elastic lamina destruction.27

In meningovascular syphilis, this process
may lead to aneurysms years after onset of
infection28,29 as in the case of our patient.
The association of syphilis with either
single or multiple intracranial aneurysms,
however, is a rare condition17,25: Few cases
have been described in literature, mostly
occurring in the carotid artery, the middle
cerebral artery, the anterior cerebral artery,
the anterior and posterior communicating
arteries, and the basilar artery.17,25 To our
knowledge, the occurrence of 2 aneurysms
involving both ACAs has not been
reported previously, although we cannot
2.e18, MARCH 2016 www.WO
completely rule out the possibility that it
may be a coincidental finding.
Although many cases remain asymptom-

atic, the majority of symptomatic mycotic
brain aneurysms manifest themselves
through symptoms related to their rupture,
such as severe unremitting localized head-
aches, dizziness, seizures, altered mental
status, and focalneurologicdeficits related to
subarachnoid hemorrhage. Additional and
insidious presentations for unruptured
intracranial infectios aneurysmsmay include
a subacute history of fever, chills, and mal-
aise.30-35 In our case, no evidence of intra-
cranial bleeding has been pointed out, and
the patient belongs to the group of asymp-
tomatic/mildly symptomatic ones.
Currently, the diagnosis of brain

mycotic aneurysms and related complica-
tions is based on the use of neuroimaging
as well as dedicated cerebrovascular
imaging (noncontrast CT scans, contrast-
enhanced CT angiography, MRI, conven-
tional angiography), in the presence of
predisposing infectious conditions, even-
tually highlighted by positive cultures of
peripheral blood or the infected aneurysm
wall (we didn’t perform any biopsy sam-
pling of the aneurysms) and CSF exami-
nation.30,35-39 It is noteworthy that no
laboratory study has proven sufficiently
sensitive or specific to serve as a single test
for the definitive diagnosis of neuro-
syphilis.14,40 Treponemal tests such as The
FTA-ABS and the microhemagglutination
assay are very sensitive and specific tests
in secondary, latent, tertiary, and quater-
nary syphilis and represent a useful tool to
confirm the diagnosis. Today, it is quite
common to observe FTA-ABS and TPHA
tests producing persistently positive re-
sults (the theory of “serological scar”). In
particular, serological scar is considered
the persistence of reagins in low titers (of
pure serum up to 1:4) after 2 years, with
positive treponemic tests. Persistent high
titer serology, even with normal CSF,
should be followed up longer because of
the possible existence of other treponema
reservoirs.41,42

The treatment of intracranial infectious
aneurysms remains controversial and
highly individualized, because of the lack of
clear standards to guide clinical decision
making.30,43 We opted for a conservative
management, which is indicated for pa-
tients with unruptured aneurysms and/or
with high surgical risk and consisting of
RLDNEUROSURGERY.org 662.E16
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4e6 weeks of antimicrobial therapy. If
cultures are unclear, empiric treatment
should be initiated. Then, the patient must
be followed with serial angiography to
monitor the stability of the aneurysms.30,44

Alternatively, the definitive treatment of
ruptured aneurysms relies on surgical
clipping (young, symptomatic patientswith
accessible aneurysms), endovascular coil-
ing (surgically inaccessible or multiple an-
eurysms, at high surgical risk), or trapping
via either modalities.30,43,45-49 Despite the
paucity of the studies, it seems the overall
majority of patients had a positive outcome,
with a few cases of further neurologic
decline or death.30,36,37,46,47,50-56
CONCLUSIONS

Because of the protean nature of the disease,
even a skilled physician may find its diag-
nosis quite challenging. Thus, thorough
clinical and radiologic investigations should
be supported by serological testing for
syphilis in all cases of cognitive impair-
ment.25 Although mycotic intracranial
aneurysms in association with neurosyphilis
are rare, they represent potentially life-
threatening lesions that require early
diagnosis and meticulous, individualized
treatment; because syphilis seems to be on
the raise, further studies on the topic are
warranted.
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