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Abstract Magnetic resonance (MR) scanning has become an
important diagnostic and management tool in cryptococcal
meningitis (CM). However, there are only isolated case re-
ports documenting neuroradiological findings in human im-
munodeficiency virus (HIV)-negative patients with CM and
none has clearly addressed the relationship between cerebral
lesions on magnetic resonance imaging (MRI) and prognosis.
The MR brain images available from 114 HIV-negative pa-
tients with CM were retrospectively analysed. Patients were
divided into Group I with one or more CM-related lesions and
Group II without CM-related lesions. Initial clinical and bio-
chemical markers and prognosis were collected and compared
between the two groups. In the present study, the most com-
mon pattern of CM-related lesions by MRI was radiological
meningitis, following by Virchow—Robin (VR) dilatation, hy-
drocephalus, intracerebral nodules and pseudocysts, which
was different from previous studies reporting that the main
MR findings of cerebral cryptococcosis in HIV-infected pa-
tients include dilated VR spaces, masses and pseudocysts.
Compared to the patients without CM-related lesions, patients
with CM-related lesions presented with a higher percentage of
male patients, a higher frequency of altered mental status, a
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higher positive rate of Cryptococcus culture in cerebrospinal
fluid (CSF) and a lower ratio of CSF glucose/blood glucose.
Poor outcomes were more frequent in patients with presence
of CM-related lesions compared to patients without CM-
related lesions. In conclusion, the main pattern of
cryptococcosis-related lesions on MR scanning differ between
non-HIV- and HIV-positive patients with CM. The presence
of CM-related lesions was significantly associated with pre-
dictors for poor outcome. Neuroimaging on MR scanning is a
useful tool to evaluate the initial severity and prognosis of CM
without HIV infection.

Introduction

Cryptococcal meningitis (CM) is caused by Cryptococcus
neoformans, which is an encapsulated yeast and ubiquitous
in soil and avian guano [1, 2]. CM is a serious infection of
the central nervous system (CNS) and is mostly found in pa-
tients with human immunodeficiency virus (HIV) infection
throughout the world. However, most cryptococcosis cases
in China have been reported in patients that were not HIV-
infected [3, 4]. Antifungal therapy, so far, has successfully
decreased the overall mortality rate of CM. However, neuro-
logic sequelae among survivors demonstrate that the progno-
sis of CM is far from being satisfactory [5].

Magnetic resonance imaging (MRI) scans have been found
to be more sensitive than computed tomography (CT) for de-
tecting abnormalities in cerebral cryptococcosis [6-9]. CM-
related lesions in brain scan imaging include dilated
perivascular spaces, masses, pseudocysts, cryptococcomas,
basal meningitis and hydrocephalus [8, 10-13]. In HIV-
positive patients, radiological studies involving cerebral cryp-
tococcosis have been numerous. In a study consisting of 62
cases, the results indicated that cryptococcosis-related lesions
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are associated with the initial disease severity of cryptococcal
meningoencephalitis in HIV-infected patients [8]. Another
study including 87 HIV-positive patients indicated that the de-
gree of cerebral involvement reflected by the presence of MRI
abnormalities is associated with visual loss secondary to CM
[14]. The radiographic appearance of CNS cryptococcosis may
vary among groups with different types of immunosuppression
and underlying diseases [15]. Evidence is based on case reports
or comorbidity with HIV infection. So far, only case reports that
focus on neuroradiological features in HIV-negative CM pa-
tients have been published, and none has clearly assessed the
relationship between CM-related lesions and disease severity.
Hence, the goal of our study was to specifically investigate the
potential utility of neuroimaging to evaluate the initial severity
and prognosis of HIV-negative CM.

Methods
Patient enrollment

A retrospective study of patients with CM was performed at
the Third Affiliated Hospital of Sun Yat-Sen University from
2002 to 2014. CM was defined as isolation of C. neoformans
in one or more cerebrospinal fluid (CSF) cultures or a positive
CSF India ink stain and clinical features of meningitis. All
enrolled patients had been in the hospital for the first onset
of CM. As a criterion for inclusion in our study, all patients
tested negative for anti-HIV antibodies. Patients were exclud-
ed from our study if they had received antifungal therapy prior
to admission. Written informed consent was in accordance
with the Ethics Committee of the Third Affiliated Hospital
of Sun Yat-Sen University and in compliance with the
Declaration of Helsinki.

Clinical symptoms and laboratory studies

A standardised case collection form was used to record clini-
cal, biological and mycological data at baseline. Initial sever-
ity was evaluated according to the presence of neurological
abnormalities and low ratio of CSF glucose/blood glucose.
Neurological abnormalities were defined by the existence of
abnormal mental status, seizures and/or neurological defects.

Treatment strategies and prognosis

Antifungal therapy was started as soon as the diagnosis of CM
was microbiologically confirmed. The induction treatment in-
cluded amphotericin B, lipid amphotericin B infusion or oral
fluconazole (either with or without combination of
flucytosine), followed by fluconazole as the maintenance
treatment. Prognosis was assessed by using the Glasgow
Outcome Scale [16] as follows: score 1=death; score
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2 =persistent vegetative state; score 3 = severe disability;
score 4 =moderate disability; score 5=good recovery.
Patients with a score of 1-3 were further classified into an
‘unsatisfactory group,” whereas those with a score of 4 or 5
were classified into a ‘satisfactory group.’

Radiological investigations

During the initial 2 weeks after admission, all selected patients
underwent MRI scanning. Neuroimaging was performed ac-
cording to local practice and analysed by a blinded neurora-
diologist. Brain lesions were recorded following a pre-
established checklist. Lesions that were presumed to be
cryptococcosis-related were analysed according to several lit-
eratures on brain cryptococcal lesions. CM-related lesions
were defined by one of the following criteria: dilated
Virchow—Robin (VR) space, pseudocyst(s), intracerebral nod-
ule or mass(es), meningeal enhancement, hydrocephalus and
hyper-intensity of the white matter. The CM-related lesions
were divided into Group I when one or more CM-related
lesions were observed and Group II when no CM-related le-
sions were presented.

Statistical analysis

Continuous data were presented as the median (interquartile
range). The association between the presence of
cryptococcosis-related lesions at baseline and initial severity
parameters with the subsequent outcomes was analysed using
the results obtained from MR scanning. The Mann—Whitney
U-test was performed on continuous non-normal data and
Chi-square or Fisher’s exact tests were performed to assess
the association between discrete variables. Kaplan—Meier
analysis was used to obtain survival curves. A p-value of
<0.05 was considered statistically significant. All analyses
were two-sided and performed using SPSS software version
13.0 (SPSS Inc., Chicago, IL, USA).

Results
Demographic data

In this study, 114 patients with CM were identified.
Among the 114 patients, 87 were male. All enrolled pa-
tients were tested negative for anti-HIV antibodies. Over
half of all patients suffered from underlying conditions
(Table 1). The most common underlying disease was dia-
betes mellitus, followed by liver cirrhosis, chronic renal
failure, rheumatologic disease and glucocorticoids use.
The first notified abnormal neurological symptoms was,
in order of frequency: visual symptoms (18.42%), abnor-
mal mental status (14.91%), auditory symptoms (10.53%)
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Table 1 Patient characteristics

Group | Group 11 Total no. p-Value
Gender 79 35 114 NA
Male 65/79 (82.29%) 22/35 (62.86%) 87 (76.32%) 0.024*
Age 40.92 (12.99) 39.65 (13.99) 40.57 (13.22) 0.65
Visual symptoms 14/79 (17.72%) 7/35 (20.00%) 21 (18.42%) 0.772
Auditory symptoms 9/79 (11.39%) 3/35 (8.57%) 12 (10.53%) 0.651
Seizures 6/79 (7.59%) 3/35 (8.57%) 9 (7.89%) 0.873
Abnormal mental status 16/79 (20.25%) 1/35 (2.86%) 17 (14.91%) 0.016*
No. with underlying disease ~ 43/79 (54.43%) 15/35 (42.86%) 58 (50.88%) 0.113
Extraneural involvement 14/79 (17.72%) 3/35 (8.57%) 17 (14.91%) 0.206
Cryptococcaemia 17/79 (21.52%) 4/35 (11.43%) 21 (18.42%) 0.2

Group I: patients with one or more CM-related lesions; Group II: patients without CM-related lesions

The results are given as median (interquartile range) or n (%)

4p<0.05

and seizures (7.89%). The average amount of time be-
tween the onset of symptoms and hospitalisation was
23.6 days.

Radiological findings at baseline

MR brain images were analysed from 114 HIV-negative pa-
tients with CM, as shown in Table 2. The median interval
between the onset of symptoms and initial neuroimaging
was 22 days (15-31). Fifteen patients (13.16%) presented
with normal brain image at baseline MRI. Out of a total of
114 patients, CM-related lesions were observed in 79
(69.30%) of the 114 patients. The most commonly observed
cryptococcosis-related lesions were meningitis (62.28%),
followed by VR dilatation (39.47%), hydrocephalus
(33.33%), masses (30.70%) and pseudocysts (15.79%).
Masses were mainly located in the basal ganglia, white matter
of lateral ventricle, cerebellum and pons. Post-gadolinium
MRI sequences showed remarkable meningeal enhancement
and ring enhancement of some mass lesions, as shown in
Fig. 1. In addition, enhancement was observed on the cysts
or surrounding parenchyma after contrast medium injection
(Fig. 1). Other lesions, including cerebral atrophy, aspecific
hypodensities and lacunar infarction, were found in non-HIV
patients with CM.

Relationship between baseline clinical and radiological
characteristics of patients with CM

Patients were divided into two groups according to the pres-
ence or absence of CM-related lesions. We then investigated
whether the presence of CM-related lesions was associated
with initial clinical features and laboratory data. A higher
frequency (82.29%, p =0.024) of males was found in pa-
tients with CM-related lesions compared with those who

with an absence of CM-related lesions (62.86%). There
was no significant difference in underlying disease between
the two groups. Patients with CM-related lesions had a
higher incidence of altered consciousness in the early stage
of the disease compared with those who did not show CM-
related lesions (20.25% vs. 2.86%, respectively, p =0.016).
No significant differences were found in other abnormal
neurology, including cranial nerves palsies and seizures.
When CSF characteristics were compared between patients
with or without CM-related lesions (Table 3), a significantly
lower ratio of CSF glucose/blood glucose at baseline was
found in patients with CM-related lesions (0.19 vs. 0.32,
respectively, p =0.012). In addition, CM-related lesions
were associated with a higher percentage of positive results
for Cryptococcus culture in the CSF (65.82% vs. 28.57%,
respectively, p =0.022).

Table 2 Initial findings of MR brain images collected from 114 non-
HIV-infected patients with CM

Results of brain imaging n %
Normal 15 13.16%
CM-related lesions 79 69.30%
VR dilatation 45 39.47%
Pseudocysts/cryptococcomas 18 15.79%
Intracerebral nodule(s)/mass(es) 35 30.70%
Radiological meningitis 71 62.28%
Hydrocephalus 38 33.33%
Other lesions

Cerebral atrophy 7 6.14%
Aspecific hypodensities 13 11.40%
Lacunar infarction 5 4.39%

The results are given as n (%)
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Fig. 1 Representative magnetic resonance images of abnormal
radiologic findings in non-HIV patients with cryptococcal meningitis. a
Sagittal T1-weighted post-gadolinium contrast enhancement showing
obvious nodular meningeal enhancement. b Axial T2-weighted image
showing a mass lesion in the region of white matter of the left lateral
ventricle trigone. ¢ Post-gadolinium magnetic resonance imaging (MRI)
sequences showing remarkable ring enhancement of the mass lesion. d

Relationship between baseline radiological characteristics
and prognosis of patients with CM

No significant differences were observed in the therapeutic
regimen between the presence and absence of CM-related
lesions. The patient outcomes are shown in Table 4. Of 79
patients who presented with presence of CM-related lesions,
nine died and 70 survived. Eight patients were lost to follow-
up. Thirty-two patients were classified in the group of poor
prognosis. Of the other 35 CM patients without CM-related
lesions, 26 had a good prognosis, whereas for the other eight,
the prognosis was poor. Poor outcomes were more frequently
found in patients with CM-related lesions compared to pa-
tients without CM-related lesions (p =0.033). The Kaplan—
Meier survival curve analysis is shown in Fig. 2. No signifi-
cant differences in mortality hazards were found between pa-
tients with or without CM-related lesions.

Axial T2-weighted image showing multiple dilated hyperintense
Virchow—Robin spaces in the bilateral centrum semiovale. e Axial T2
sequence showing bilateral pseudocysts in the region of basal ganglia.
Pseudocysts are thick walled and septated with a proteinaceous content. f
Post-gadolinium MRI sequences displaying enhancement of the cysts or
surrounding parenchyma

Discussion

The present study is, by far, the largest study to analyse the
radiological appearances of CM in non-HIV patients. We fur-
ther investigated brain lesions associated with CM in relation
to initial severity and prognosis of HIV-negative CM.

In this study, we demonstrated that the most common pat-
tern of CM-related lesions by MRI in patients without HIV
infection was radiological meningitis, which was different
from that in HIV-infected patients as previously described
[17, 18]. The primary MR findings of cerebral cryptococcosis
in HIV-infected patients are dilated VR spaces, masses and
pseudocysts [17, 18]. Radiological meningitis and hydroceph-
alus are relatively less frequent in CM co-infected with HIV
[8]. These differences were in accordance with a previous
study reporting that the radiographic features of CNS crypto-
coccosis can vary among groups with different types of

Table 3 CSF features

Group 1 Group 11 p-Value
CSF protein 0.93 (0.58) 0.96 (1.34) NS
CSF glucose 1.61 (1.05) 1.93 (1.26) NS
Ratio of CSF glucose/blood glucose 0.19 (0.10) 0.32 (0.22) 0.012%
CSF culture positive 52/79 (65.82%) 10/35 (28.57%) 0.022*

CSF: cerebrospinal fluid; Group I: patients with one or more CM-related lesions; Group II: patients without CM-

related lesions

The results are given as median (interquartile range) or n (%)

p<0.05
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Table 4  Patient prognosis according to the Glasgow Outcome Scale

Glasgow Outcome Scale Group | Group 11 p-Value
1 9/71 (12.68%) 3/34 (8.82%) 0.562
2 3/71 (4.23%) 1/34 (2.94%) 0.748

3 20/71 28.17%)  4/34 (11.76%) 0.053
4 11/71 (15.49%) 11/34 (32.35%) 0.047
5 28/71 (39.44%) 15/34 (44.12%) 0.461
Satisfactory outcomes 39/71 (54.93%) 26/34 (76.47%) 0.033*
Unsatisfactory outcomes  32/71 (45.07%)  8/34 (23.53%) 0.033"
Lost to follow-up 8/79 (10.13%) 1/35 (2.86%) 0.184

Group [: patients with one or more CM-related lesions; Group II: patients
without CM-related lesions

The results are given as n (%)
p<0.05

immunosuppression [9]. Dilated VR spaces, as a manifesta-
tion of cryptococcosis in acquired immunodeficiency syn-
drome (AIDS) patients, was also commonly observed in CM
patients without HIV, supporting that VR dilatation is not
specific to CM with AIDS and can also be found in other
conditions [17, 18]. In our study, we showed that, among the
patients without HIV infection, 13.16% had a normal MR
scan, whereas approximately half of the patients with HIV
infection presented with a normal MR scan [19]. In addition,
it has been reported that the meningeal enhancement on MRI
was minimal or absent in cases of CM with AIDS [13]. In our
series, however, it was found that enhancement of meninges
and some mass lesions on MRI was significant. Contrast en-
hancement of the lesions is considered as evidence of break-
down of the blood-brain barrier and inflammatory reaction
[20]. The impaired cell-mediated immunity in patients with
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Fig.2 Kaplan—Meier survival curves, as related to CM-related lesions on
MR images, among HIV-negative patients with cryptococcal meningitis

AIDS may account for the differences in contrast enhance-
ment [13, 21].

The main findings of this study were related to certain
differences between CM patients with or without CM-related
lesions on MR images. In this study, CM was predominant in
males, which was consistent with previous studies on sex
difference, with more male patients developing clinical cryp-
tococcosis [22, 23]. The presence compared to absence of
cryptococcosis-related lesions had been observed in a signif-
icantly higher percentage of male patients. The reason for this
difference was not entirely understood; however, it may be
due to the fact that the male immune system is less efficient
in controlling Cryptococcus neoformans infection [24]. In the
current study, the higher frequency of abnormal mental status
in patients with CM-related lesions was in accordance with
previous studies among non-AIDS patients with CM, which
indicate that patients who presented with a normal mental
status had a better prognosis [9, 25]. In addition, a study in a
large cohort of CM patients with AIDS demonstrated that
abnormal mental status was associated with death during treat-
ment [26]. This suggests that the mental status of the patient at
the time of admission is a useful pretreatment predictor in the
general assessment of prognosis.. Further, the higher positive
rate of Cryptococcus cultures in CSF in patients with CM-
related lesions implied that patients with CM-related lesions
had a higher burden of organisms compared to patients with-
out CM-related lesions. According to a study conducted by
Diamond and Bennett, a higher burden of organisms evaluat-
ed by India ink examinations correlated with failure or relapse
of CM [27]. Low CSF glucose levels usually indicate a high
Cryptococcus titre and a poor host immunity state [28]. The
CSF glucose/blood glucose ratio, which was significantly
lower in patients with CM-related lesions compared to pa-
tients without CM-related lesions in the present study, has
been shown to be a significant adverse prognostic factor for
CM and other forms of meningitis. Moreover, the CSF
glucose/blood glucose ratio in patients with suspected menin-
gitis had been recommended as part of the guidelines for the
management of meningitis in Japan [29-31]. Taken together,
CM-related lesions as identified on MR images indicated poor
inflammatory reactions and were associated with pretreatment
predictors of poor prognosis for non-HIV patients with CM.

The therapeutic results of all patients showed a mortality
rate of 11.4% (12/105) and about 50% of survivors had mod-
erate to severe neurological deficits. The mortality rate in our
series was consistent with previous studies revealing that the
overall mortality in HIV-negative patients varied from 9 to
31% [32, 33]. The mortality of CM was not different in pa-
tients with or without CM-related lesions. However, a higher
frequency of unsatisfied outcomes was observed in patients
with CM-related lesions, which could be explained by the
above-mentioned results that CM-related lesions as identified
on MR images correlated with risk prognostic factors.
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In summary, our study demonstrated that the primary pat-
tern of cryptococcosis-related lesions recorded by MR in non-
HIV patients with CM is different from that in HIV-positive
patients. The presence of CM-related lesions was significantly
associated with risk prognostic factors, including altered men-
tal status, decreased CSF glucose/blood glucose ratio and high
burden of organisms. Neuroimaging on MRI scans may be
considered as a useful tool to evaluate the initial severity and
prognosis of CM developed in HIV-negative patients.
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