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Neuro-psychological Sequelae in HIV-negative Cryptococcal
Meningitis after Complete Anti-fungal Treatment

Chang-Hung Chen', Chiung-Chih Chang'?, Wen-Neng Chang', Nai-Wen Tsai', Chun-Chung Lui’,
Wei-Che Lin’, Nai-Ching Chen', Ching Chen®, Chi-Wei Huang'?, Cheng-Hsien Lu'

Abstract-

Purposes: The cognitive sequelae and influence of depression in patients with cryptococcal meningitis
(CM) after complete anti-fungal treatment has not been completely surveyed in literature.
Methods: Seventeen HIV-negative CM patients and 26 healthy controls were enrolled in this prospective

study. Neuro-psychological evaluation was performed to assess the attention, execution, speech and
language, semantic and visuo-construction function, and depression. These were correlated with longi-
tudinal magnetic resonance imaging (MRI) through the following checklists: dilated Virchow-Robin
spaces, pseudo-cysts, intra-cerebral nodule or mass, meningeal enhancement, hydrocephalus, and
hyper-intensity of white matter. For cognitive outcome measurement, initial clinical and biochemical
markers were collected and analyzed.

Results: The mean follow-up duration in CM patients was 69.6 months. They had impairments in attention,

execution, speech and language, and visuo-construction function, while six (35%) patients fulfilled the
depression criteria. Initial cryptococcal antigen titer was inversely correlated with block design score
(p=-0.54, p< 0.05), after adjustment for depression. Patients with two or more CM-related lesions had
higher CSF lactate (mean, 43.4; SD, 19.5) at baseline than those with less than two CM-related lesions
(mean, 19.2; SD, 12.6) (p=0.04). CM with depression is highly associated with poor cognitive perfor-
mance and higher likelihood of two or more lesions in MRI (likelihood ratio=6.012, p=0.014).

Conclusion: Cognitive deficits persist in CM patients even after complete treatment. The number of lesions

plays an important role in cognitive performance and depression. Extensive involvement of the cogni-
tive domains with wide radiographic presentations suggests a disseminated nature of cryptococcus.
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Cryptococcal meningitis (CM), aside from tubercu-
losis meningitis, is a common cause of chronic meningi-
tis"?. In contrast to the Western literature, wherein CM
is more commonly seen in immuno-compromised
patients”, CM patients with negative screening for
human immunodeficiency virus (HIV) are repeatedly
reported in Taiwan“®. Anti-fungal therapy has success-
fully reduced the overall mortality rate but the neurolog-
ic sequelae among survivors indicates that prognosis of
CM is far from being satisfactory"’?.

Dementia related to CM infection is well known®,
but evidence is based on case reports"®" or on co-mor-
bidity with HIV infection®. From these reports, the cog-
nitive deficits ascribed to CM are mostly in the form of
acute confusional psychosis, mania, or encephalopathy"”
¥, aside from neurologic presentations like sensori-neur-
al hearing loss or headache®. Although complete recov-
ery of cognitive function has been reported"”, detailed
neuro-psychological evaluation aimed at detecting spe-
cific cognitive deficits after complete anti-fungal treat-
ment remains limited in current literature.

The purpose of the present study is to understand the
neuro-psychological performances in CM in a steady
stage and explore their relationship with initial biochem-
ical markers and imaging findings.

METHODS

Patient enrollment

Patients with CM who were treated and discharged
from the Department of Neurology, Chang Gung
Memorial Hospital-Kaohsiung in the period 1997-2007,
were asked to participate in this neuro-psychological fol-
low-up examination. The diagnostic criteria of CM were
according to previously published data. For the 64 CM
patients, 21 patients expired. Among the 43 survivors,
25 had regular follow-up at the neurology out-patient
clinic. Based on the Chang Gung Memorial Hospital
Ethical Committee Recommendations, all of the partici-
pants provided written informed consent.

Patients with the following conditions were exclud-
ed: 1) age <18 or >85 years; 2) evidence for alcoholism;
3) any other addictive disorders or known affective or

other psychiatric diseases; 4) known neurologic disor-
ders potentially affecting the CNS; 5) severe recent life
events that might interfere with neuro-psychological
testing; and 6) use of sedatives or neuroleptic medica-
tion.

For comparison, 26 subjects matched for age (54.4
year-old, SD 7.1), gender (male 19, female 7), and edu-
cational level (11.5 years, SD 2.8) were selected from
the normative data as controls. None of them had a his-
tory of neurologic or neuro-psychiatric disorders, and all
had normal MRI and basic blood test results (liver and
renal function tests, electrolytes, and complete blood
count).

Based on the inclusion and exclusion criteria, 17
patients completed the study. Demographic data were
available at baseline for all patients (Table 1). Initial
CSF cryptococcal antigen titer, white-cell count, CSF
protein, glucose, lactate concentration, and serum sodi-
um level were recorded as initial biochemical markers
for further comparison. Moreover, creatinine level at dis-
charge and Glasgow Coma Scale upon admission and at
discharge was collected for further analysis.

Neuro-psychological testing

Neuro-psychological testing was performed in all
CM patients after a mean follow-up period of 69.6+
47.5 months (range, 3-127 months). A clinical psycholo-
gist blinded to the patients’ exposure status performed
the tests.

The neuro-psychological battery focused on 5 cogni-
tive functional domains: attention, execution, speech and
language, memory, and visuo-construction function.
Attention functions were measured by the digit span
score from the Wechsler Adult Intelligence scale-III
(WAIS-III)" and the attention and orientation score
from the Cognitive Ability Screening Instrument
(CASD)"®, Executive functions were measured using the
digit symbol coding, similarity, arithmetic, picture
arrangement and matrix reasoning scores from WAIS-
III,15 abstract thinking scores from CASI, 16 and the
concept, errors, and perseveration score from the
Wisconsin Card Sorting Test-64 (Computer Version
Scoring Program)"”.
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Figure 1. Magnetic resonance imaging (MRI) of Cryptococcal meningitis. (A) MRI axial T1-weighted image with Gadolinium enhancement:
patchy meningeal enhancement (clear arrow). (B) MRI axial T2-weighted image: dilated Virchow-Robin spaces (arrow). (C) MRI
axial T1-weighted image: hydrocephalus. (D) MRI axial FLAIR-weighted image: multiple isolated or confluent white matter changes
and pseudo-cysts (arrow). (E) MRI axial T1-weighted image: Pseudo-cysts (arrow). (F) MRI axial T1-weighted image with
Gadolinium enhancement: mass lesion on the right medial occipital region (clear arrow).

Memory functions were measured using the short-
term and long-term memory scores from CASI 16 and
the information scores from WAIS-III, 15 While speech
and language ability were measured using the vocabu-
lary and comprehension scores from WAIS-IIL, 15 and
the language and semantic fluency scores from CASI"?.
Visuo-construction ability was assessed using the score
of picture complete and block design from WAIS-III, 15
and the drawing score from CASI"?.

The Beck Depression Inventory (BDI) Second
Edition"?, a 21-item self-report instrument, was used to
assess the existence and severity of symptoms of depres-
sion as listed in the American Psychiatric Association’s
Diagnostic and Statistical Manual of Mental Disorders
Fourth Edition"”. A total score of 0-13 was considered
minimal range, 14-19 mild, 20-28 moderate, and 29-63
severe.

Radiologic investigations

Brain imaging studies were performed according to
the clinician’s decision. The last brain MRI available for
each patient was less than three months of the follow-up
neuro-psychological testing. All of the consecutive MRI
studies were collected and analyzed by neuro-radiolo-
gists experienced in the field of central nervous system
(CNS) infections but blinded to the study patients’ data.
Brain lesions were recorded following a pre-established
check-list and CM-related lesions were defined by one
of the following (Fig. 1): dilated Virchow-Robin (VR)
spaces, pseudo-cyst(s), intra-cerebral nodule or mass(es),
meningeal enhancement®”, hydrocephalus, and hyper-
intensity of the white matter®’. Radiologic evolution was
evaluated on serial brain MRI and classified as present
or absent in the checklist. The intrarater reliability was
examined in 20 randomly selected patients, and the
kappa coefficients ranged from 0.81 to 0.88 for separate
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Differences among cognitive domains in Group I and II

Executive Function

Visuo-construction

20 A

HGroup I
 Group IT

Digit Similarity ~ Arithmatic ~ Abstract
Symbol thinking

Picture Block Beck
Complete Design  Depression
Index

Figure 2. Differences between the Cryptococcal meningitis and control groups based on MRI findings.
Bar, standard deviation; Group I, less than one cryptococcal meningitis (CM)-related lesion,

Group II, two or more CM-related lesions

regions.

Statistical analyses

Data were described as mean £ standard deviation
(SD). Statements on pathologic alterations in the CM
group based on the neuro-psychological battery were
made cautiously. They were not only based on signifi-
cant group differences of the individual test results
between the control and CM groups but also required
significant Z-value differences in the 5 cognitive func-
tional domains. The Mann-Whitney test was used to
compare continuous variables between the control and
CM groups.

To test if depression interacted with cognitive scores,
the CM group was further divided into two groups using
the BDI cut-off value of 13/14. A BDI score =14 was
considered CM group with depression while a score =13
was considered CM group without depression.
Comparisons of neuro-psychological testing between
CM patients with depression and those without were
analyzed by the Mann-Whitney test, and by the Kruskal-
Wallis test for the two CM groups and the controls. For 2
X 2 tables, Fisher’s exact test is computed with an

expected frequency of less than 5. Correlation studies
were calculated by the Spearman’s correlation test.

Radiologic features at baseline and longitudinal fol-
low-up were determined for all of the MR images col-
lected. The CM-related lesions were divided into Group
I with less than one CM-related lesion and Group II with
two or more CM-related lesions. Comparison of bio-
chemical markers and neuro-psychological data in these
two groups were analyzed by Mann-Whitney test. All
statistical data were processed by the SPSS (version 11.0
for Window; SPSS, Chicago, IL, USA). A p<0.05 was
considered statistically significant.

RESULTS

Baseline characteristics and initial biochemical
markers

The baseline characteristics of patients showed that
none of them had HIV antibody titer above the screening
threshold. Six CM patients had high initial CSF crypto-
coccal Ag level (=1024) on admission, while two had
elevated creatinine levels upon discharge. Using the
specified BDI cut-off value, six CM patients (35.3%,
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Table 1. Demographic data of cryptococcal meningitis in this study

Depressive Non-depressive p value Total
(n=11) (n=17)

Years of Education 8.5(2.9) 11.5(5.1) 0.1 10.4 (4.6)
Age 58.7 (8.6) 52.5(15.2) 0.4 54.7 (13.3)
Sex ( Male/Female) 10/1 1 16/1
Human Immune Virus 1 Titer (normal <1) 0.2 (0.01) 0.2 (0.02) 0.4 0.21 (0.02)
Hospitalization duration (days) 57.7 (26.9) 54.4 (36.4) 0.8 55.9 (31.1)
Glasgow Coma Scale at admission 14.7 (0.8) 13.7 (2.6) 0.4 14.1 (2.1)
Glasgow Coma Scale at discharge 14.7 (0.8) 13.7 (2.6) 0.4 14.94 (0.24)
Duration of follow-up (months) 40.7 (44.8) 85.5(42.7) 0.06 69.6 (47.5)
CSF Cryptococcal Ag titer 450.7 (453) 1876.0 (2881.2) 0.3 16-8192
CSF White cell count (/mm’) 72 (42.6) 217.5 (184.9) 0.1 136.7 (31.1)
CSF Protein (g/L) 3.04 (2.41) 2.15(1.41) 0.4 2.56 (1.90)
CSF Lactate (mmol/L) 4.40 (1.62) 3.79 (2.82) 0.6 4.05 (2.30)
CSF glucose (mmol/L) 1.85 (0.55) 2.19 (1.21) 0.6 2.07 (1.01)
Serum sodium (mmol/L) 140.2 (4.0) 138.1 (4.4) 0.4 139 (4.2)
Creatinine level at discharge (umol/L) 106.1 (35.4) 97.3 (26.5) 0.6 99.9 (26.5)
Seizure during follow up 0 1 0
Hydrocephalus with V-P shunting procedure 6 1 10
Beck Depression Index 24.8 (6.5) 4.8 (4.0) <0.0001 11.88 (10.9)

Numbers in the parenthesis indicate standard deviation; Hospitalization duration indicates admission days related to meningitis treatment only

Abbreviations: CSF, cerebrospinal fluid; VP, ventriculo-peroneal

mild n=1; moderate n=4, severe n=1) fulfilled the
depression criteria. Except for the BDI score, there were
no significant differences in age, gender, education level,
initial or discharge GCS score, follow-up duration, and
initial biochemical markers between the depressed and
non-depressed CM sub-groups (Table 1).

Neuro-psychological testing

In the 5 cognitive functional domains (Table 2), the
CM group had significant differences with the control
group in attention? executive function, speech and lan-
guage ability, and visuo-construction function.
Individual cognitive tests were also compared (Table 2).

Presence of depression affected the cognitive
domains in the CM group (Table 2). The non-depressed
CM patients had significantly higher score in the execu-
tive function domain and one of the visuo-construction
functions. They also had significant differences with the
control group in the language and speech ability (com-

prehension and semantic fluency) while CM patients
with depression had greater impairment in the digit span,
executive function (digit symbol coding, similarity,
arithmetic, picture arrangement, abstract thinking, con-
ceptual response, and non-perseveration error), short-
term memory, and visuo-construction ability (picture
complete and block design).

Correlation study adjusted for depression showed
that initial cryptococcal antigen titer inversely correlated
with block design score ( 0 = -0.54, p< 0.05). There was
no correlation between other biochemical markers and
clinical features with neuro-psychological testing. As
regards the MRI characteristics of CM patients, there
were no significant differences between those with and
those without depression in terms of dilated Virchow-
Robin spaces, pseudo-cysts, intra-cerebral nodule or
mass, meningeal enhancement, hydrocephalus, and
hyper-intensity of the white matter. However, depressed
CM patients had higher likelihood of having two or
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Table 2. Pair-wise comparison of subsets between the cryptococcus meningitis (CM) and control groups
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CM without CM with
Cognitive function and sub-domains CM group Control group p value depression depression p valuea
(n=11) (n=6)

Attention Function (Z score) -2.14%34 0.12£0.6 0.002 -0.16%=3.4 -2.5£3.8 0.8
Digit span 8.12+3 3% 11.73%+3.6 0.002 8.91+3.2 6.67 3. 4% 0.194
Attention 7.29%1.2 7.88£0.3 0.82 727x1.2 7.33£0.8 0.91
Orientation 15.82£3.6% 17.69£0.8 0.016 16.45+2.9 14.67£4.6 0.34

Executive Function (Z score) -0.42%0.7 0.03£0.4 0.013 -0.071£0.6 -1.03£0.38"%*  0.007
Digit symbol coding 8.24+3 5 11.27£2.1 0.001 9.09£3.5 6.67 3.2 0.2
Similarity 8.18 3.7 11.62*+1.6 <0.001 9.63£3.6 5.5+23%%  0.02
Arithmetic 9.35+3.1 10.88£2.3 0.07 10.54%£3.1 7.17£1.5%%  0.02
Picture arrangement 7.5313.3%* 11.31£2.3 <0.001 9.82+2.1 7.67£3.0%* 0.2
Matrix reasoning 9.01£2.7 9.31£2.8 0.7 10.0£2.5 7.17%+2.3" 0.03
Abstract thinking 9.24+2.2%* 10.69£1.3 0.02 9.82£23 8.17£1.7%x* 0.14
Mental Manipulation 8.59+1.6 9.35%1.1 0.7 8.64+1.7 8.50*+1.5 0.9
Concept from WCST 43.02£60.0 56.19+1.79 0.4 59.03+24.4 19.01£20.5"*  0.006

Non-perseveration error from WCST 17.8£14.3 11.50%+5.9 0.4 11.56%+9.9 27.17£15.5%%  0.03
Perseveration error from WCST 13.1£6.8 10.62+3.4 0.4 11.89£7.1 14.83£6.6 0.4
Perseveration response from WCST 15.0£8.5 12.08t4.3 0.2 13.78+9.1 16.83+8.1 0.5

Memory Function (Z score) -1.24+1.9 044=%1.2 0.09 -1.25£1.86 -1.21x2.12 0.9
Short term memory 8.60E£3.4 10.73£1.7 0.16 9.30%£2.8 7.32+4.3% 0.9
Long term memory 9.65£0.8 9.92£0.4 0.33 9.6410.8 9.67£0.8 0.9
Information 9.76+2.0 11.1£2.7 0.09 10.36%2.1 8.67£1.5 0.9

Speech and Language (Z score) -0.541.1%* 0.44+0.5 0.002 -0.51+1.13 -0.58+0.9 0.9
Vocabulary 9.06+3.6%* 11.81£25 0.005 92736 8.67+3.9 0.7
Comprehension 9.003.74%*  12.54£2.7 <0.001 9.45£3.6%* 8.17+4.2 0.5
Language 9.94%0.8 9.96%0.1 0.96 9.61£0.9 9.70%£0.5 0.8
Semantic fluency 6.651+2.9* 8.85k1.5 0.04 6.64 3.4 6.67£2.3 0.9

Visuo-construction Function (Z score) -0.65+0.8 -0.12£0.8 0.007 -0.291+00.8 -1.294+0.7"%  0.02
Picture Complete 7.53£3. 3% 11.31£23 <0.001 8.27£3. 7% 6.1711.9%* 0.1
Block design 8.65+3.0%* 11.73+2.4 <0.001 10.00£2.6 6.2+22%*  0.008
Drawing 9.00+1.5 9.85+0.4 0.978 9.0t1.7 9.0%x1.3 1

Data were described as mean % standard deviations; WCST: Wisconsin card sorting test

Z score, number following cognitive function; p value, between CM and control group

*#p<0.01, *p<0.05 between CM and control group

ap<0.05 comparing CM group with and without depression

more MRI lesions (likelihood ratio = 6.012, p = 0.014).

Radiologic findings during the course of CM
For CM, the average imaging numbers were 4.6
times/per patient (range, 1-13, SD, 3.1). Using the MR

checklist, all patients had at least one CM-related lesion
in the longitudinal series, including six patients in Group
I and 11 in Group II. In Group II, 10 patients received
three or more MRI follow-ups. The frequencies of CM-
related lesions were higher in depressed CM group than
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in the non-depressed CM group (p=0.03).

The frequencies of findings were as follows (in
descending order): meningeal enhancement (n=13,
76.5%, Fig. 1A), dilated VR spaces (n=10, 58.8%, Fig.
1B) and hydrocephalus (n=10, 58.8%, Fig. 1C), hyper-
intensity of white matter (n=8, 47%, Fig. 1D), pseudo-
cyst(s) (n=5, 29.4%, Fig. 1E), and intra-cerebral
mass(es) (n=2, 11.8%, Fig. 1F).

Relationship between cerebral images with initial
biochemical markers and cognitive functions

The association of radiological features from the
MRI checklist with initial biochemical markers or cogni-
tive performance was further assessed but there was no
isolated radiographic character listed in the checklist that
showed group differences with the initial biochemical
markers.

Group II CM patients had higher CSF lactate at
baseline (mean 43.4, SD 19.5) than Group I patients
(mean 19.2, SD 12.6) (p=0.04). Moreover, Group I (1 in
6) had lower frequency of VP shunt operations com-
pared to Group II (9 in 11) (p=0.009). There are no dif-
ferences between group I and group II in the initial bio-
chemical markers, seizure, total hospitalization duration,
creatinine level at discharge or GCS at admission or dis-
charge (All P>0.05).

Comparison of neuro-psychological performances
between Groups I and II showed that Group I had greater
performances in executive function (digit symbol cod-
ing, similarity, arithmetic, and abstract thinking), visuo-
construction (picture complete and block design) and
digit span score (Fig. 2).

DISCUSSION

To date, this is the first study to explore chronic cog-
nitive deficits in CM patients with a mean follow-up
period of 69.6 months. The results show that not all
patients recover to a normal state even after complete
anti-fungal treatment. Furthermore, the CM group with
depression has worse performance on cognitive tests, not
only compared with the controls but also with the non-
depressed CM group. This suggests that the presence of

depression after CM is clinically important. Because of
higher likelihood of MRI lesions, the presence of depres-
sion in CM patients may have a structural basis.
Although complete return of cognitive function has been
reported before, the present study suggests a wide spec-
trum and complexity of prognosis in terms of cognitive
functions.

There is no published data regarding the prevalence
of depression after CM although some case reports have

222 or considered it as a con-

delineated the symptoms
comitant condition after HIV infection®”. The present
study shows that 35% of patients fulfilled the criteria of
mild-to-severe depression. There are also no differences
in demographic data and initial biomarkers between the
depressed and non-depressed CM groups. Thus, it can be
hypothesized from the biological basis of depression®”
in CM patients in this study that the presence of depres-
sion is associated with more CM-related MRI lesions.
The biological basis of depression in CM patients is also
based on poorer executive and visuo-constructive func-
tions in the depressed CM group than in the non-
depressed CM group. Correlation with dysfunctional
execution may link to the frontal-sub-cortical circuits®”
¥, Structural damages, such as cerebral vasculitis”, are
common in CM patients and can occur in regions like
the thalamus, basal ganglion, and cerebral cortex, which
are commonly linked with depressive symptoms®”.

From the cognitive functional perspective, the CM
group has impairment in attention, executive, speech and
language, and visuo-construction, which are not sub-
served by a single network in the brain. Aside from
depression, many factors may contribute to the cognitive
impairments in CM patients. The current study shows
that initial cryptococcal antigen titer may be the only
biochemical marker predictive of cognitive performance
later. High titers of cryptococcal antigen is generally
considered a greater burden of yeast, poor host immune
response, and greater likelihood of therapeutic fail-
ure®.30 Another study®’ suggests a significantly posi-
tive association between the CM-related brain lesions
and serum and CSF antigen titers. In contrast, the pre-
sent series shows that initial CSF lactate level may be
lower in patients with greater MRI lesion load. CSF lac-
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tate has been associated with cerebral infarction in bacte-

rial meningitis®"

and the level is proportional to the
severity of brain injury™**. Since lactate is formed dur-
ing normal anaerobic glycolysis via inter-conversion of
pyruvate, a rise in CSF lactate level may reflect the state
of anaerobic glycolysis.

The value of longitudinal brain MRI for assessing
CM-related lesions without HIV infection, along with
correlation study with initial biochemical markers and
cognitive performances, are analyzed in detailed here.
Using MRI, all of the patients have at least one MRI
finding and the positive yields of imaging abnormalities
are not lower than those of CM cases with HIV infec-
tion®**. From a review of longitudinal MRI in this
study, lesions in CM may show worsening (enlargement
or new lesions), persistence, or regression. Apparently,
evolution in neuro-imaging during follow-up indicates
the neurologically unstable states of CM. Thus, patients
may benefit from serial radiologic evaluations from the
perspective of treatment response monitoring. The pre-
sent study also shows that the lesion load may greatly
influence cognitive performance later. The contribution
of all CM-related lesions rather than focusing on any
isolated radiologic feature also point to a disseminated
nature of cryptococcus.

Hydrocephalus is a common complication in CM
and shunting is often considered in the clinical setting®.
Previous study shows that early shunting in CM patients
without hydrocephalus®” may greatly improve any
uncontrolled intra-cranial hypertension and outcome
measures. This study is unable to definitively conclude
the benefit of early shunting in cognition since none of
the CM patients received VP shunting in the absence of
hydrocephalus by MRI.

Several considerations may account for the higher
neuro-psychological deficits in the study group despite
complete treatment. First, studies by Kalita et al®” and
Lorber et al®® demonstrate that in chronic meningitis,
better cognitive performances are related to the stage of
meningitis on admission. Since the study hospital is a
tertiary referral center, there may be selection bias of
more complicated populations in the current series, lead-
ing to the cognitive prognosis. Although early treatment

15

is the rule of thumb™*”, the time course of CM presenta-
41

tion“” may be sub-acute or chronic, which also makes
clinical judgment more difficult. Second, a more sophis-
ticated cognitive battery, which is better suited for subtle
changes in cognitive functions, is used here. Third, vari-
ous pathologic changes, including white matter hyper-
intensities, infarction, intra-cerebral nodules, and hydro-
cephalus, may occur concomitantly in CM. These, in
turn, influence subsequent cognitive functions.
Therefore, longer follow-up periods similar to the cur-
rent study may be able to present a more chronically
steady state of this disorder. Lastly, treatment with anti-
fungal agents may interfere with renal function and
influence cognitive outcome. The present study shows
that creatinine level on discharge does not correlate with
cognitive performance later and suggest that the toxic
effect of anti-fungal agents do not interfere with cogni-
tive function via impaired renal function.

The present study has some limitations. First, only
17 CM patients are included. The results may not be
applied to the general population for CM. Since most of
the executive function tests are not different between the
CM and control subjects, to conclude that the CM
patients have extensive executive dysfunction still can-
not be definitively stated. However, as CM patients still
show significant impairment in the digit symbol coding,
similarity, picture arrangement, and abstract thinking
domains, it is possible that executive dysfunction may be
selective, depending on the level of executive functions
and complexity of the tests per se. Second, only one
neuro-psychological test has been conducted during fol-
low-up, the interpretation can only be applied on this
disease stage. Lastly, because the precise duration of
onset-to-treatment may be biased by the patient’s drowsy
consciousness on admission or the chronicity of this dis-
ease, this data cannot be obtained for further discussion.
It is therefore possible that worse clinical performance in
some CM patients may be due to late treatment.

In conclusion, CM patients have extensive neuro-
psychological deficits even after complete anti-fungal
treatment. Depression, CM-related lesions by MRI, and
initial higher CSF cryptococcal antigen titer are predic-
tive of poor cognitive performance. The extensive
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involvement of cognitive domains and wide spectrum of
radiographic presentations suggest a disseminated nature
of cryptococcus in the brain.
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