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Abstract

Objective

To identify and describe characteristics of invasive Central
Nervous System [CNS] fungal infectionsincluding their clinical
presentation, diagnosis, treatment and outcome at our center.

M ethods

This is a retrospective study design using secondary data
analysis. Medical records of patientswith CNSfungal infections
presenting during an eight-year period, from June 2011 to June
2018 were reviewed to determine patients baseline characteristics
(age, gender, comorbidities), site of infection in brain, clinical
presentation, imaging findings, medications used and response
to treatment including mortality.

Results

Twenty-one patients with invasive CNS fungal infection were
identified and reviewed. A mgjority of patients were men (81%).
Theclinicd presentation was variable and most patients presented
with more than one feature. Headache was the commonest
symptom and was seen in 67% of the patients. Response to
treatment was better in patients with Aspergillosis (71.4%) as
compared to other organisms (43%). The overall response rate
of CNS fungal infections was 62%. Overall mortality in these
patients was 24%. Voriconazole is better tolerated while
Amphotericin B deoxycholate use was associated with expected
kidney injury. Surgical excision at any time during the treatment
was associated with better response.

Conclusion

The results of present study show that CNS fungal infections
cause significant mortality. The index of suspicion should be
high even in immunocompetent patients presenting with
headache, facial swelling or neurological involvement. Prompt
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and accurate diagnosis and early treatment should be instituted
to avoid disease progression and mortality. Thereis aneed for
better tolerated drugs (Liposomal Amphotericin B and
Posaconazole) to be available at low cost. Surgery should be
considered as a treatment option wherever feasible.
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Introduction

Fungal infections contribute to high disease burden including
Pekistan. Theseinfections are under diagnosed dueto insufficient
diagnosing modalities and lack of index of suspicion.*? Invasive
fungal infections and candidemia has poor outcomes. Invasive
fungal infections are common in diabetics and in
immunocompromised patients but also reported to occur in
substantial humbers in overtly immunocompetent hosts.
Involvement of CNSininvasivefungal infection islesscommon
but is a diagnostic and treatment challenge and carries poor
outcomes.*??

Common fungi that can cause disease in CNS include
Aspergillus, Zygomycetes, Cryptococcus and Candida species.
Such infections may be more commonly seen in tropical
climates.* They can present as meningitis or can form brain
abscesses.® Cerebral fungal infections occur due to extension
of infection from contiguous structures (paranasal sinuses,
mastoid, middle ear cells), hematogenous spread or via direct
invasion during neurosurgical procedures or trauma. Sino-
orbital Aspergillosisis emerging infection in Asia, Africaand
Middle East making it acommon cause of contiguous spread
to CNS. Infections from paranasal sinuses usually extend to
frontal 1obe of brain and those from middle ear and mastoid air
cellsinvolve the temporal lobes.**

There are no characterigtic clinical or laboratory parametersto
diagnose cerebral fungal infection. Diagnosis of CNS fungal
infections relies mainly on radiological findings, histopathology
and culture. CSF examination has limited yield in diagnosing
cerebral aspergillosis however it can help in identifying fungal
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meningitis.>® Findings of CNS fungal infections on MRI and
CT scan are variable and can present asaintralextra parenchymal
solid mass lesion (with or without mass effect, infarct,
haemorrhage), abscess, meningeal enhancement or mucosal
thickening of sinuses and as bone erosions.”

Serological tests (galactomannan antigen and Beta D glucan)
on blood or CSF can support the diagnosis of CNS fungal
infection. Galactomannan is used for invasive aspergillosis and
Beta D glucan is detected in patients with mold or yeast
infections. Tissue sampling for histopathology and culture is
ultimately required in many cases for exact diagnosis and
identification of fungal species®

Various drugs are used to treat invasive fungal infections
including amphotericin B, triazoles, echinocandins and 5-
flucytosine. Echinocandins havelittle penetrationin brain. The
course of treatment is often complicated due to inappropriate
diagnostic tests, side effects of treatment, resistance and cost
issues. 2% Qutcome is better when surgery is combined with
medical treatment.*

To date there are very few studies to evaluate presentation,
treatment and outcome of CNS fungal infections in Pakistan.
Invasive fungal infection remains challenging due to diagnostic
delays and inappropriate treatment. The rationale of this study
isto highlight the clinical and radiological characteristics and
outcome of this serious disease in our country.

Patient and M ethods

Study design and settings

A retrospective review was performed of all the patients, who
were diagnosed with CNS fungal infections from June, 2011
to June, 2018, after approval from institutional review board.
A total of 21 patients were identified and included in this study
using the keyword CNS fungal infection to search in the
hospital’s electronic database. The demographics, age, risk
factors, clinical presentation, investigations, drugs and surgical
options were assessed in addition to the associated outcome
and mortality.

Inclusion / Exclusion criteria

Weincluded patients with the diagnosis of CNSfungal infections,
from June 2011 to June 2018, based on biopsy result or
radiological findings suggestive of CNS fungal infectionsin
with supportive clinical evidence. Patients with meningitis are
excluded from this study.

Patient characteristics

The baseline characteristics of the patients including age and
treatment duration were recorded as quantitative variables.
The gender, associated comorbidities, clinical findings, biopsy
results, type of surgical intervention, response to treatment and
side effects were recorded as qualitative variables.

Definitions

Confirmed CNS fungal infection is defined as diagnostic
histopathology or culture results.

Suspected fungal infection is defined as mass lesion on MRI
that was treated as fungal infection but biopsy not done.

Response was defined as improvement in both symptoms and
radiological findings in clinical follow up over 6 months.

No response was defined as no improvement in either symptoms
or radiological findingsin clinical follow up over 6 months.

Disease progression was defined as progression in either basdline
symptoms or radiological signsin clinic follow up over 6
months.

Statistical analysis

Statistical analysis was carried out using the Statistical Package
for the Social Sciences (SPSS) software (version 20.0; SPSS,
Chicago, IL, USA). Continuous variables were stated as Mean
+ SD and categorical variables were computed as frequencies
and percentages.

Results

Descriptive statistics

Out of 21 patients, 20 (87.5%) patients were adults and one
was of pediatric age group; mean age was 34.88 + 19.49 years.
Seventeen (81%) patients were men. Comorbidities were present
in 12 (57%) patients while 9 (43%) patients had no comorbid
illness. Four patients had cancer (Hodgkin's lymphomain three
and nasopharyngeal cancer in one patient). Four patients were
diabetics and two of them had chronic sinusitisaswell. Chronic
sinusitiswas also present in two other patients without diabetes.
One patient had ischemic heart disease and another was using
long term steroids for dermatitis. Location of home cities of
patientsisillustrated in figure 1.
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Fig.1 Demogr aphic presentation of patientswith CNSfungal
infection
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Clinical presentation (represented in table 1) was variable and
most of our patients had more than one presenting symptoms.
Biopsy was done in 19 (90%) patients; surgical excision was
donein 10 (47.6%) patients. Surgical procedures are detailed
intable 2. MRI ( Magnetic resonance imagining) findings also
remained variable and are elaborated in table 3.

Table 1: Clinical presentation of patientswith CNS Fungal
infections

Clinical Presentation No. of patients

Headache/facial pain 14

Focal deficit
Facial Numbness
Decreased vision/ cranial nerve palsy
Limb weakness
Slurred speech

Orbital swelling/proptosis

Nasal blockade

Altered mental status’memory loss
Seizures

Fever

Wwhoro R O1T0ON

Table 2: Details of surgical procedures

Procedure No. of patients
Excision 5

Biopsy 7
Trans-sphenoidal biopsy/

Nasal sinus hiopsy / debridement 6

Biopsy of cervical node/ neck sinus 1

None 2

Table 3: MRI Brain findings

Findings No. of patients
Masslesionin brain

Mass lesion with no complications 3

Mass lesion in brain with complications

(mass effect/ infarcts) 4
Ring enhancing lesion with meningeal
enhancement/mass effect 3
Sinuses/ mastoid/orbit infection
with intracranial extension 8

Skull based osteomyelitis with
intracranial extension
Gliomatosis cerebri with mass effect 2

=

MR spectroscopy was done in 4 patients suggestive of glial
tumor in two, gliomain one and meningiomain another patient.
Cultureswere availablein only 6 patients. Three of them showed
no growth, one patient had mixed growth of Mucormycosis
and Aspergillus, one had Aspergillus and another had Fonsecaea
species grown in culture. Histopathology result and diagnosis
made, is shown in table 4. Site of fungal infection within the
brainis described in figure 2.

Number of patients
2

Location of fungal infection in brain
= Frontal lobe
Temporo-parietal
\ Anterior cranial fossa/ cavernous sinus

Middle cranial fossa

Fig 2. Location of CNSfungal infections

Response to treatment

Response was described by analyzing patients in two groups.
Thefirst group was CNS aspergillosiswho received voriconazole
and the second group was CNS fungal infections other than
aspergillosis who were treated with Amphotericin B
deoxycholate or Posaconazole. Response was determined after
clinical and radiological review. Mean duration of treatment
was calculated in both groups. The number of patients who had
undergone surgical excision was also documented.

Fourteen patients were treated as CNS Aspergillosis. Twelve
patients had confirmed while two had suspected CNS
Aspergillosis. All patients were treated with voriconazole.
Details about response in patients with CNS aspergillosis and
patients who had fungal infections other than aspergillus is
givenintableb.

Side effects of medical therapy

In patients treated with voriconazole, adverse events were seen
in 3 out of 14 (21.4%) patients. One patient developed drug
associated rash and visual symptoms occurred in 2 patients
requiring stopping of voriconazole at 4 months in one of them.

Out of seven patients who were given Amphotericin B, 5
(71.4%) developed acute kidney injury.

Discussion

In this retrospective analysis, we have presented the clinico-
radiological features, treatment and outcome of 21 patients
with CNS fungal infection. In our study 14 patients belong
from southern Punjab, which may be a noteworthy point when
patients present with CNS complaints from these districts.
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Table 4: Histopathology of patientswith CNS fungal infections

Histopathology Number of Diagnosisn
patients
Septate fungal hyphae with necrotizing granulom atous inflammation 7 (33%) Aspergillosis 7
Septate fungal hyphae with non necrotizing granulomatous inflammation 4 (19%) Aspergillosis 3
Fonsecaea spp. 1
Septate fungal hyphae with inflammation / no granuloma 2 (9.5%) Aspergillosis 2
Non septate fungal hyphae with inflammation 4 (19%) Mucormycosis 1
Non septate hyphae with necrotizing granuloma 1(4.7) Mucormycosis 1
Necrotizing granuloma with mixed infection 1(4.7%) Polymicrobial infection 1

Not identified

(Aspergillus and Mucor)

2 (9.5%) Aspergillosis 2

Table 5: Responsein patientswith CNS asper gillosis and CNS fungal infections other than Aspergillosis

Diagnosis Mean Duration  Surgical Clinical Radiological  Over all Disease Mortality
of Voriconazole  excision response response response Progression
treatment in
days
Aspergillosis 227 + 138 days 7 (50%) 10 (71.4%) 10 (71.4%) 10 (71.4%) 1 (7%) 3(21.4%)
(14 patients)
CNSfungal infections other than Aspergillosis
Mucormycosis 126 + 56.17 2 2 2 2 2 1
(5 patients)
Fonsecaea 90 0 0 0 0 0 1
(1 patient)
Mixed infection 335 1 1 1 1 0 0
(1 patient)
Overadl 151+94.18 3 3 5 3(428%) 2(28.5%) 2 (28.5%)
(7 patients)

However, this effect may be due to institutional referral bias.

To date most of the research suggested certain risk factors
(cancer, diabetes, HIV, steroids, transplant, neurosurgery etc.)
for invasive fungal infections®'®*3*4, Our study highlights the
occurrence of invasive fungal infectionsin previously healthy
patients as 43% of studied patients had no conventional risk

factor for CNS fungal infections. In the remainder, diabetes,
chronic sinusitis and cancer were identified as risk factors for
invasive fungal disease.

Patients of CNS fungal infections usually present with headache,
fever, focal neurologica deficit (including crania neve palsies,
visual loss), change in mental status, nasal blockade and ear
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discharge.® Dubey et al. pointed out that patients of CNS fungal
infections usually have more than one clinical complaint and
headache was the most common presenting feature. Also,
patients can present with neurological disturbances (including
visual impairment and limb weakness), nasal blockade, and
eye swelling, though fever and fits remained less common
presentation. Similar to this study, our patients also present
with more than one clinica feature and most common presenting
feature was headache while fever and seizures were not common,
consistent with the afore mentioned study.*?

Most of the CNS fungal infections had predilection for frontal
lobe followed by temporo-parietal |obes, anterior cranial fossa
and middle cranial fossa however none of the patients had
infection in posterior cranial fossa. *2

Similar to Dubey et al., the most performed surgical procedure
was craniotomy for excision/biopsy (12 out of 21 patients).
However, 6 patients in our study required trans-sphenoidal
biopsy, with or without debridement, twice the number
mentioned by Dubey et al, where only 3 patients underwent
this procedure.

Aspublished inliterature, MRI findings of CNSfungal infections
in our study remained non-specific.’®!” Radiological findings
included mass lesion and ring enhancing lesion that can be
complicated with mass effect and infarcts. MRI remained a
helpful tool in revealing possible source of infection as 8 (38%)
patients showed mucosal thickening of sinuses, orbital wall or
mastoid as well, suggesting contiguous cause of intracranial
disease. MRI of 2 patients showed gliomatosis cerebri, one had
disease of both frontal 1obes and the other had disease in tempro-
parietal lobes.

Four patients of aspergillus granuloma had undergone MR
spectroscopy (MRS), which failed to differentiate aspergilloma
from possibleglial tumor in two, gliomain one and meningioma
in another patient. These results are consistent with the study
of MRS that showed itsinability to differentiate Aspergilloma
from brain tumors and other infections.®

Sundaram et al. reviewed pathology of 130 cases of CNSfungal
infections reported in Southern India.* He reported most common
fungal infection in CNS was Aspergillus (56%) followed by
Mucormycosis (30%). Our study revealed similar findingswith
12 (57%) out of 21 patients showed thin branching septate
fungal hyphae, with positive GMS and PAS stain, suggestive
of aspergillosis. Out of these 12 patients, granulomawas found
in 10 patients while 2 patients had only chronic inflammation
without granulomaformation. In high TB burden countrieslike
Pakistan its crucial to differentiate fungal granuloma from
tuberculous. The second most common diagnosis based on
histopathology was zygomycosisin 5 (23.8%) patients. One of
the patients showed mixed infection with Aspergillus and Mucor,
and another revealed Fonsecaea spp. The above mentioned

study showed availability of culturesin only 29% patients,
similar to our study where cultures were available in only 6
patients (28.5%). The reason of low numbers of culture requests
was mainly biopsy done before referral to the ID physicians.*

Our study exhibited that fungal infections invade frontal lobe
of brain in 33% of patients followed by temporo-parietal lobe
in 28% of patients, anterior cranial fossa and cavernous sinus
in 28% of patients and middle cranial fossain 9.5%. None of
the patient had fungal granuloma of posterior lobe and these
findings are same as existing data.'2

Schwartz et al. conducted study on 81 patients of probable or
confirmed CNS Aspergillosis who were treated with
voriconazole.” In this study response (complete, partial and
stable disease) was seen in 50.6% and failure to therapy was
reported in 49.3% of patients. Mortality dueto CNS aspergillosis
was 46%. Neurosurgical intervention was associated with better
outcome.™ In our study treatment for aspergillosis was given
in 14 patients. All patients received voriconazole with mean
duration of 227 +/- 138 days. The duration was determined by
clinical judgement of response (clinical resolution of symptoms
and radiologic improvement). Clinical and radiological response
was seen in 10 (71.4%) patients that was better than the
aforementioned study. Failure of therapy was seenin 3 (28.6%)
patients. Disease progression was seen in one patient who had
gliomatosis cerebri of both frontal lobes. He was advised re-
biopsy but patient was lost to follow up. Three patients (21.4%)
died in this group, that is lower than that reported by Schwartz
et al. Thereason of thisdifference could be the fact that mgjority
of patients included in aforementioned study were
immunocompromised and had undergone organ/stem cell
transplant while in our study most of the patients were
immunocompetent. In our study surgical excision of diseased
tissuewas donein 7 patientsand all of these 7 patients survived,
highlighting that surgical intervention at any time during the
course of illness may cause better survival.

A study done on mucormycosis showed responsein only 37%
of patients with mucormycosisand out of 41 patientswho died,
41 (87%) died due to mucormycosis.”® In our study of CNS
fungal infection other than aspergillosis, combined clinical and
radiological response remained low i.e. 3 out of 7 (42.8%)
patients and failure of treatment was observed in remaining 4
(57.2%) patients. Three patients with treatment failure had
mucormycosis, one of whom died and the other two had disease
progression till their last follow up. Spellberg et al. showed
surgical debridement in patients who had mucormycosis is
related with good outcome®. In our study two patients of
mucormycosis had surgical debridement, and both showed
disease progression. Possible reason of disease progression
could be the treatment interruption in both patients due to
Amphotericin B intolerability, non-access to Posaconazole,
unavailability of liposomal Amphotericin B and additionally
superadded bacterid infection leading to skull-base osteomyelitis
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in one of them. Both of these patients were also diabetics.

Voriconazole was well-tolerated in our population with side
effects seen in only 3 (21.4%) patients, better than existing
literature that reports adverse eventsin 39.5% of patients treated
with voriconazole.”® In our study Amphotericin B deoxycholate
was poorly tolerated with 5 out of 7 (71.4%) patients developing
acute kidney injury at some point requiring intermittent
discontinuation of drug. This is higher than reported
nephrotoxicity of Amphotericin B i.e. 50%.% Studies showed
that liposomal Amphotericin B has better tolerability than non
liposomal Amphotericin B and former is associated with survival
rate of 67% as compared to only 39% with later one.?*?

Conclusion

The results of our study showed that mortality in CNS fungal
infections especially those other than aspergillosis is high.
Consideration to this diagnosis should be made even in
immunocompetent patients presenting with headache, facial
swelling or neurological involvement. Prompt and accurate
diagnosis with tissue biopsy for histopathology and culture
should be attempted as all septate hyphae should not be
considered as a confirmed diagnosis of aspergillosis and
voriconazole may not be the best option in such cases. Early
treatment should be done to avoid disease progression and
mortality. Drugswith better tolerability (Liposomal Amphotericin
B and Posaconazole) are required to be available at low cost.
Surgery should be opted as a treatment option, of CNS fungal
infections, wherever feasible.

Limitations

This study has various limitations including use of retrospective
data and lack of availability of culture data since in many
instances the patients were referred to us after surgery and only
histopathology was available.
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