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A B S T R A C T

Intrathecal amphotericin B deoxycholate (AmB-d) can be prescribed as an adjunct to systemic therapy for severe
or recalcitrant cases coccidioidal meningitis. Recently intravenous (IV) Liposomal amphotericin B (L-AmB) has
been recommended as monotherapy therapy for refractory coccidioidal meningitis based on its advantages over
(AmB-d), however, its intrathecal use has not been reported. Moreover, there is nothing in the literature
quantifying clinical improvement with objective laboratory data in human patients. Consequently, there are no
guidelines on how to monitor regularly for improvement of coccidioidal meningitis with treatment of intrathecal
L-AmB. The present case addresses both of these. We report intrathecal use of L-AmB for refractory coccidioidal
meningitis. Our data demonstrate that there is a correlation between clinical improvement and a decrease in
cerebrospinal fluid (CSF) white blood cells (WBC’s), protein, and coccidioidal titers with treatment of intrathecal
L-AmB with serial collection of CSF studies at the same site, in our case via collection through an external
ventricular drain (EVD). As a result, one may postulate that serial CSF collection can be used to monitor the
treatment of coccidioidal meningitis; however this case also addresses the risk of developing ventriculitis with
sustained EVD placement.

1. Introduction

Coccidioidal meningitis is a rare and lethal complication of cocci-
dioidal infection resulting in death in 95% of patients within two years
if left untreated. This is further complicated by not only delayed
treatment as diagnosis is not often straight forward, but also by patients
who are refractory to standard therapy.

Treatment guidelines for coccidioidomycosis recommends flucona-
zole 400mg PO daily for patients not severely ill but can go up to
800mg or 1000mg daily [1]. Patients on long-term triazole therapy
may experience refractory or relapsing disease even with documented
compliance. These cases can become challenging to manage due to
disease severity and lack of substitute treatment options. Therefore, for
such cases guidelines suggest that intrathecal amphotericin B deox-
ycholate (AmB-d) can be used in addition to fluconazole with dosing
ranging between 0.01mg and 1.5 mg per dose daily to weekly, starting
at a low dose increasing until intolerance appears, and it can be given

either through the cistern or ventricles. However, there are no specific
guidelines suggesting an end goal to therapy including recommenda-
tions on what to look for diagnostically to evaluate for improvement
with treatment [1].

Previously amphotericin B treatment in rabbit models has shown
benefits of both IV liposomal amphotericin B (L-AmB) and amphoter-
icin B lipid complex as options to treat coccidioidal meningitis with
clinical improvement along with a decrease in coccidioidal colonies
seen in treatment groups versus control groups [2]. Recently IV L-AmB
monotherapy therapy has been reported for refractory coccidioidal
meningitis, offering a potential additional treatment option for relapsed
or disease not responding to chronic triazole therapy [3]. However, the
intrathecal use of L-AmB for severe or recalcitrant coccidioidal me-
ningitis cases has not been established. Here the authors share their
experience of successfully treating a case of coccidiodal meningitis re-
fractory to oral fluconazole therapy with intrathecal L-AmB as well as
trending serial cerebrospinal fluid (CSF) samples at the same site, via
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collection through an external ventricular drain (EVD) to evaluate and
guide with the treatment.

2. Case report

A 44 year old man with past medical history of coccidioidal me-
ningitis diagnosed almost two years earlier, compliantly taking fluco-
nazole 400mg daily presented to us with persisting headache, wor-
sening mental status, and seizures; symptoms suggesting persisting
coccidioidal meningitis refractory to scheduled 400mg fluconazole.
The patient was found to have hydrocephalus on a brain CT so an EVD
was placed (Fig. 1).

Infectious Disease was subsequently consulted and the patient’s
fluconazole was increased to 800mg daily. Despite improvement in
hydrocephalus and a higher dose of fluconazole, symptoms were not
significantly improved. Hence, it was decided that patient would sub-
sequently receive 1.5 mg amphotericin injections through his EVD with
serial CSF analysis prior to each injection in hopes of improving his
symptoms as well as his CSF profile (Table 1). Fluconazole 800mg was
used daily ever since admission until discharge in addition to

intrathecal L-amb that was given every 2–3 days. L-AmB was preferred
over deoxycholate amphotericin B because of its less nephrotoxicity and
multiple advantages over AmB-d.

Patient became more stable with significant improvement in mental
status while receiving amphotericin B injections over the course of 6
weeks and our plan at the time was to have an Ommaya reservoir
placed for continued regularly-scheduled L-AmB injections with close
follow up of neurological status and CSF studies as an outpatient via
serial lumbar punctures. Unfortunately, the patient developed ven-
triculitis after prolonged EVD placement for almost two months and as
a result, the EVD was promptly removed and the patient was no longer
a candidate for Ommaya reservoir placement. A CSF sample was
thereafter collected from a lumbar puncture with the content of the
study being noticeably vastly different from that of CSF previously
collected from the ventricles. The patient was subsequently discharged
after the ventriculitis was treated on fluconazole 800mg orally daily
and has remained free of relapse since 2 years. The lumbar CSF was not
retested because he was lost to follow up for 2 years and was recently
seen in the clinic with no history of relapse during this period.

3. Discussion

Although IV AmB-d is effective in many CNS fungal infections it has
not shown to be as efficient in the treatment of CNS coccidioidal in-
fections [1]. However, it can be prescribed intrathecally as an adjunct
to systemic therapy for the treatment of severe or refractory CNS coc-
cidioidal cases. The intrathecal administration of AmB-d requires con-
siderable expertise and the patient tolerance also varies. On the other
hand L-AmB offers numerous advantages over AmB-d in the treatment
of aggressive CNS mycoses. Compared to AmB-d, the L-AmB formula-
tion has been found to achieve high concentrations in the re-
ticuloendothelial system, attain higher blood concentrations and a
higher mean area under the curve [2,3]. It exhibits better pharmaco-
kinetics and decreased clearance compared with other lipid prepara-
tions and has been found to be less nephrotoxic than AmB-d [4].
Moreover, L-AmB formulations are cost- effective, have fewer infusion-
related reactions, better CNS penetration and have demonstrated to be
more effective for treatment of various fungal infections than AmB-d 4]
However there is not much literature available on the safety, efficacy,
or tolerability of L-AmB in the treatment of coccidioidal meningitis.

The treatment of coccidioidal meningitis with L-AmB was shown to
improve morbidity and mortality significantly in rabbits [2]. This can
be attributed to the fact that lipid formulations have the capability to
easily infiltrate monocytes and be carried to the infection site thus
raising the local concentration of amphotericin B [2]. Stewart et al.

Fig. 1. CT head performed after EVD placement for hydrocephalus which was
on hospitalization day two. Catheter placement and ventriculomegaly are seen.

Table 1
The data reflects the CSF content, showing no significant downtrend in any parameters except for percentage in lymphocytes after increasing oral fluconazole from
400mg daily to 800mg daily for two weeks. However, there was a significant downtrend in WBC, RBC and protein levels after intrathecal amphotericin was
administered for approximately 6 weeks. Immediate uptrend in WBC and protein after onset of ventriculitis was observed. Notice the lumbar puncture sample after
removal of EVD and treatment of ventriculitis reflects a distribution much different than that collected from the EVD.

Timeframe of CSF Week 1 Week 3 (Increase Flucanazole) Week 9 (Intrathecal Amphotericin) Week 9 (After Ventriculitis) Week 10 (LP Sample)

WBC 186 301 0 90 97
RBC 1122 3914 10 1 170
Lymphs (%) 76 19 0 5 41
Glucose 45 37 48 <20 91
Protein 2152 1967 146 439 >3000
IgG 9.7 NC 0.2 0.4 2.6
IgM NC NC 0.2 0.4 2.6
Coccidiodies Ab Quant 1:32 NC 1:32 1:16 1:8
CSF Culture Negative Negative aLight Corynebacterium striatum bRare Corynebacterium striatum Negative

NC=not collected.
LP= lumbar puncture.
IgG/IgM= total IgG/IgM not EIA anti-coccidioidal IgG/IgM.

a Light Corynebacterium striatum= light growth of Corynebacterium striatum.
b Rare Corynebacterium striatum=rare growth of Corynebacterium striatum.
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successfully treated two patients with drug refractory coccidioidal
meningitis using IV L-AmB monotherapy, demonstrating an additional
option for salvage of recalcitrant coccidioidal meningitis cases [3].
Before our case intrathecal use of L-AmB as a treatment option for
coccidioidal meningitis has not been examined. Our decision was based
on the non-improving condition of our patient along with less toxicity
and advantages of L-AmB over AmB-d.

Serial CSF studies, from when amphotericin injections were first
initiated until right before the patient developed a complication from
ventriculitis, reflected an overall downtrend in WBC’s, RBC’s and pro-
tein level, which are suggested to be the most important CSF para-
meters, especially WBC. The patient was correspondingly observed to
have an overall improvement in neurological status along with im-
provement of hydrocephalus. In the literature regarding treatment of
coccidioidal meningitis in rabbit models, it was similarly demonstrated
that treatment with amphotericin B resulted in decrease in WBC’s as
well as clinical improvement [2]. As decreasing WBC’s correlated with
decreasing fungal colonies in animal models, one may infer that there
was also a reduction in fungal colonies in our patient when his WBC’s
decreased. In accordance, our patient’s coccidioidal titers, which have
previously been reported to be a good diagnostic tool for coccidioidal
meningitis [5], were also observed to downtrend from 1:32 to 1:8
throughout his hospital stay. In review of the data (Table 1), one could
also infer that the trend in RBC’s and protein could be indirect markers
that may reflect the clinical status of someone with coccidioidal me-
ningitis, noting that the trending of RBC’s have not been reported in
previous case reports or guidelines as a tool for clinical correlation.

Although our case showed that having an EVD in place makes it
much easier to draw CSF as well as inject amphotericin B, it never-
theless serves as an entry point for infection and unfortunately, after
being in place for almost two months, our patient did indeed develop
ventriculitis. One way to combat this is to consider placing an Ommaya
reservoir and remove the EVD as soon as possible, which was con-
sidered in our case, but was unfortunately planned for the day following
onset of ventriculitis. A downside to this would be that it would make it
more difficult to trend CSF labs regularly. One could make an effort to
draw CSF regularly through repeated lumbar punctures although the
content of the samples will likely be very different from that obtained
from the ventricles, as reflected in the rabbit studies [2]. Toward the
end of this admission, we collected a sample from a lumbar puncture
after the EVD was removed due to ventriculitis and the content was
very different from that seen in our serial CSF studies from the

ventricles. This could be explained by the ventriculitis altering the CSF
content but could be attributed to the different distribution of CSF
content in the lumbar region versus the ventricles, a phenomenon that
was also seen in the rabbit studies. Hence, it is important that when
trending serial CSF studies that the content be collected from the same
region, whether it be from the ventricles or the lumbar spine.

4. Conclusion

Our case demonstrates intrathecal L-AmB as a valid treatment of
choice for coccidioidal meningitis refractory to oral fluconazole. This
case very closely reflects the results seen in rabbit models in terms of
both CSF analysis as well as clinical improvement, suggesting that serial
CSF content specifically WBC and coccidioidal titers can be used as a
tool to monitor for clinical improvement.
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