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Background. Mucormycosis involves life-threatening rapidly progressive angioinvasion with infiltration across tissue planes,
resulting in necrosis and thrombosis, most commonly seen in the setting of immunocompromised states. We describe 2 cases of
isolated cerebral mucormycosis in immunocompetent adults and describe this syndrome in detail in the context of a systemic liter-

ature review.
Methods.

Using the criteria (1) isolated cerebral disease, (2) mucormycosis (by polymerase chain reaction, culture, or pa-

thology), and (3) affected an immunocompetent individual, we identified 53 additional cases from 1969 to 2020.

Results.

Of these 55 cases, ~60% occurred in men, >70% were in patients under age 35, 92% were associated with intravenous

drug use, and >85% had infection centered in the basal ganglia. Many presented with cranial nerve deficits, headache, focal weak-

ness, or altered mental status.
Conclusions.

No patient survived without amphotericin, and steroid administration was associated with worse outcomes. Given

the current opioid crisis, this syndrome may be seen more frequently.
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Rhizopus, Rhizomucor, Mucor, and Absidia belong to the
Mucorales order of environmental fungi and are identified by
their characteristic broad-based aseptate hyphae. Although
Mucorales can often be cultured from the oropharynx and stool
of healthy individuals, they can also cause rapidly progressive
angioinvasion with infiltration across tissue planes that results
in necrosis and thrombosis and is life-threatening [1].

Mucormycosis most commonly occurs in the context of
acute myeloid leukemia (or other hematologic malignancies),
severe neutropenia, graft-vs-host disease, diabetes, or end-
stage renal disease on dialysis and use of iron chelators (eg,
deferoxamine). The various mucormycosis syndromes (dissem-
inated, rhinocerebral, pulmonary, cutaneous, gastrointestinal,
and isolated cerebral disease) differ in predisposing conditions
and prognosis.
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We define isolated cerebral disease in immunocompetent
adults as a syndrome fulfilling 3 criteria: (1) isolated cerebral
localization (infection in cerebellum, cerebral hemispheres, or
brainstem, without direct extension to sinuses or cranial bones
and without involvement of other organ systems); (2) Mucorales
identified as pathogen by positive culture, polymerase chain
reaction (PCR), or characteristic broad-based aseptate hyphae
on pathology from brain biopsy or autopsy sample; and (3)
host is immunocompetent without hematologic malignancy
or rheumatologic disease, diabetics in DKA, or receiving
immunosuppressing medications, including chronic steroids.

In individuals with diabetes, particularly in the presence of
ketoacidosis, disease due to mucormycosis is most commonly
the rhinocerebral form, due to direct invasion of the central
nervous system (CNS) through the sinuses [2]. Individuals with
no underlying condition are most likely to present with cuta-
neous mucormycosis, often following trauma, but can present
with cerebral disease, including rhinocerebral, sinus/sino-
orbital, or isolated cerebral disease [2]. Isolated cerebral dis-
ease, with a focus most commonly in the basal ganglia, is due to
hematogenous seeding following intravenous inoculation and,
among immunocompetent individuals, is an important pres-
entation. The vast majority of the published cases of isolated
cerebral mucormycosis are associated with injection drug use,
making this a critical component of the social history, particu-
larly given the current opioid crisis.
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We describe 2 cases of isolated cerebral mucormycosis in
immunocompetent patients and perform a systematic review,
identifying 53 cases in the published literature. We present a
thorough synopsis of this syndrome, focusing on associated
risk factors, presentation, diagnosis, microbiology, treatment,
and outcomes.

CASE REPORTS

Case1

A 53-year-old man with a long history of intermittent intrave-
nous drug use who had been treated for poorly differentiated
squamous cell carcinoma of the neck presented with acute
mental status alteration, confusion, agitation, and tonic-clonic
movements, without headaches.

The patient was febrile to 38.5°C and hemodynamically
stable. He was alert but unable to follow commands and had left-
sided ptosis and intermittent involuntary movements of his left
arm. Initial laboratory studies showed a mild leukocytosis and
normal serum creatinine, electrolytes, and liver transaminases,
and negative HIV test (Table 1). Toxicology was positive for co-
caine, opiates, and benzodiazepines. Brain imaging showed an
infiltrative mass involving the right basal ganglia (Figure 1A,
B). Cerebral spinal fluid (CSF) examination showed 83 nucle-
ated cells (reference range, 0-5/pL) with 31% neutrophils, 47%
lymphocytes, and 22% mononuclear cells, normal glucose, and

Table 1. Initial Laboratory Values

Initial Lab Investigations Case 1 Case 2

White blood cell count (ref range, 4.5— 15.51 15.44
11.0 K/uL), K/pL

% neutrophils 91.7 876

Hematocrit (ref range, 41.0-53.0%), % 35.8 22.5

Platelets (ref range, 150-400 K/ulL), K/uL 389 403

Serum sodium (ref range, 136-145 mmol/L), 133 140
mmol/L

Serum bicarbonate (ref range, 26 10
20-31 mmol/L), mmol/L

Serum creatinine (ref range, 0.50-1.30 mg/ 0.60 15.04
dL), mg/dL

Venous pH (ref range, 7.32-7.42) N/A 714

HIV 1/2 Ab/Ag Negative Negative

CSF RBC count (ref range, 0-5 /ul), /uL 4 61

CSFWBC count and differential (ref range, 83 (31% PMNs, 1 (61%
0-5/uL), /uL 47% lymphs) lymphs)

CSF glucose (ref range, 50-75 mg/dL), mg/dL 50 71

CSF protein (ref range, 5-55 mg/dL), mg/dL 81 30

CSF HSV 1/2 PCR Negative Negative

CSFVzV PCR Negative Negative

CSF adenovirus PCR Negative Negative

CSF enterovirus PCR Negative Negative

CSF culture Negative Negative

Abbreviations: Ab, antibody; Ag, antigen; CSF, cerebrospinal fluid; HIV, human immunode-
ficiency virus; HSV, herpes simplex virus; PCR, polymerase chain reaction; RBC, red blood
cell; WBC, white blood cell; VZV, varicella zoster virus.

elevated protein (81 mg/dL; reference range, 5-55 mg/dL). CSF
nucleic acid-based testing for herpes simplex virus 1 and 2 and
other viruses was negative.

Given a high concern for metastasis of the prior cancer, dex-
amethasone was started. Simultaneously, out of concern for an
infectious process, acyclovir, ceftriaxone, metronidazole, and
vancomycin were also initiated.

Over the next few days, the patient’s mental status declined,
and he required intubation for airway protection. New brady-
cardia raised concern for increasing intracranial pressure, and
mannitol was provided. Interval imaging showed progression
of the basal ganglia lesion now involving the contralateral side
(Figure 1A, B). A stereotactic brain biopsy revealed aseptate
hyphal organisms consistent with Mucorales spp. by calcofluor
and histopathology (Figure 1C, D). Liposomal amphotericin B
(LAmB) was started; however, given worsening episodes of hy-
pertension and bradycardia, the family transitioned the patient
to comfort measures, and the patient passed quickly. Culture of
the brain biopsy subsequently grew Rhizopus species.

Case 2

A 37-year-old man with a history of intravenous fentanyl use
presented with 1 week of right-sided hemiparesis, dysarthria,
and right facial droop, without headaches or fevers. He was in-
itially afebrile and hemodynamically stable. His labs showed a
mild leukocytosis, with markedly elevated BUN (120 mg/dL;
reference range, 9-23 mg/dL) and serum creatinine (15.04 mg/
dL; reference range, 0.50-1.30 mg/dL), a markedly low serum
bicarbonate (10 mmol/L; reference range, 20-31 mmol/L),
and normal liver function tests (Table 1). A venous blood gas
showed a pH of 7.14, confirming acidemia. Urine analysis
showed nephrotic range proteinuria.

Brain imaging showed a left basal ganglia mass with re-
stricted diffusion and surrounding edema. CSF examination
revealed 61 red blood cells/mL, 1 nucleated cell (61% lymphs),
and normal glucose and protein (Table 1). Initial treatment
was vancomycin, cefepime, and metronidazole for presumed
bacterial brain abscess and a bicarbonate drip for acidemia.
On day 3, repeat brain magnetic resonance imaging (MRI)
showed features of probable microhemorrhage within the le-
sion (Figure 1E), raising concern for mucormycosis. The patient
developed progressive word-finding difficulty, lethargy, dysar-
thria, and seizures. Antifungal agents (LAmB, micafungin, and
posaconazole) were added to the regimen, and stereotactic
brain biopsy revealed broad-based aseptate hyphae consistent
with Mucorales spp. (Figure 1E G). Fungal cultures did not iso-
late fungi, but PCR-based analysis of the biopsy (University of
Washington) was positive for Rhizopus oryzae.

A kidney biopsy showed systemic amyloid A amyloidosis,
thought to be related to longstanding injection drug use [3].

The patient completed 4 weeks of 3-drug therapy with
posaconazole, LAmB, and micafungin, followed by 3 weeks
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Figure 1.

Diagnostic data. A-D, Case 1. Day 2 brain MRl axial FLAIR (A) and diffusion-weighted (B) images. Fungal forms seen on media by calcofluor-white stain (C) and

hematoxylin and eosin—stained histology (D) from brain biopsy. E-H, Case 2. Day 3 (E) or 1 month later (H) brain MRI axial FLAIR images; insets, diffusion-weighted images;
arrows, micro-abscess. Fungal forms on periodic acid-Schiff-stained (F) and silver-stained (G) histology from brain biopsy. Abbreviations: MRI, magnetic resonance imaging;

FLAIR, fluid-attenuated inversion recovery. Size bars, 50 um.

of 2-drug therapy with posaconazole and intravenous (IV)
LAmB then de-escalation to posaconazole alone, which he con-
tinues currently, 15 months after diagnosis. Serial brain MRIs
have shown gradual improvement over time, with decreased
T2 intensity and reduced edema and mass effect (Figure 1H).
Residual neurologic deficits are a slight right facial droop and
mild right-hand weakness.

METHODS

A systematicreview the literature was performed using key words
“isolated cerebral mucormycosis,” “brain mucor,” “isolated cere-
bral phycomycosis,” “basal ganglia zygomycosis,” “cerebral phy-
comycosis heroin,” “cerebral mucormycosis IV drug use,” and
a conditional search of [(“mucormycosis” or “zygomycosis” or
“Mucor” or “Absidia” or “Rhizopus” or “Rhizomucor”) and ei-
ther (“primary” or “isolated”)] in PubMed. Additional studies
were identified by reviewing the reference lists of the papers
identified in PubMed.

Cases were defined as adults meeting all 3 of the following
criteria: (1) isolated cerebral disease, (2) mucormycosis, and (3)
affecting an immunocompetent host. Patients were considered
to have “isolated cerebral” disease when the infection only in-
volved the brain tissue (cerebellum, cerebral hemispheres,
or brainstem), without direct extension from the sinuses or
other cranial bones or related to trauma or prior cranial sur-
gery and without infection of other body sites (lungs, kidneys,
skin, etc.). Mucormycosis was defined as a culture, molecular,
or histopathologic diagnosis identifying an organism from the
Mucorales order of fungi. Molecular diagnosis included PCR
and next-generation sequencing. Histopathology that showed

characteristic broad-based aseptate hyphae was also considered
diagnostic.

Patients were considered immunocompetent if they were not
on immunosuppressing medications (including long-term ster-
oids), did not have diabetes, and did not have a history of he-
matologic malignancy or rheumatologic disease. Accordingly,
patients with these conditions or who were on immunosuppres-
sive medications, including long-term steroids, were excluded
from our analysis even if they were included in other reports.
Patients with HIV were included regardless of CD4 cell count, as
HIV infection is not considered a risk factor for mucormycosis
[4]. One small series of potential cases was excluded due to in-
sufficient detail on the presentation, diagnosis, and treatment
course of the patients. Papers not written in English were also
excluded.

Details about each of the cases that met the inclusion cri-
teria were collected and tabulated (Tables 2-4). Specifically,
we sought to describe the presenting syndrome including the
duration and type of symptoms and whether cranial nerve
deficits were present. We detail how the diagnosis was made and
whether the patient had HIV infection, and we list the treat-
ments the patients received, including antifungal agents, ster-
oids, and surgical procedures. Finally, we describe the clinical
outcomes and, where possible, the duration of survival and the
long-term functional status of the survivors at the time of the
publication using language from the reports.

RESULTS

We identified and reviewed 790 publications. The most common
reasons for exclusion from this review were (1) cases did not
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represent isolated cerebral disease (384); (2) duplicate studies
(102); (3) a host that did not meet the study criteria, either im-
munosuppressed including due to diabetes or animal studies
(101); or (4) not written in English [39]. Some studies were ex-
cluded for multiple reasons. Six studies were excluded because
the subjects were children. One study was excluded because it
lacked sufficient detail about the clinical course, treatment, or
diagnosis. Initially included were 32 papers; after reviewing the
reference lists of these 32 papers, an additional 11 papers were
identified. From these 43 papers, 53 cases of isolated cerebral
mucormycosis in immunocompetent adults were identified.
With the 2 cases presented here, a total of 55 distinct cases of
isolated cerebral mucormycosis in immunocompetent adults
were analyzed.

Among the 55 individuals, 34 (61.8%) were men (Table 2).
Age ranged from 20 to 53 (mean, 31.1) years old, with 38 of 54
(70.4%) under age 35 (note 1 individual was listed as “young”
without an age indicated). The most commonly reported pre-
senting symptoms were headache (29/55, 52.7%), fever (26/55,
47.3%), focal weakness (18/55, 32.7%), and altered mental
status (14/55, 25.5%). Cranial nerve deficits were present in at
least 28/55 (50.9%) individuals.

Injection drug use was common, reported in 92% of cases
where drug use was queried (46/50 cases for which IV drug use
history was assessed) (Table 3). Five cases were in individuals
who were HIV positive, although 12 cases were reported before
1986, the year testing became widely available.

In 47 cases (85.5%), basal ganglia involvement was explicitly
stated, and 4 cases (7.3%) involved ventricular infection, gen-
erally with obstructing hydrocephalus. In 31 cases (56.4%), di-
agnosis was made by biopsy, most often stereotactic; in 4 cases,
diagnosis was made on samples obtained at the time of ven-
tricular drain placement; in 18 cases, diagnosis was made at
autopsy. In 37 cases (67.3%), diagnosis was made by histopath-
ological finding of aseptate hyphae. In several cases, culture,
PCR, and next-generation sequencing were used.

The survival rate for patients receiving AmB was 54.1% (20/37),
and for patients not receiving AmB it was 0% (0/18) (Table 4).
The survival rate for those receiving AmB and steroids was 46.2%
(6/13), and for those receiving AmB without steroids it was 58.3%
(14/24). The clinical course in those who died tended to be more
fulminant, with shorter presentation-to-diagnosis rates. Among
those who died, 29/35 presented with less than a week of symp-
toms, whereas among those who survived, approximately half
had symptoms for a week or longer before diagnosis.

Although excluded for the purposes of this review, it should
be noted that similar presentations were seen in other hosts, in-
cluding individuals with diabetes [49]. One case was reported
in an individual with poorly controlled diabetes and severe
Crohn’s disease who was receiving infliximab and injecting
drugs [50]. One additional case in the literature that deserves

mention describes a strikingly similar clinical syndrome due to
Acremonium alabamensis (a non-Mucorales fungus) [6].

DISCUSSION

Isolated cerebral mucormycosis in immunocompetent adults,
defined as infection with Mucorales species (demonstrated
by pathology, culture, or molecular testing), isolated from the
brain only, in an immunocompetent host without diabetes, is
a rare entity. In our review of 53 previously reported cases in
the literature and 2 new cases described here, injection drug
use was a prominent feature, present in 92% of cases for which
it was assessed. The strong association with injection drug
use is almost certainly because it facilitates hematogenous in-
troduction of the mold. The increasing prevalence of people
who inject drugs is associated with significantly higher rates
of hospitalizations for infections related to injection drug use
[51-53]. In the context of the current opioid epidemic, we an-
ticipate that many more cases of cerebral mucormycosis will be
recognized in the years ahead. An epidemic curve showing the
reported cases plotted over time (Figure 2) suggests increased
numbers of cases between 1980 and 1995 and again since 2005,
although reporting bias limits conclusions that can be drawn
from this.

The disease appears to be one primarily of young adults, with
>70% of individuals reviewed here under age 35 at the time of
diagnosis. Headache, fever, focal weakness, and altered mental
status were all commonly reported. More than half had cranial
nerve deficits reported at the time of presentation.

That more than 85% had infection centered in the basal gan-
glia is quite notable. Basal ganglia brain abscesses are unusual;
in a meta-analysis of nearly 10 000 cases of brain abscesses,
basal ganglia localization occurred in only 3% [54]. Moreover,
fungal etiologies account for only 1% of all brain abscesses [54].
The observed association of Mucorales spp. with the basal gan-
glia may result from the predilection of the organism for the
brain; as early as 48 hours after injection of Absidia ramosa
spores into the tail vein of mice, hyphae were seen in the brain
and kidney [55]. This predilection for the basal ganglia has been
hypothesized to be due to the high iron content of this tissue,
as germination of Rhizopus spp. spores requires free iron [50,
56]. Brain abscesses due to Listeria monocytogenes, another
organism that requires iron for virulence, are also commonly
found in the basal ganglia [57, 58]. In addition to the basal gan-
glia, localization of Mucorales infection to the ventricles, with
associated obstructive hydrocephalus, was reported in several
cases. Whereas the differential diagnosis for inflammatory le-
sions of the basal ganglia is broad, aggressive Mucorales spp.
infection should be considered.

Approximately half of those who survived presented
subacutely, reporting symptoms for at least a week or more,
whereas among those who died, the vast majority (>80%)

4 « OFID « Meyerowitz et al



861/19] SAJIBU UigL AM L ayoepesH 4/€z [4%
z861/|[vel euyuesAqg sheq SSauyraM papIs-Ya| ‘ayoepeay aienss ‘AbieyieT N/LZ 1
Z861/107] ajdiynin sheg SYoepESY PUE SSBUMESM PBPIS-YS| USPPNS N/LT o
0/61/[6€] adiynin Aep | 198} ‘MOj[BMS O} 8|geun ‘Sniels [elusul palal|y N/ZE 6¢
6961/[8¢] [BALLIE UO poasesda(] |eALLI_ UO peap se awoJpold Jesjoun |eALLle U0 pea( /T 3¢
810z/ILEl dooup |ejoey 4¥9SUO MBN, 8yoepesy ‘sssuxesm papis-yaT] /e LE
£00Z/19€] Vv/N 10dal Ul UoIIeWIOMUI UO Paseq Jesjoun awolpold ,,SHol4ep 2160j0INBU pue JansS,, 4/z22 9¢e
900z/I€] QUON sheq 1BAB) 'SIUBWUBAOW DIUO|D-01UO| IN/61 Ge
7661L/[7€] adnniy sheQ BLIYLIESAD 'Ssaudeam papis-1ybL ‘syoepes 4/ze ve
7661/[7€] SNIBU Y1/ SINoH ayoepesy ‘s||iyd Ians) ‘sayoy/ N/LE €e
661/7E] aAIBU Y1/ sheq BuWOA ‘eyoepesy ‘SIUBWIBAOW JIUOJD-OIUO| 4/12 z
G861/c€] SOAJIBU U1/ pue Y19 sheq BuIlIWOA ‘BOSNRU ‘BYOEpERSAY ‘19AS4 4/92 Le
0z0z/zel aAIBU Y1/ sheq BUILILWOA ‘BOSNRU ‘BUdEpEaY ‘19AS N/LZ [0}
910z/L€] paiiodal suoN paJalje ul 1ybnoiqg 81048q SAED {7 [BLIOU USSS 1SET SN1e1s |elusW palsly N/EY 62

L10Z/10€] SAIBU Y3L SInoH Buniiem AYnoiyip ‘sypepesy aleres IN/ZT 8¢
1002/162] paiiodal suoN sheq SSaUXBaM PapIS-1a| ‘UOISNIUOD ‘BydepesH /YT /2
§00z/182] QUON Aep | S|IIy0 4ensy ‘ayoepea IN/.Bunop,, 14
0002/1.2] QuoN 19SUO 91Ny 18N8} ‘ayoepeay ‘ABieyls| ‘sseudeam papis-1ybiy 4/e€ Gz
8861/,197] paLodas suoN sheQ ,9S01eWoy,, IN/GZ 174
8361/[52] paliodal suoN |eALLIe UO ©S01BWOD Se auloipold Jesoun JoA8} 'SNOIOSUODUN 4/e2 ford
8361/[52] paiiodal suoN |eALLIe UO palalje 1uaied se swolpold Jesjoun UOI1BIUBLIOSIP 1one N/LZ 44
2861/1v2) paiiodal suoN SINOH BuILWOA ‘ayoepesay a1anss ‘ABleyla IN/8T 1z
661/[£2] paiiodal suoN sheq uoISNJUOD ‘ayoepeay ‘1ena- 4/62 0Z
z661/122) aAIBU Y3/ UoISSIUIpPE Joye ow g< pasoubelq SSsauyeam papIs-1ybli ‘uoisniuo) 4/e5 6l
Le6L/pLe] SUON (UoISSIWPE U0 PBIUBLIoSIP) UMOUNUN 1ons) ‘eIxely N/YE 8l
0661/102] SaAIBU UIZ| pue YiL M | abueyo yosads ‘ayoepesy J/Le LL
0661/[61] payodal suop sheq 19A8} ‘BUlILIOA ‘ayoepesH IN/9Z 9l
6361/81] paliodal suoN sheq ssau||l 8YI|-N|} 18AS} ‘SNielS [elusW PaIdly /Y gl

0zZ0z/(Apn1s siy]) BAIBU U1/ + BUYLESAQ sheq elyuesAp ‘doolp |eloe) pue ssauyeam papis-1ybiy IN/LE ¥l
610¢/ILL] SUON sheq uolsnjuod ‘ayoepesy J/ge €l
/102/I91] pauodal suoN UoISSIWPE Jale M < pasoubelq aAlsuodsaiun /O zl
010z/:IS11 SAIBU Y11 ow z1-6 Alqissod 9oue|eq BulussIop) /ey Ll
800Z/It7L] pelodal auoN IM Z< SSaUXeaM PapIS-1a| ‘IeAs} ‘ayoepeaH Elra7 oL
£002Z/IEL] peyodal auoN sheQ J9A8} 'snie1s [eluaW paely 4T 6
9661/121] anIBU UYIL sheq ssauxeam papis-ya| ‘elylesig 4/0e 8
661/0L1] EISEIVRNYA IM Z 11e6 Apealsun ‘ayoepesy ‘yosads paun|s ‘ssaudeam papis-1ybiy IN/8Z /
2661/10L] adimniy AMe ssaueam papis-1ybi ‘eyoepesH IN/8Z 9

6361/6] eibeydsAp/euyriesig SWOLAWAS JO M £< swoldwAs ueluosued N/YZ (c]

3861/[8] poliodal sUoN sheq J1an8} ‘ayoepesH 4/02 ¥

9861/[/] SOAIBU PIE PUE Y19 ¢ Aep |endsoy uo pasoubeiq yosads paun|s ‘s||Iyo ‘1ona4 1/vZ e

861/19] oAlou Yiz| sheq BuIWOA ‘snuibelsAu ‘0BI1IeA |euOIlISOd N/ZE z

0861/[g] paiiodal suoN SYeaM |elones JaA8y} 'ayoepeay ‘SNiels [elusw paus|y 4//€ L

1B8A/204N0S Ayledoinsp [elues) sisoufelq 0} swoldwAS JO 18suUQ WOol4 audl| swoldwAg Bunusseld x9G/eby "ON &se)

uonejuasald [eatu) 'z a|qel

Systematic Review of Isolated Cerebral Mucormycosis « OFID « 5



[zl Asdoigy/(einynd) snziy.ue sndoziyy BaN elbueb |eseq Yo uloJaH N/VE 8l
[02] Asdoiq onoelosisls/oeydAy arerdesy SOd elbueb |eseq Yo auleo0) 4/1€ yan
611 uoneldse/(einynod) eezA1o sndoziyy £V el|bueb |eseq 1ybiy saulwelaydwy IN/9Z 9l
[81] Asdoiq onoejoaiels/oeydAy alerdasy £V elfueb |eseq |elale|lg spioido pue suleo0) /Tt Gl
(Apnis siy]) Asdoiq ulelq 21108108.81S/(4Dd) 8ezA10 sndoziyy BoN ellfueb |eseq Yo |Auelue N/LE Pl
[£L] Asdoiq urelqg/(einyno) *dds sndoziyy LN elbueb |eseq |eidle|lg aujwelaydweyia|n 4/£2 el
[9L] Asdoiq uleiq 01308108191S/(4Dd) 8ezAi0 sndoziyy BoN eljbueb |eseq yo pai1oads Jayiny 10U ‘NAAI N/OY zl
[S1] Asdoiq uado/eeydAy a1eidasy BaN aieydsiwey Je|[egaisd Yo paiyioads Jayuny 10u ‘NAAI N/EY m
1] Asdoiq onoejoaieis/oeydAy arerdasy BaN elBueb |eseq 1ybiy palyioads Jayuny 10U ‘NAAI 4/2v ol

[eL] Asdolq uleiq 21108108.81S/(4Dd) Snziy.Lie sndoziyy BaN eljbueb |eseq by uloleH 4/vT 6

[21] Asdoiq ulelq onoejoalsls/eeydAy eierdesy SOd el|bueb |eseq Yo pal10ads Jeyiny 10u ‘NAAI 4/0¢€ e}

[LL] Asdoiq ulelq onoejoalsls/eeydAy eierdesy BaN el|bueb |eseq Yo pai10ads Jeyinyg 10U ‘NAAI IN/8Z [

[0L] Asdoiq onoeloaials/(einynd) “dds sndoziyy V/N elbueb |eseq Yo pai0ads Jayiunyg Jou ‘NAA| IN/8Z 9

[6] Asdoig/eeydAy e1erdasy BaN elbueb |eseq |eiole|lg UIBO0D puUe UloJoH N/¥Z (o]

[8] Asdoiq urelg/eeydAy ererdesy V/N elbueb |eseq Yo paiels 10u Aloisly asn BniQg 41/02 %

[£] Asdoiq ulelg/eeydAy arerdesy V/N wials ulelg aulweuus|adil pue au1d0zeiuad 1T e

[9] Asdoiq/(suieisounwiwll) eipisqyy/sndoziyy V/N eljbueb |eseq by 8UIRD0D pUE UI0JoH IN/ZE z

[g] poaoe(d ulelp Jole wexs 4S)/eeydAy elerdesy V/N sn|eydad0IpAy 9A11ONIISCO BUISNED UOITO8)UI JBINDLIIUSA paiels 1ou Aloisly asn Bniqg 4//€ L
90IN0S paulelqQ Jeuueln/(poyielN) sisoubelq gy AIH UOI1084U| 4O UOI1eZI[E00T] adA] Brug Al X95/0by "ON ose)

sisoufeiq pue s10)oe4ys1y ‘¢ ajqeL

“(S)UIUOW O (S)}98M "M ‘Blew ‘| ‘ojews) 4 1SUOneIAIgqqY

0z0z/(Apnis siyy) elyuesAg sheq J8A8} 'SIUBWIBAOW DIUO[D-0IUO] ‘SN1ELS [elUsW palal|y IN/EG ele]
£002/19€] VIN |Indy L Holyep difojoinau 81ndy, d/e S
8861/[87] paLodal sUoN Mg S||Iy0 ‘8yoepesy ‘sseuxeaMm papis-ya| ‘Uoisnjuo) N/az €5
[86L/[LY] peliodes suoN Aep ¢ JeA8) ‘ayoepeay ‘sseudeam pepis-1ybiy N/LY G
9861/5197] BUON ow g ayoepeay alonss /Ly (A<}
G86L/57] eidojdig ow g ayoepesy ‘Builwon ‘sainzies 4/ze 0§
G86L/rv] ajdiynin sheq 1ane) ‘sseudeam papis-1ybu ‘eiseyde ‘AbieyieT IN/OE (514
G861/l euyuesAqg AM Z ssaudeam papis-1ybil ‘eibeydsAp ‘ABieyls| ‘1ens 4/8¢ 14
S10Z/IEY] euyuesAg 21noy SSeudeam |eIoe) pue e 1ybL ‘uoisnjuod ‘yosads ps|qles IN/0S Va4
£10z/12v) panodal auoN sheq J9A8} ‘uoIsnjuod ‘ABleyleT IN/8Z o4
£002/19€] possesse JoN |1NdyY ,Holjep dlbojoinau 81ndy, N/az <14
(86L/ILY) euyuesiqg sheQ sseu eam papis-1ybil ‘ayoepesy ‘1ona4 N/OY 4%
/86L/[L1] SSaUdeaM |eloe M | aInzles ‘BullWIOA ‘eyoepeay ‘1one4 /8T (574
1B8A/90IN0S Ayredoinap [elues) sisoubelq 01 swoldwAg 4O 19suQ Wolq swl| swoldwAg Buliueseld Xo3g/eby "ON ese)

panupuo) -z ajqel

6 o OFID « Meyerowitz et al



‘palels Ajjioljdxa 1ou sniels AlH V/N.
‘sojoads ‘dds ‘esn Bnip snousAeul ‘NAA| (UOIIOBSI UlBYD aseiawAjod ‘YD d ‘SNIIA AOUSIOIepOUNI UBLUNY ‘AJH ‘SNOUSABIIUL ‘A| ‘8jBW ‘|| ‘sjews) 4 ‘pinj} [euidsoiqelad 4SO ‘Apogiue ‘qy Suoieinsiqay

(Apnis siy]) Asdoiq ulelq o110e108.1981s/(21n}N0) “dds sndoziyy BoN elfueb |eseq |elole|lg 8UIRD0D pue UloleH IN/ES [el¢]
[9€] pa1els 10N Sod eljbueb |eseq |esole|ig paiyioads Jayuny 10U ‘NAAI J/1e S
[8%] Asdoine/(einyno) eezA.o sndoziyy BHoN elbueb |eseq 1ybiy paljioads Jayuny 10u ‘NAAI IN/GZ €5
[L¥] Asdoine 1e usas aseydAy eierdesy V/N elbueb |eseq Yo sauluwelaydue pue uioioH N/ LY ]
lov] abeulelp sS99SQE WOl 1NN V/N Elele [ VTRIVIT] NAAI Jo Aioisiy oN d/Ly e

siBujuaw Jejiseq pue
[S¥] oeydAy e1erdase yum Asdoiny V/N snjeydad0lpAy 8A110N1ISO BUISNED UOI1084Ul JB[NDLIIUBA NAAI 0 Aloisiy oN 4/ze 0§
] Asdoine/(ainynd) -dds soonpy V/N eljbueb |eseq |eiole|lg Seulwelaydwe pue auiedo) IN/OS 61
] Asdoine/(ainyno) “dds soonpy V/N eljbueb |eseq Yo saulwelaydwy 4/8¢ 14
[ev] Asdoine/eeydAy e1e1desy BoN eljbueb |eseq [eioie|ig QUIBO0D pue UloJoH IN/OS Va7
47l Asdoine/eeydAy s1e1desy BoN elbueb |eseq |eidle|lg uloJeH IN/8Z o1
19€] pajels 10N BaN eljbueb eseq Jybiy payoads Jayuny 10u ‘NAAI IN/ST St
[11] oeydAy aierdase yum Asdoiny V/N eljbueb |eseq Yo ul0JaH N/OY 4%
[L¥] oeydAy e1erdese yium Awololuesd Bunnp elelidsy V/N snjeydao0IpAy 8A110NI1SO BuISNED UOI084Ul JB|NDLIIUSA uloJeH IN/8Z (%4
[9] Asdoine/eeydAy ererdesy V/N elbueb |eseq 1ybiy pai10ads Jeyiuny 10u ‘NAA| 4/€C 4%
vzl Asdoine/eeydAy ererdesy V/N S95S90Sqe [B1qa.ad |eiole|iq o|diyn|A pai0ads Jeyiny 10U ‘NAA| /LT R
[o¥] Asdoine/eeydAy ererdesy V/N ellbueb |eseq |eiale|lg uloJeH IN/LT (014
[6€] Asdoine/eeydAy ererdesy V/N elbueb |eseq Yo ul0JoH N/ZE 6g
[8€] Asdoine/eeydAy ererdesy /N eljbueb |eseq by ul0JoH IN/YZ 8¢
(€] AW01SOINOLIUSA WO} 81N} nd wod) aeydAy arerdesy V/N elbueb |eseq |eio1e|lg paiyioads Jeyuny 10u ‘NAAI N/YZ LS
[9g] Asdoiq urelq onoejoalals/eeydAy aieidesy BoN elbueb |eseq |eJoie|lg paiyioads Jeyuny 1ou ‘NAAI 4/z2 9

elbueb jeseq 1ybu pue
(g€l Asdoine/eeydAy ererdesy BoN |e1uO.} 1yBIl SAJ0AUI 0} passalfold UOISs| [BIUOL) Yo NAAIl $0 Aloisiy oN IN/61 Ge
el Asdoine/eeydAy aieidasy BoN elbueb |eseq Yo UIRD0D puE UIoJoH 4/z¢ Ve
[vel Asdoine/eeydAy aierdesy SN elbueb |eseq Yo 8UIRD0D puE UloJoH IN/LE e
[vel Asdoiq urelq onoejoalals/eeydAy aieidesy BaN eljbueb jeseq 1ybiy sploido pue suied0) /12 €
[eg] Asdoiq urelg/eeydAy aierdasy V/N ellBueb |eseq |eiale|lg paie1s 10u Aloisiy asn BnuQg 4/92 Le

Juaweoe|d UleIp JO SUI} WOl4

020z/z€] wexa 4S0/(Buiousnbas uoneieusb-1xau) “dds sndoziyy BoN el|bueb |eseq 1ybiy paiels jou Aloisiy asn BniQ IN/LZ 0¢
[Lel Asdoiq Jejnouiusn/eeydAy eierdesy SN ssew el|bueb [eseq Yo| B YU 8SEaSIP JB|NOLIUSA  POWLIFUOD 10U Ing pawnsald NAAl N/ 62
[og] Asdoine wouy siuswale [eydAH BoN elbueb jeseq 1ybiy aUIRD0D pue UloJoH IN/ZZ 8Z
[62] Asdoiq/(81n}nd) Joonwioziyy BaN elBueb |eseq |elale|ig paiels jou Aloisiy asn BniQg N/YZ Vo4
821 Asdoine/eeydAy eierdase yum 16un4 BaN el|bueb |eseq |elale|ig uloIaH A/, BUnox,, 9z
[L2] aeydAy Buiyouelq e1erdese yim ainnd AwolSoNdLIUSA BoN elbueb |eseq Yo palyioads Jayuny 10u ‘NAA| 4/e€ Gz
[9z] uonelidse/(enynd) snziyiie sndoziyy BaN 20| [esodwiel 1ybiy paiyoads Jayuny 10u ‘NAAI N/SZ vz
gzl Asdoiq urelg/eeydAy ereidesy SOd elbueb |eseq |elale|ig paijioads Jayuny 10u ‘NAA| 4/s2 ford
14| Asdoiq urelg/eeydAy eieidesy SOd el|bueb |eseq |elale|ig uloJeH N/LZ 144
vzl Asdoiq ulelq uado/(einyno) eezA.o sndoziyy V/N elbueb |eseq Yo paijioads Jayuny 10u ‘NAAI IN/8Z 1z
€zl Asdoig/eeydAy e1erdesy SEIN eljbueb jeseq Yo spioido 4/62 0z
[z2 Asdoiq uleig/eeydAy aieidesy BHaN eljbueb |eseq Yo| ur Buipn|oul sassaosae a|din| UIBO0D pue UloJoH 4/€G 6l
92In0S paulelqQ Jeuuen/(poyia|A) sisoubelq gy AIH uo[199jU]| JO UO[1EZI[EO0T adA| Brug Al xaS/eby ‘0N ose)

panupuo) g ajqel

Systematic Review of Isolated Cerebral Mucormycosis « OFID « 7



[£2] — — ON gwy pesesdsq J/ee 14
[92] — — ON gwy pesesdsq IN/ST 174
4] — - ON guy pasesdsq J/ge €¢
[52] - - ON guy pasesdsq IN/LT [44
174 — - ON gquy pasesdsq IN/8C 44
Leibajdiwey Yyo| asusp 1uslsisiad e pey ays
[€2] 1INQ ‘'SpuBWIWOD S|dWIS MO||04 01 8|ge PUE LS|y, ow ¢ 1ses| 1y SBA p 8| Joj gwy [edayleiul snid SYIUOW IO gWY  PBAIAING 4/62 0z
guwy 40 uoile|dwod JaYe |, ||9M pue aAle,,
[z2] !, penoidwi siseiediwey pue sniels [elUs|A, ow /< SeA SylUOW 10} ‘gwiy/ [edeyleiiul Buipnjoul ‘guy  PeAIAING 4/€G 6l
[Lzl ,90UB]SISSE UIIM 81e|ngqule 0} 8|qy, ow 9< SOA SYUOW IO} gUIY/  PBAIAING N/VE 8l
[0Z] ..S101ep 21B0[0INBU [EWIUILL YLM ‘|[OM PUB BAIlY, ow G'G< SOA SYIUOW IO} qUIY/  PBAIAING 4/1€ i
, WIE 18] SIy JO SSau
-eam 919|dw oo pue Ba| Yo SIY JO SSouNRaM
[6L] |eied Jo oy 8yl ul Aljigesip penuiuo),, ow 0z< SO SUIUOW [BI9ASS 10} Uy [BOSYIRIIUI BUIpNOUl ‘GUUY  PBAIAINS IN/9Z 9l
Loun pue ‘eoeld ‘uosied
0] POIUSLIO S| PUB ‘81eJIUNWILIOD Aj|equeA Syluouwl 1ses|
[81] Ued ‘90UB]SISSE INOYLIM 91B|NquUe 01 8|qy, 1B ‘palels Ajedljoads 10N SOA 3M QL 10} gUY  PBAIAING /vy Gl
, SSaudeam puey-1ybu uoissaiddns ejozeuooesod
(Apnmis |enpisal pjiw pue dooup |eroey} 1ybil Juie) e Bulobuo Jo A | < Aq pamo||o} M g 10} 8]0zeuodesod pue guiy
siyl) Ajuo yum Asenooai oibojoinau a|gesieway,, ow g< oN AQ Pamo||0} "M { 104 UIBuNjedIu pue ‘sjozeuodesod ‘guy]  PBAIAING N/LE vl
L, UoI1eUIPIO0DSIP pue
Avonseds pjiw,, pue ,ouyLesAp Ajglenss,, uois
[Z1] pue ,99UBISISSE INOYNIM 81e|NquUUe 0} 8|qY, ow Gg< oN -sa1ddns ajozeuooesod Agq pamoj|o} p Gi7 10} ©|0zeuodesOod pue quiy ] POAIAING 4/s2 el
,SSaualeme pue
ssaulnexem paroidwl Ag pamoj|o} ‘yosads JUBWSPLIGep SWOS ‘Palels
[91] SIY YHm Ajjeniul,, Jusuwianoldudl [ealul) Syluow 1ses| 1y ON 10U UoneINp ‘AInful [eUSl 8INOE J8}E 9|0ZBUOINARSI AQ POMOI|0) U]  POAIAINS IN/OY zl
(84njiey
[G1] Aloienquie aq o1 senunuo),, SYIUOIN ON |euas 01 enp paddols guuiy) UonVasal [edlBins BUIMO||O) YM Z JO) GUIYY  PBAIAINS N/EY Ll
., SIsAjeled wie ya| wolj Ajeied
L] Aluo 1ng Bs| Yo| woly patsnodal Ajers|dwo), sleah £< ON 1UBWSPLGeP SWOS pue guly || JO Aep 08 UM OW g 10} ;W] POAIAING BYra% oL
,9INW paulewsa.
L] 8yS INQ ‘SPUBLIWIOD MOJ||0} 0} S| PUe L8|y, paiels Ajjealyioads 10N OoN pa1e1S 10U UOHEINP ‘GUY  PBAIAINSG 4wz 6
Aipuepuadepul |, em 031 Alljiqe pauledb
[Zl]  -oJ pue sisaiediwey Ya| JoY WOl PaIonoday,, syuow 1ses| 1y ON oW 9 Jo} gy  PaAIAING 4/0¢ 3
[LL] peAjoses swoldwAs !, juswAoidws o) pauinay, syjluow 1ses| 1y ON SYIUOW O} SY99M 10} gWy/  PBAIAING N/8Z VA
[oL] panoidwi swoldwAg,, Jesjoun ON ,SAep g, 10} guy  PeAIAING IN/8Z 9
[6] L Juswenoldwi Apeals 1nq |enpeib BuiAolug, SYIUO|A ON ,S)9OM g, 10} WY/  PBAIAINS N/YZ o]
.Sl
8] -wiaJ1xe 1YbBll 8yl Ul Sseudeam [ewiuiwl AjuQ,, o < ON SUIUOW O} S}88M 10} GUIyY  PSAIAINS 4/02 ¥
[£] . Allewuou Buiuonouny,, ow G< ON ,pouad Yyluow-Inoy e 18A0, JOJ gUIYY  PSAIAINS /e e
., SpuewIW0d a|dwis Mo||o) 01 Alljige
[l ay3 Ajuo sey pue anseds ‘oiseyde moN,, Syuow 1ses| 1y ON LSYOOM,, IO} qUIYY  PBAIAING IN/ZE z
[S] ,Ul[eay |[ewou O} paulnial lusiied, palels 10N ON pa1e1s 10U UOIeINP ,'guwy/  PBAIAING 4/L€ L
92In0S JusWleal] Joly SNIEIS [RUOIOUNS palodey ase) Spl0JalS (PBAIAING J1) JUBWIBal| JO Luoneind xR Adelsy] [eBunjiiuy  awooINQ xag/eby  ‘ON ose)

swi] e uofeing [BAIAING

sawooynQ pue Juawneas] -y ajqel

8 « OFID « Meyerowitz et al



“BuIAp JO sinoy ulyum guiy Jo 8sop | Ajuo psaieosl usied siy]

‘g upueloydule [euwiosodi] ‘guiy,

"patj1oads 10U UONEINWIOY ‘g UldLaloydwe 'guiy,

"UBAIB 10U pawnsaid a1em spioisls 1iodel 8Sed BY) Ul PaISISIUILUPE Se PAUORUSW 10U §,

"paliodas guly JO 8SOp 210} WO} PBIEINDJED UONRIND ‘SBSED 8WOS U| “Liodal 8Sed Ul paqLosap usym Ajjoaulp pariodsl uoneind,

“(S)H08M "M 1(S)UIUOW ‘0w ‘8ew ‘|A| ‘SNOUSABIUI ‘A| [|[2O8UIBIIUI ‘|| ‘Bjews) 4 g uidnsioydwe ‘guuy (SUOIRIABIqOY

(Apnis
syl - - EEN 99UON PosesdsQ IN/ES oo
[9¢€] - - SOA SUON pesesdsQ J/ie S
[8Y] - - S8A SUON pasesdsq IN/GT €5
[£7] - - SOA SUON pesesdsq IN/Ly 4]
[o7] - - SOA SUON pesesdsq d/Ly LG
[S7] - - SOA SUON pasesdsq d/ze 0§
(77 - - SOA SUON pasesdsq IN/OE 67
7y - - SoA SUON pasesds( 4/8¢ 8y
lev] — - ON SUON pasesdsq IN/0S Ly
t47 - - ON SUON pesesdeQ IN/8T or
[9€] — - ON SUON psesesdsq N/ST €14
(Y] - - ON SUON pesesds( IN/OY 144
[LY] - - ON SUON pasesde( IN/8T i
(9l - - ON SUON pesesde( d/ee [4%
24 - - ON SUON pesesde( /LT Ly
[ov] - - ON SUON pesesds( IN/LT ov
[6€l - - ON SUON pesesds( IN/ze 6€
[8€l - - ON SUON pesesde( INAT 8¢
[L€] - - SOA 9|0ZBUOONABS! 'GUIY 1| ‘gUIV] Al Pesesdsd IN/T LE
[9€l - - SOA gwy pssesdeq d/ee 9€
[G€] - - SeA guly psasesdsqg IN/6Y SE
[7el - - SeA guly  pasesdsqg d/ze Ve
7€l - - SeA guly pasesdsq IN/LE €e
7€l - - SOA guy  psesesdsqg d/Le 4
le€l - - SOA guly  psesesdsqg 4/9¢ Le
[zgl — — ON s|0zeUOORSOd pUR gWwy pasesde W/LZ 0¢
[Lel — — ON 9|0zeuooesod pue guiy || pue A| pesesds( N/EY 6C
(o€l - - ON gwy pssesdeq IN/ZT 8¢
l62] - — ON gwy pesesdsq IN/7T Lc
[8z] - - ON guy] pesesoeq  IAN/,Bunog, 9¢
90In0g JusWleal| J8l)y SNIBIS [RUOIIOUNS pauioday ase) 4SploIals (PEAIAINS JI) JUBWIBa| JO uoneing 1 Adessy] [eBunjiuy  8wooINQ x8g/eby  "ON ese)

oWl 1e uoneIn( [eAIAING

panupuo) °p ajqel

Systematic Review of Isolated Cerebral Mucormycosis « OFID « 9



Cases reported over time

(&3]

2
| IH

1965 1970 1975 1980 1985 1990

Figure 2.

1995 2000 2005 2010 2015 2020

Epidemic curve of reported cases since 1965, plotted as a function of year of presentation.

presented with less than a week of symptoms, most reporting
hours to days of symptoms. The observed differences in dura-
tion of symptoms could be explained by an inoculum effect,
wherein individuals whose brains were seeded with small num-
bers of Mucorales spores of vegetative cells have a more indo-
lent course than individuals whose brains were seeded with
greater numbers of Mucorales spores. Alternatively, more effec-
tive host immune function, including neutrophil activity, might
allow better control of the infection, slowing the angioinvasive
and necrotizing processes. Also possible is that another initial
inciting event that predisposes to secondary superinfection
by Mucorales, such as focal ischemia, may modulate the dura-
tion of symptoms. Further study of this syndrome in an animal
model could help shed light on these aspects of the syndrome.

Diagnosis requires tissue, which should be sent for culture
and pathology to look for characteristic broad-based aseptate
hyphae (Figure 1). Even when visible on histopathology, the
organisms do not always grow in culture, potentially because
they are nonviable. This is particularly likely if antifungals are
administered before sample collection, highlighting the utility
of PCR-based testing. The imaging modality of choice is brain
MRI with special sequences, including gradient echo and sus-
ceptibility weighting, to assess for microhemorrhage, which
suggests a potentially invasive process.

There are several important treatment considerations for this
syndrome. Amphotericin is essential to treatment, as no patients
survived without amphotericin B (AmB). In patients with un-
derlying hematologic malignancy, survival from mucormycosis
is significantly increased with early treatment with AmB [59].
These findings are consistent with our retrospective observa-
tions herein, together strongly suggesting that early diagnosis
and early initiation of AmB improve survival in immunocom-
petent patients with mucormycosis. Whether to add additional

agents for combination therapy is controversial, with no benefit
shown for combination therapy in the context of hematologic
malignancy [60]. However, some providers may prefer adding
a triazole with anti-Mucorales activity, such as posaconazole or
isavuconazole, to initial treatment, as was done in Case 2 in this
series [61, 62]. Because of potentially better CNS penetration
[63], isavuconazole is preferred to posaconazole by some clin-
icians, but both triazoles demonstrate good clinical outcomes in
CNS infections [64-67]. Echinocandins show in vitro synergy
with AmB against Rhizopus oryzae but display poor CNS pene-
tration [68]. In addition, treatment failures with echinocandins
when used as monotherapy for susceptible fungal brain ab-
scesses are documented [69].

We found that steroid use was associated with worse out-
comes, raising the possibility that they are harmful in this set-
ting. As steroids are frequently administered for the treatment
of edema associated with brain lesions, early diagnosis is partic-
ularly important in isolated cerebral mucormycosis, so that in-
appropriate steroid administration can be avoided. Additionally,
as acidemia promotes Mucorales growth and binding to endo-
thelial cells, thereby accelerating angioinvasion, control of hy-
perglycemia and acidemia are critical [70].

CONCLUSIONS

Isolated cerebral mucormycosis in immunocompetent adults
is a rare and possibly underrecognized syndrome that requires
a high index of suspicion for diagnosis and prompt treat-
ment. Many patients present with headaches and cranial nerve
deficits, and some with fevers or altered mental status. The vast
majority of cases involve the basal ganglia. Tissue from a biopsy
is important for establishing the diagnosis. Treatment should
include amphotericin B. Good outcomes are possible. Given the
current opioid crisis, the frequency of cases may increase.
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