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FUNGALCONTAMINATIONOFMETH-
ylprednisolonepreparedbyacom-
poundingpharmacyresultedinan
unprecedented multistate out-

break of meningitis in the fall of 2012.1-4

Michiganhashadthehigheststate-specific
attackrate for fungal infectionassociated
with thecontaminatedspinalorparaspi-
nal injections.5,6 Initially, these injections
werecomplicatedbymeningitis.Within
6 weeks of the outbreak, meningitis be-
camelessfrequentandlocalizedspinaland
paraspinal infections became the princi-
pal manifestations of contaminated ste-
roidinjections.Incontrasttotherelatively
briefperiodinwhichmeningitiscasesap-
peared,asteadystreamofspinalandpara-
spinal infectionscontinuetopresent long
aftertheinjectionswerelastadministered.

For editorial comment see p 2493.

Author Affiliations: Section of Infectious Diseases
(Drs Malani, Moudgal, Jagarlamudi, Neelakanta,
and Otto) and Departments of Internal Medicine
(Drs Malani, Vandenberg, Moudgal, Jagarlamudi,
Neelakanta, Otto, and Halasyamani), Clinical
Research (Dr Singal), and Radiology (Drs Kasotakis,
Koch, and Kaakaji), St Joseph Mercy Hospital, Ann

Arbor, Michigan; and Division of Infectious Dis-
eases, Veterans Affairs Ann Arbor Healthcare Sys-
tem, University of Michigan Medical School, Ann
Arbor (Dr Kauffman).
Corresponding Author: Anurag N. Malani, MD, St Jo-
seph Mercy Hospital, 5333 McAuley Dr, Ste 3106,
Ypsilanti, MI 48197 (malania@trinity-health.org).

Importance Injection of contaminated methylprednisolone has resulted in an unprec-
edented nationwide outbreak of Exserohilum rostratum fungal infections, manifested ini-
tially as meningitis and/or basilar stroke. Insidious onset of spinal or paraspinal infection
at the injection site has been increasingly reported and is occurring months after receipt
of injection with the contaminated drug. The clinical findings are often subtle and similar
to those that led the patient to undergo the methylprednisolone injection.

Objective Todetermine ifpatientswhohadnotpresented formedical carebutwhohad
receivedcontaminatedmethylprednisolonedeveloped spinal orparaspinal infectionat the
injection site using contrast-enhanced magnetic resonance imaging (MRI) screening.

Design, Setting, and Participants There were 172 patients who had received
an injection of contaminated methylprednisolone from a highly contaminated lot
(No. 06292012@26) at a pain facility but had not presented for medical care related
to adverse effects after the injection. Screening MRI was performed between Novem-
ber 9, 2012, and April 30, 2013.

Main Outcomes and Measures Number of persons identified with previously un-
diagnosed spinal or paraspinal infection.

Results Of the 172 patients screened, MRI was abnormal in 36 (21%), showing epi-
dural or paraspinal abscess or phlegmon, arachnoiditis, spinal osteomyelitis or diskitis,
or moderate to severe epidural, paraspinal, or intradural enhancement. Of the 115
patients asked about new or worsening back or neck pain, lower extremity weakness,
or radiculopathy symptoms, 35 (30%) had at least 1 symptom. Thirty-five of the 36
patients with abnormal MRIs met the Centers for Disease Control and Prevention (CDC)
case definition for probable (17 patients) or confirmed (18 patients) fungal spinal or
paraspinal infection. All 35 patients were treated with antifungal agents (voricon-
azole, with or without liposomal amphotericin B), and 24 required surgical debride-
ment. At the time of surgery, 17 of 24 patients (71%), including 5 patients who de-
nied having symptoms, had laboratory evidence of fungal infection.

Conclusions and Relevance Among patients who underwent screening MRI to
look for infection at the site of injection of contaminated methylprednisolone, 21%
had an abnormal MRI, and all but one met CDC criteria for probable or confirmed
fungal spinal or paraspinal infection. Screening MRI led to identification of patients
who had minimal or no symptoms of spinal or paraspinal infection and allowed early
initiation of medical and surgical treatment.
JAMA. 2013;309(23):2465-2472 www.jama.com
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Because patients received these injec-
tions to treat back pain or neuropathic
symptoms, the presentation of a slowly
developing spinal or paraspinal infec-
tion has been obscured. Early identifi-
cation of these infections with subse-
quent early intervention should benefit
these patients. Consequently, a mag-
netic resonance imaging (MRI) screen-
ing protocol was initiated to identify
patients who might have spinal or para-
spinal infection related to injection of
contaminated methylprednisolone.

METHODS
Screening Protocol and Study
Definitions Used for Classification
of Patients

A series of patients were studied who
received contaminated methylpred-
nisolone injections at a pain treatment

facility but had not presented for medi-
cal care related to the contaminated in-
jection. These patients did not have
meningitis or symptoms of spinal or
paraspinal infection suggestive of the
need for evaluation. Patients were
evaluated at St Joseph Mercy Hospital
(SJMH), a 537-bed, non–university-
affiliated, community teaching hospi-
tal belonging to a 6-hospital network
that is part of Trinity Health. The in-
stitutional review board at SJMH re-
viewed and approved the study proto-
col with a waiver of informed consent.

A fungal outbreak registry was
established to include all patients re-
ceiving an injection from lot No.
06292012@26 of preservative-free meth-
ylprednisolone prepared at New En-
gland Compounding Center. The dates
and site of injection were recorded in the
registry. A fungal outbreak clinic was es-
tablished to coordinate care for ex-
posed patients. Because of concern for
patients with spinal or paraspinal infec-
tions with little to no change in their
baseline chronic back pain, an MRI
screening protocol was launched on No-
vember 9, 2012, and the follow-up re-
ported herein was continued until April
30, 2013. All patients underwent gado-
linium-contrast MRI evaluation with fat
suppression to evaluate the postcon-
trast images.

Patients were asked about worsen-
ing back or neck pain, radiculopathy,
or lower-extremity weakness at the time
the MRI was scheduled. These patients
were classified as symptomatic or
asymptomatic. Patients who could not
be reached were classified as unknown.
Results of imaging and patient symp-
tom classification were entered into the
fungal outbreak registry. Some of the
patients had standing orders for screen-
ing MRIs. These patients were noti-
fied about the results and asked whether
they had symptoms at the time the MRI
was scheduled. The Centers for Dis-
ease Control and Prevention (CDC)
case definitions for meningitis and spi-
nal or paraspinal infection were used
(BOX 1).5 The medical records for all
hospitalized patients having an abnor-
mal MRI were reviewed to assess for the

type of antifungal treatment given,
length of hospital stay, spinal surgery
intervention, and results of culture, his-
topathology, immunohistochemistry,
and fungal polymerase chain reaction
studies.

Interpretation of MRI

Neuroradiologists read the MRI studies
and classified them as abnormal, equivo-
cal, or normal. If the MRI interpreta-
tion was uncertain, its classification was
established by conferring with a team of
neuroradiologists and physicians spe-
cializing in infectious diseases at a weekly
multidisciplinary conference. Abnor-
mal radiological findings included ab-
scess, phlegmon, spinal osteomyelitis or
diskitis, arachnoiditis, epidural or para-
spinal enhancement, and intradural en-
hancement. Severity of enhancement was
noted for epidural, paraspinal, and in-
tradural lesions. Radiological findings
classified as equivocal included mild epi-
dural, paraspinal, or intradural enhance-
ment. All abnormal or equivocal im-
ages were reviewed a second time by
another neuroradiologist (there were 3
fellowship-trained neuroradiologists
available to reviewMRIs).Acommonno-
menclature was used for classification
purposes (BOX 2).

Data Analysis

We used SAS version 9.2 (SAS Insti-
tute Inc) to analyze demographic, MRI,
and other clinical information. Demo-
graphic and clinical variables were sum-
marized using mean, median, or per-
centage, as appropriate. Data abstracted
from the medical record and the inde-
pendent neuroradiology readings were
entered into an Excel spreadsheet
(Microsoft) by trained data abstrac-
tors. Duplicate databases were created
and then compared using a SAS proce-
dure (PROC COMPARE) to identify
data entry errors between the 2 data
sets. No discrepancies were found.

RESULTS
Patients

Between August 9, 2012, and Novem-
ber 8, 2012, there were 218 patients
identified who had received spinal or

Box 1. Centers for Disease
Control and Prevention
Definitions5

Probable fungal meningitis: A pa-
tient who received epidural or para-
spinal injection with contaminated
methylprednisolone with signs or
symptoms of meningitis including
white blood cell count of 5/�L or
higher in cerebrospinal fluid after ac-
counting for the presence of any red
blood cells without any other expla-
nation. Fungal meningitis was also
diagnosed when there was a poste-
rior circulation stroke without a car-
dioembolic source.

Probable spinal or paraspinal infec-
tion: Magnetic resonance imaging
evidence of osteomyelitis, abscess, or
other infection (eg, soft tissue infec-
tion) of otherwise unknown origin
in the spinal or paraspinal struc-
tures, at or near the site of epidural
or paraspinal injection with contami-
nated methylprednisolone.

Confirmed case: If findings for prob-
able fungal meningitis or spinal or
paraspinal infection were present and
there was microbiological, molecu-
lar, or histopathological evidence of
a fungal pathogen, the case was re-
classified as a confirmed case.
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paraspinal injections with the contami-
nated methylprednisolone lot No.
06292102@26 who had not presented
for medical care related to the injec-
tion (FIGURE 1). Each patient received
at least 1 injection between August 9,
2012, and October 2, 2012, which
was the day when the contaminated
steroid was removed from the pain
facility.

The mean (SD) age of the patients
was 63.2 (14.0) years (range, 17-93
years); women accounted for 136 pa-
tients (62% of cohort). The monthly
number of admissions for meningitis,
spinal or paraspinal infections, and joint
infections appear in FIGURE 2.

Of the 218 patients eligible for
screening MRI, 47 had already been
scheduled for an MRI by their physi-
cians when contacted by the study team.
The remaining 171 were contacted by
nurses from the fungal outbreak clinic.

By April 30, 2013, 172 of the 218 pa-
tients (79%) had at least 1 MRI per-
formed. Twelve patients (6%) re-
ceived care outside of the SJMH system.
Eight patients (4%) had contraindica-
tions to MRI, which included spinal
stimulators and cardiac devices. A total
of 26 patients (12%) were scheduled for
an MRI after April 30, 2013, or did not
respond to the study team’s request to
schedule an MRI.

Results of Screening MRI

Of the 172 patients who had an initial
screening MRI performed, 34 (20%)
were noted to have an abnormal MRI,
30 (17%) an equivocal result, and 108
(63%) a normal MRI. Twenty-five of the
30 patients with equivocal findings on
the first MRI underwent repeat imaging;
2 of these subsequent studies were ab-
normal, 13 remained equivocal, and 10
were read as normal. Of the findings on
the 36 abnormal MRI studies (34 ini-
tial MRIs with 2 abnormal studies on
repeat examination), phlegmon was
found in 30, there was an abscess in 13,
spinal osteomyelitis or diskitis in 7, and
arachnoiditis in 6 (FIGURE 3 and
FIGURE 4). Enhancement was classi-
fied as severe in 6 and as moderate in
30 (TABLE 1). Twenty-eight patients

had multiple simultaneous MRI abnor-
malities. The median time from last spi-
nal or paraspinal injection to an abnor-
mal MRI was 87 days (range, 44-192
days). None of the MRI studies inter-
preted as normal had pathological evi-
dence of enhancement at the injection
site. Pathological enhancement is de-
fined as enhancement not related to
normal vascular enhancement; in-
stead it implies disease.

Risk Factors

Medical history information was avail-
able for 34 of the 35 patients with in-
fections. Of these, none had chronic re-
nal insufficiency, immunosuppression
(defined as having human immunode-
ficiency virus/AIDS, receiving chronic
immunosuppressive therapy, or being
a transplant recipient), connective tis-
sue disease, chronic liver disease, or a
history of cerebrovascular accident or
stroke. Three patients had a history of
malignancy (solid or hematopoietic), 8
had diabetes, 5 had coronary artery dis-
ease, 22 had hypertension, and 13 had
hyperlipidemia.

Box 2. A Common
Nomenclature
Abscess: defined as a peripherally en-
hancing fluid collection

Phlegmon: showed abnormal en-
hancement, but lacked central fluid
signal

Spinal osteomyelitis or diskitis:
identified when there was evidence
of bone marrow edema, enhance-
ment, and/or abnormal signal in the
disk

Arachnoiditis: characterized by
nodular or linear enhancement
of the nerve roots of the cauda
equina

Intradural: defined as within or be-
neath the dura

Epidural: defined as above the dura

Paraspinal space: included the para-
vertebral muscles, facet joints, and
structural ligaments

Enhancement: characterized as
abnormal signal intensity related
to the T1 relaxivity effect of a con-
trast agent

Figure 1. Process of Identifying Spinal and Paraspinal Infections After Patients Were Exposed
to Contaminated Methylprednisolone in 2012

26 Magnetic resonance imaging (MRI) scheduled
or requested but not completed

12 Received care outside hospital system
8 Contraindication to MRI

326 Had been tested for meningitis by lumbar
puncture or for spinal or paraspinal infection
by imaging prior to November 8, 2012

24 Received surgical and
antifungal therapy

11 Received antifungal therapy alone
1 Ongoing clinical and

radiological follow-up

18 Ongoing clinical and
radiological follow-up

36 Had evidence of infection 118 No evidence of infection18 Equivocal results

172 Had ≥1 MRI

218 Without meningitis or symptoms
of spinal or paraspinal infection
identified for screening cohort

544 Patients were exposed to ≥1
contaminated steroid injection
between August 9, 2012, and
October 2, 2012
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Symptoms
Data were obtained from 115 patients
regarding the presence of new or wors-
ening back or neck pain, radiculopa-
thy, or lower-extremity weakness.
Thirty-five of the 115 patients (30%)
had at least 1 of these symptoms. Thir-
teen patients had no change in back or
neck pain, no lower-extremity weak-

ness, and no evidence of radiculopa-
thy, but had an abnormal MRI. Of these,
7 patients underwent surgery and
5 were documented to have fungal
infection.

Treatment and Outcomes

All 36 patients who had a screening MRI
classified as abnormal were hospital-

ized, 32 at SJMH and 4 at other local
hospitals. Thirty-five patients met the
CDC case definition5 for probable spi-
nal or paraspinal infection (TABLE 2 and
Box 1). Of the 35 patients, 3 were
between the ages of 20 to 40 years; 10
between the ages of 41 to 60 years; 16
between the ages of 61 to 80 years; and
6 between the ages of 81 to 100 years.

Figure 2. Monthly Admissions for Meningitis, Spinal or Paraspinal Infections, and Joint Infections Related to Contaminated
Methylprednisolone Injections
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aReflects date of abnormal magnetic resonance imaging result. Of the 54 cases of fungal meningitis, 42 developed spinal or paraspinal infection.

Figure 3. Images From Magnetic Resonance Imaging of 3 Patients Exposed to Spinal and Paraspinal Injections With Contaminated
Methylprednisolone

C Patient 3B Patient 2A Patient 1

A, Axial T1 postcontrast image shows avid enhancement of nerve roots (yellow arrowheads) as well as clumped intradural enhancement (blue arrowhead) consistent
with arachnoiditis. Tissue obtained during operation showed fungal hyphae, and polymerase chain reaction was positive for Exserohilum species. B, Sagittal T1 fat-
saturated, postcontrast images of the lumbar spine shows a rim-enhancing fluid collection in the dorsal epidural space (pink arrowhead) in a patient who was asymp-
tomatic. Tissue obtained at surgery showed fungal hyphae. C, Linear end-plate enhancement (black arrowheads) consistent with diskitis or osteomyelitis in another
patient in whom tissue obtained at surgery showed fungal hyphae; cultures yielded Exserohilum species.

MRI SCREENING TO IDENTIFY INFECTIONS FOLLOWING CONTAMINATED INJECTIONS

2468 JAMA, June 19, 2013—Vol 309, No. 23 ©2013 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ on 06/21/2013



All of these patients received antifun-
gal therapy; 25 were given voricon-
azole and liposomal amphotericin B and
10 received voriconazole alone. One pa-
tient who did not meet the criteria for
probable fungal infection was admit-
ted to another hospital and was fol-
lowed up with serial imaging of her
lumbar spine but had not been treated
with antifungal therapy.

Twenty-four of the 35 patients (69%)
meeting the CDC case definition for
probable spinal or paraspinal infec-
tion required operative intervention. Of
these 24 patients, 22 had MRI find-
ings of epidural or paraspinal abscess
or phlegmon. The remaining 2 had only
paraspinal enhancement. Seventeen pa-
tients (71%) have had confirmed evi-
dence of fungal infection by positive his-
topathology, cultures, polymerase chain
reaction (PCR), or immunohistochem-
istry. Cultures grew Exserohilum spe-
cies in 5 patients, and PCR testing was
positive for Exserohilum in 5 of 12 tests
that were performed. Two patients who
underwent surgery for paraspinal en-
hancement alone had positive PCR test-
ing on tissues for Exserohilum. Of 7
asymptomatic patients who under-
went surgery, 5 had fungal infection
confirmed, and another asymptom-
atic patient had evidence of septate hy-
phae on ultrasound-guided aspiration
of a paraspinal abscess.

The median length of stay for the 32
patients who received care at SJMH was
15 days (range, 3-38 days). Thirty-
one patients were discharged from
SJMH while continuing to take oral
voriconazole therapy, and 1 elderly pa-
tient who died had extensive con-
firmed epidural and intradural infec-
tion with Exserohilum.

DISCUSSION
A proactive health system intervention
was instituted by MRI screening of at-
risk patients in response to an unprec-
edented outbreak of fungal infection.
This resulted in earlier identification of
patients with probable and confirmed in-
fection. Thirteen of 36 screened pa-
tients (36%) found to have an abnor-
mal MRI did not have changes in baseline

pain or neuropathic symptoms at the spi-
nalorparaspinal injectionsite.AsofApril
30,2013, all of thesepatientswere treated
with antifungal drugs for spinal or para-
spinal infection. Of these patients, 7 re-
quired surgical intervention; 5 of the 7
had laboratory confirmation of fungal in-
fection.

Even though some patients reported
worsening clinical symptoms, they had
not presented for care before being con-
tacted through our screening program.
These patients were unable to distin-
guish whether the pain was from their
chronic condition that prompted the

methylprednisolone injection or from
some new problem. Of 35 patients who
reported worsening symptoms follow-
ing spinal or paraspinal steroid injec-
tions, 22 were identified as having a fun-
gal infection as a result of our screening
program. Seventeen required surgical in-
tervention. Twelve of these patients had
a laboratory-confirmed fungal infection.

During the initial weeks of the out-
break, 260 patients presented to SJMH’s
emergency department for lumbar
puncture in response to the CDC’s
recommendations for the evaluation
of patients exposed to contaminated

Figure 4. Initial and Follow-up Magnetic Resonance Images of 1 Patient

B Follow-up magnetic resonance imageA Initial magnetic resonance image

A, Sagittal T1 fat-saturated, postcontrast image of the cervical spine shows thin linear dorsal epidural enhance-
ment at the C5-C6 level (arrowhead). B, Follow-up imaging performed 19 days later shows thickening of the
area of enhancement (arrowheads). The patient had become increasingly symptomatic with neck pain at the
cervical injection site prior to the second magnetic resonance imaging. Subsequent biopsy showed evidence of
fungal hyphae and cultures grew Exserohilum species.

Table 1. Radiological Findings in Patients With Abnormal Magnetic Resonance Imaging
(MRI) Screening Results

No. of Findings in 36 Patients With Abnormal MRI

Location

TotalaEpidural Paraspinal Intradural

Phlegmon 12 18 0 30

Abscess 4 9 0 13

Spinal osteomyelitisb NA NA NA 7

Arachnoiditis NA NA 6 6

Enhancement
Moderate 11 18 1 30

Severe 1 5 0 6
Abbreviation: NA, not applicable.
aSome patients had more than 1 finding on MRI.
b Includes diskitis.
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Table 2. Clinical Findings in 35 Cases of Probable and Confirmed Fungal Spinal or Paraspinal Infections

Sex
CDC Case

Statusa Symptomsb

Time From
Last Injection

to Abnormal MRI, d MRI Findings Initial Treatment
Operative

Intervention Outcomec

Female Confirmed Yes 63 Epidural infectiond

Paraspinal infectione

Enhancementf

Voriconazole �
liposomal amphotericin B

Yes Improved

Female Confirmed Yes 44 Enhancementf Voriconazole �
liposomal amphotericin B

Yes Improved

Female Probable Yes 60 Paraspinal infectione

Enhancementf
Voriconazole No Improved

Female Confirmed Yes 82 Epidural infectiond

Paraspinal infectione

Arachnoiditis
Enhancementf

Voriconazole �
liposomal amphotericin B

Yes Improved

Female Probable No 122 Epidural infectiond

Paraspinal infectione

Enhancementf

Voriconazole �
liposomal amphotericin B

Yes Improved

Female Probable No 78 Epidural infectiond

Paraspinal infectione
Voriconazole �
liposomal amphotericin B

Yes Improved

Male Confirmed Yes 81 Paraspinal infectione

Enhancementf
Voriconazole �
liposomal amphotericin B

Yes Improved

Male Probable Yes 104 Arachnoiditis Voriconazole �
liposomal amphotericin B

No Improved

Male Probable No 87 Arachnoiditis Voriconazole �
liposomal amphotericin B

No Improved

Female Probable Yes 105 Epidural infectiond

Paraspinal infectione

Spinal osteomyelitisg

Enhancementf

Voriconazole �
liposomal amphotericin B

Yes Improved

Female Confirmed Yes 56 Epidural infectiond

Paraspinal infectione

Enhancementf

Voriconazole �
liposomal amphotericin B

Yes Improved

Female Probable No 118 Epidural infectiond

Paraspinal infectione

Spinal osteomyelitisg

Voriconazole No Improved

Female Confirmed Yes 69 Paraspinal infectione

Enhancementf
Voriconazole �
liposomal amphotericin B

Yes Improved

Female Confirmed No 85 Paraspinal infectione

Enhancementf
Voriconazole Yes Improved

Female Probable Yes 106 Paraspinal infectione

Enhancementf
Voriconazole Yes Improved

Male Confirmed No 115 Epidural infectiond

Paraspinal infectione

Spinal osteomyelitisg

Enhancementf

Voriconazole �
liposomal amphotericin B

Yes Improved

Female Probable Yes 96 Equivocalh Voriconazole No Improved
Female Probable No 121 Spinal osteomyelitisg

Enhancementf
Voriconazole No Improved

Female Confirmed Yes 91 Paraspinal infectione

Spinal osteomyelitisg
Voriconazole �
liposomal amphotericin B

Yes Improved

Female Confirmed No 74 Paraspinal infectione Voriconazole No Improved
Male Confirmed No 59 Epidural infectiond

Enhancementf
Voriconazole �
liposomal amphotericin B

Yes Improved

Female Probable Yes 108 Arachnoiditis Voriconazole �
liposomal amphotericin B

No Improved

Male Confirmed No 80 Enhancementf Voriconazole �
liposomal amphotericin B

Yes Improved

Female Confirmed No 88 Epidural infectiond

Paraspinal infectione

Enhancementf

Voriconazole �
liposomal amphotericin B

Yes Improved

Female Confirmed Yes 68 Epidural infectiond

Arachnoiditis
Enhancementf

Voriconazole �
liposomal amphotericin B

Yes Death

Female Probable Yes 86 Paraspinal infectione

Enhancementf
Voriconazole No Improved

Male Probable Yes 94 Epidural infectiond

Paraspinal infectione

Enhancementf

Voriconazole �
liposomal amphotericin B

Yes Improved

Female Probable Yes 61 Epidural infectiond

Enhancementf
Voriconazole �
liposomal amphotericin B

Yes Improved

Male Probable No 57 Arachnoiditis Voriconazole �
liposomal amphotericin B

No Improved

(continued)
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steroids during spinal injections. Of
these patients, 206 did not meet the
CDC case definition for meningitis.5

Many of the 54 patients who were found
to have meningitis subsequently devel-
oped concomitant spinal or paraspinal
infections; 42 developed concomitant
infection (last recorded concomitant
infection developed in mid-February
2013). This observation prompted our
decision to proactively screen all
patients exposed to contaminated spi-
nal or paraspinal steroid injections for
the development of these localized
infections using screening MRI.

One limitation of this screening pro-
gram was a high rate of equivocal MRI
studies. The reasons these occurred in-
clude variable sensitivity thresholds of
different neuroradiologists and the
screening modality (MRI) itself. In
this context, sensitivity refers to the
ability of MRI to identify the disease.
Sensitivity thresholds can vary by scan-
ner and sequences. Fat suppression–
contrast sequence has higher sensitiv-
ity to establish a diagnosis than does a
conventional examination. Cases in
which an accurate site of injection was
not provided accounted for several
equivocal diagnoses; we found that fo-
cusing on the specific injection site was

helpful. Fat-suppressed postcontrast se-
quences were particularly sensitive and
helped differentiate infection from other
causes of enhancement. An epidural ve-
nous plexus can show enhancement
and can be asymmetrical, which can
lead a neuroradiologist to question
whether infection is present. More-
over, inflammatory and degenerative ar-
thropathy, particularly of the facet
joints, can show strong enhancement
and mimic infection. Diagnostic accu-
racy improved as the study team gained
experience with the MRI findings of this
infection and as the presence of fungal
infection was confirmed by tissue ex-
amination of patients who underwent
operations.

Development of a fungal outbreak
registry, which included all exposed
patients and their respective dates and
sites of injections, and a specific fun-
gal outbreak clinic provided strong
foundations for the design and imple-
mentation of a screening program. In
addition, multidisciplinary confer-
ences including neuroradiology,
infectious diseases, anesthesiology,
and neurosurgery were critical to
interpreting MRI studies and stan-
dardizing our medical and surgical
approach.

There are several limitations to our
study. First, the numbers of patients
screened and found to have probable
or confirmed fungal infection is rela-
tively small. Second, our presumption
that early treatment initiated when
MRI abnormalities are found will
improve outcomes has not been estab-
lished. In addition, these results may
not be generalizable to all patients
exposed to contaminated methylpred-
nisolone, especially those who re-
ceived injections from the presumably
less heavily contaminated lots of this
drug.

Health Alert Network guidance from
the CDC calls for clinicians to remain
vigilant when following up patients who
have received spinal or paraspinal in-
jections of contaminated methylpred-
nisolone.7 The CDC recommends that
anyone who received these injections
and who has new or worsening symp-
toms at or near the injection site, un-
dergo a contrast-enhanced MRI. In ad-
dition, the CDC recommends that
clinicians should consider obtaining an
MRI with contrast of the injection site
in patients with persistent but base-
line symptoms.

Our findings support obtaining
contrast-enhanced MRI of the injec-

Table 2. Clinical Findings in 35 Cases of Probable and Confirmed Fungal Spinal or Paraspinal Infections (continued)

Sex
CDC Case

Statusa Symptomsb

Time From
Last Injection

to Abnormal MRI, d MRI Findings Initial Treatment
Operative

Intervention Outcomec

Female Confirmed Yes 61 Paraspinal infectione

Enhancementf
Voriconazole Yes Improved

Female Confirmed Yes 126 Epidural infectiond

Enhancementf
Voriconazole �
liposomal amphotericin B

Yes Improved

Female Confirmed Yes 156 Paraspinal infectione

Enhancementf
Spinal osteomyelitisg

Voriconazole Yes Improved

Female Probable No 172 Spinal osteomyelitsg Voriconazole �
liposomal amphotericin B

No Improved

Female Confirmed Yes 154 Epidural infectiond

Paraspinal infectione

Enhancementf

Voriconazole �
liposomal amphotericin B

Yes Improved

Female Probable Yes 192 Epidural infectiond

Enhancementf
Voriconazole �
liposomal amphotericin B

Yes Improved

Abbreviation: CDC, Centers for Disease Control and Prevention.
aProbable spinal or paraspinal infection defined as MRI evidence of osteomyelitis, abscess, or other infection (eg, soft tissue infection) of unknown origin in the spinal or paraspinal struc-

tures at or near the site of epidural or paraspinal injection with contaminated methylprednisolone. Confirmed spinal or paraspinal infection defined as having had any of the above
findings plus microbiological, molecular, or histopathological evidence of a fungal pathogen.

bWorsening back or neck pain, radiculopathy symptoms, or lower-extremity weakness.
c Improved outcome indicates that the patient was discharged from the hospital while continuing to take voriconazole.
dAny abscess and/or phlegmon above the dura.
eAny abscess and/or phlegmon in the paravertebral muscles, facet joints, or structural ligaments.
fModerate or severe epidural or paraspinal enhancement.
g Includes diskitis.
hMild paraspinal enhancement.
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tion site in patients with persistent
back pain even when their pain disor-
der has not worsened. Such patients
have been found to have abscesses,
phlegmons, and spinal osteomyelitis
or diskitis with MRI. A proactive out-
reach to patients receiving injections
from a highly contaminated lot,
especially lot No. 06292012@26, is
needed. Magnetic resonance imaging
may detect infection earlier in some
patients, leading to more efficacious
medical and surgical treatment and
improved outcomes.
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Many persons have a wrong idea of what constitutes
true happiness. It is not attained through self-
gratification but through fidelity to a worthy pur-
pose.

—Helen Keller (1880-1968)
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