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Abstract
Study design Retrospective cohort study.
Objectives To describe the demographics, clinical presentation, and functional outcomes of fibrocartilaginous embolic
myelopathy (FCEM).
Setting Academic inpatient rehabilitation unit in the midwestern United States.
Methods We retrospectively searched our database to identify patients admitted between January 1, 1995 and March 31,
2016, with a high probability of FCEM. Demographic, clinical, and functional outcome measures, including Functional
Independence Measure (FIM) information was obtained by chart review.
Results We identified 31 patients with findings suggestive of FCEM (52% male), which was 2% of the nontraumatic spinal
cord injury population admitted to inpatient rehabilitation. The age distribution was bimodal, with peaks in the second and
sixth-to-seventh decades. The most common clinical presentation was acute pain and rapid progression of neurologic deficits
consistent with a vascular myelopathy. Only three patients (10%) had FCEM documented as a diagnostic possibility. Most
patients had paraplegia and neurologically incomplete injuries and were discharged to home. Nearly half of the patients
required no assistive device for bladder management at discharge, but most were discharged with medications for bowel
management. Median FIM walking locomotion score for all patients was 5, but most patients were discharged using a
wheelchair for primary mobility. Median motor FIM subscale score was 36 at admission and 69 at discharge, with a median
motor efficiency of 1.41.
Conclusions FCEM may be underdiagnosed and should be considered in those with the appropriate clinical presentation,
because their functional outcomes may be more favorable than those with other causes of spinal cord infarction.

Introduction

Fibrocartilaginous embolic myelopathy (FCEM) is a type of
ischemic myelopathy that occurs when a portion of the
fibrocartilaginous nucleus pulposus from the intervertebral
disk enters the nearby vascular system, which causes

occlusion of the spinal cord vasculature. This phenomenon
is well documented in the veterinary medicine literature as a
cause of acute-onset myelopathy in animals and is thought
to be the most common cause of ischemic myelopathy in
dogs [1, 2]. FCEM in humans, although clearly established
as a potential cause of myelopathy, is a less-studied and
most likely underdiagnosed condition [3, 4].

There are several proposed mechanisms for the devel-
opment of FCEM, with theories about how a portion of the
nucleus pulposus gains spinal cord-specific vascular access.
A portion of nucleus pulposus is thought to separate from
the disc after a sudden increase in intradiscal pressure that
may occur in instances of a sudden axial spinal load (e.g.,
heavy lifting, minor fall) or increased internal pressure
through a Valsalva-type maneuver (e.g., straining, cough)
[3–6]. The separated nucleus pulposus fragment is hypo-
thesized to then embolize into the general spinal vasculature
via adjacent vertebral sinusoids and vasculature in the case
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of Schmorl nodes, abnormal persistence of neonatal disc
vasculature that may occur in children or young adults, or
neovascularization of the disc from degenerative age-related
changes [3–8]. Once inside the general vertebral arterial
supply, the fibrocartilaginous embolus travels retrograde
through a radicular artery, with subsequent anterograde flow
into the anterior or posterior spinal arteries that serve the
spinal cord. This theory is supported by research showing
that intradiscal pressure can easily exceed arterial pressure
during activities such as lifting. Alternatively, spinal cord
venous system emboli may occur. After a fibrocartilaginous
embolus enters the vertebral venous system, anterograde
flow into the caval venous drainage system leads into the
valveless Batson plexus where the embolus travels retro-
grade into the parenchyma of the spinal cord. This theory is
supported by research showing that retrograde flow is
possible in the setting of increased intrathoracic and
intraabdominal pressure [3–6, 8].

FCEM was first identified in humans in a 1961 case
report detailing an autopsy-proven fibrocartilaginous
embolic infarct in the spinal cord of a 15-year-old boy who
died suddenly after the development of acute-onset tetra-
plegia after a seemingly trivial fall [7]. Since then, 41 his-
topathologically confirmed cases of fibrocartilaginous
embolism in humans have been reported [3]. In 2011,
Mateen et al. [4] proposed criteria for antemortem diagnosis
of FCEM. These criteria were later refined into an algo-
rithmic approach for clinical diagnosis of FCEM by
AbdelRazek et al. [3] in 2016. For a diagnosis of FCEM,
this algorithm requires (1) a clinical syndrome of acute
myelopathy; (2) no evidence of traumatic or compressive
myelopathy on the basis of history and spinal imaging; (3)
fulfillment of either one major criterion or two minor criteria
for spinal cord infarction; (4) absence of a more common
cause of spinal cord infarction (e.g., aortic pathologic pro-
cess); and (5) presence of at least one of the three following
criteria that established a high likelihood of FCEM: tem-
poral relation to an event that can cause increased intra-
discal or intraabdominal pressure, degenerative disc disease
near the infarction level, or up to one vascular risk factor
(defined as hypertension, diabetes mellitus, active smoking,
peripheral arterial disease, age > 60 years, or prior stroke).

The literature to date on FCEM in humans primarily
describes the clinical presentation of FCEM, with limited
detail on the functional outcomes in this population. Most
documented cases have been autopsy confirmed; in these
incidences, FCEM was fatal, which suggests overall poor
outcomes in this condition. Mateen et al. [4] found patients
with FCEM to have moderate to severe disability and
marked functional dependence using the Barthel index and
modified Rankin Scale. No known studies have evaluated
Functional Independence Measure (FIM) [9] scores in the
FCEM population.

The purpose of this study was to (1) use the clinical
diagnostic algorithm established by AbdelRazek et al. [3] to
retrospectively identify patients with a high likelihood of
FCEM; (2) add to the current literature about the clinical
presentation of FCEM; and (3) more completely describe
functional outcomes in this population.

Methods

The Mayo Clinic Institutional Review Board approved this
study. We used the Advanced Cohort Explorer (ACE)
program to identify potential cases for chart review. ACE is
a searchable database maintained by the Unified Data
Platform for research purposes. It contains information on
all patients seen at multiple clinical and hospital source
systems within Mayo Clinic, Rochester, Minnesota. Persons
who decline chart review for research purposes are excluded
from the ACE database. Using ACE, we searched for the
records of all patients admitted to our inpatient rehabilita-
tion unit between January 1, 1995 and March 31, 2016, with
a diagnosis of spinal cord injury (SCI), myelopathy, tetra-
plegia, or paraplegia by using the International Classifica-
tion of Diseases, Ninth Revision codes. Patients were
excluded if they had a coexisting diagnosis of spinal sur-
gery, spinal fracture, skull fracture, intracerebral or
intraspinal hemorrhage, intraspinal abscess, intraspinal
tumor, critical illness myopathy/polyneuropathy, aortic
aneurysm/dissection, or aortic surgery within 90 days
before or after the diagnosis of myelopathy or SCI (Sup-
plemental Figure). Among patients initially identified with
potential FCEM, we applied a diagnostic algorithm to
identify patients that had a high probability of FCEM
(described below). Potential cases of FCEM were addi-
tionally identified in a similar manner from the Mayo Clinic
SCI database, initiated in 1972. Two physical medicine and
rehabilitation resident physicians (BJM, AMB) performed
all chart reviews.

To identify cases that fit the clinical diagnosis of FCEM,
we used the schematic approach to diagnosing FCEM
outlined by AbdelRazek et al. in 2016 [3]. For the
purposes of this study, the algorithm was modified to
identify cases with a high probability of FCEM (Fig. 1).
The modification allowed patients to have up to one non-
specific inflammatory finding at initial evaluation (i.e.,
minimally increased cerebrospinal fluid (CSF) pleocytosis,
increased IgG index, or gadolinium enhancement on mag-
netic resonance imaging (MRI)) if all other criteria were
fulfilled. This modification was used because a substantial
percentage of those with histopathologically confirmed
FCEM had abnormal CSF findings (21%) or gadolinium
enhancement (18%) when CSF or MRI findings were
reported [3].
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For patients deemed to have a high probability of FCEM,
further detailed chart review was performed to abstract
demographic, clinical, and functional outcome data.
Demographic information included patient age, sex, and
body mass index (BMI) at the time of initial hospitalization.
Clinical outcome measures included vascular risk factors
and clinical features at initial evaluation, physical exam-
ination findings, CSF findings, MRI findings, and docu-
mented discharge diagnosis. Patients were considered to
have a vascular pattern on physical examination if there
was documentation of spared vibration or proprioception.
Vascular patterns on imaging were those with MRI T2
hyperintensity in an anterior spinal artery or posterior spinal
artery distribution. Functional outcome measures included
neurologic level of injury, neurologic completeness of
injury, inpatient rehabilitation length of stay (LOS), dis-
charge location, bladder management at discharge, bowel
management at discharge, and mobility status at discharge.
FIM scores at admission and discharge were obtained from
corresponding insurance-reported information during hos-
pitalization for inpatient rehabilitation. FIM motor effi-
ciency was calculated by dividing motor FIM change by
LOS in days. Functional outcome data from our SCI data-
base were also obtained for patients with a documented
vascular cause of myelopathy, including LOS and discharge
location.

Data for the patient group were summarized by
using basic statistical analyses and reported as counts
(percentages) or median (range or interquartile range
(IQR)).

Results

Among 689 patients initially identified from January 1995
through March 2016, 31 patients fulfilled the criteria for
high probability of FCEM as the underlying cause of their
acute myelopathy. During the same time frame, 2254
patients with SCI were admitted to the inpatient rehabili-
tation unit, with 1644 of those SCIs being nontraumatic.
Thus, patients with a high probability of FCEM made up
1.9% of the nontraumatic SCI population and 1.4% of the
total SCI population admitted for inpatient rehabilitation.

Demographic findings

The median age at injury was 53 years (range, 9–83 years)
(Table 1). A bimodal age distribution was present, with
higher incidence in the second and sixth to seventh decades.
Sex distribution was essentially equal, with 52% of patients
being male. Median BMI was 29.2 kg/m2.

Clinical and diagnostic findings

Most patients (68%) had 0 or 1 vascular risk factor, with the
most common being age and premorbid diagnosis of
hypertension. The most common presentations of FCEM
were acute pain (77%), rapid progression of neurologic
deficits (71%), and physical examination consistent with
vascular-distribution myelopathy (75%) (Table 1). Initial
work-up most commonly showed nonspecific increased
CSF protein levels (74%), spinal MRI with vascular

Fig. 1 Modified diagnostic
algorithm for fibrocartilaginous
embolic myelopathy (FCEM).
CSF cerebrospinal fluid, MRI
magnetic resonance imaging.
aModified from criteria by
AbdelRazek et al. [3] to allow
up to one present. (Modified
from AbdelRazek et al. [3].
Used with permission)

1146 B. J. Moore et al.



distribution abnormality (90%), and nearby degenerative
spine disease (80%). In patients with increased CSF protein
level (reference range either <35 or <45 mg/dL, per lab
specifications at date of collection), the median (range) level
was 60 (38–143) mg/dL. Most patients (65%) had no
nonspecific inflammatory findings (CSF pleocytosis,
increased IgG index, or enhancement on MRI). Some
degree of spinal cord gadolinium enhancement was seen on
MRI in 30% of patients imaged, with corresponding radi-
ologic reports describing enhancement as “minimal,” “pat-
chy,” or “consistent with evolving infarct.” One patient had
an increased IgG index (2.26) without increased CSF pro-
tein, CSF pleocytosis, or MRI gadolinium enhancement.
One patient had CSF pleocytosis (16 cells/mcL without
lymphocytosis), with nonspecifically increased CSF protein
(73 mg/dL) and no MRI gadolinium enhancement.

Discharge diagnosis was “spinal infarct—not otherwise
specified” in 52% and “transverse myelitis” or “idiopathic
transverse myelitis” in 26% of patients. Only 10% of
patients (n= 3) had FCEM documented as a diagnostic
possibility. The pediatric patients (n= 5) had increased CSF

protein level (20%) or nearby degenerative spine disease
(40%) less commonly than adult patients.

Functional outcomes

Median inpatient rehabilitation LOS for FCEM patients was
23 days (Table 2). Most patients had paraplegia (65%), had
incomplete SCI (94%), and were discharged to home
(84%). The pediatric subset, however, was slightly more
likely to have tetraplegia (60%), with two of the five
pediatric patients having high tetraplegia (C1−C4 neuro-
logic level of injury). FIM scores were available for 29 of
the 31 patients. Median motor FIM subscale was 36 at
admission, which improved to 69 at discharge. Median
motor FIM change was 28, and median LOS efficiency was
1.41 points/day. At discharge, nearly half the patients (48%)
required no assistive device for bladder management.
Median bladder FIM score at admission was 1, with
improvement to 5 at discharge (IQR, 1–6), which indicated
that they required assistance with setup or supervision, or
had 1 episode of urinary incontinence per week.

Table 1 Patient characteristics
and clinical data

Group

Characteristic All patients (N= 31) Children (n= 5) Adults (n= 26)

Median (range) age, y 53 (9–83) 14 (9–17) 59 (29–83)

Male sex 16 (52) 3 (60) 13 (50)

Median (IQR) BMI, kg/m2 29.2 (24.3–35.5) 23.9 (18.5–31.2) 29.7 (25.2–36.6)

Median (IQR) vascular risk factors 0 (0–2) 0 (0–0) 1 (1–2)

New neck or back pain at initial evaluation 24 (77) 4 (80) 20 (77)

Symptom progression within 8 h 22 (71) 2 (40) 20 (77)

Temporal relation to lifting 9 (30) (n= 30) 1 (20) 8 (32) (n= 25)

CSF proteina (n= 27) (n= 4) (n= 23)

Normal 7 (26) 3 (75) 4 (17)

Increased 20 (74) 1 (25) 19 (83)

Median value, mg/dL 60 46 61

MRI findings (n= 30) (n= 4)

Vascular pattern 27 (90) 4 (100) 23 (88)

Enhancement 9 (30) 2 (50) 7 (27)

Examination findings, vascular distribution 21 (75) (n= 28) 2 (100) (n= 2) 19 (73)

DDD near clinical level 24 (80) (n= 30) 2 (40) 22 (88) (n= 25)

Discharge diagnosis

Infarct NOS 16 (52) 0 (0) 16 (62)

Idiopathic TM 5 (16) 2 (40) 3 (12)

Myelopathy NOS 4 (13) 1 (20) 3 (12)

TM 3 (10) 1 (20) 2 (8)

FCEM 3 (10) 1 (20) 2 (8)

Values are given as “no. of patients (%)” unless otherwise specified

BMI body mass index, CSF cerebrospinal fluid, DDD degenerative disc disease, FCEM fibrocartilaginous
embolic myelopathy, IQR interquartile range, MRI magnetic resonance imaging, NOS not otherwise
specified, TM transverse myelitis
aReference range either <35 or <45 mg/dL, per lab specifications at date of collection
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The majority of patients were discharged with medica-
tions for bowel management (84%) (Table 2). Median
bowel FIM score at admission was 1 with an improvement
to 6 at discharge (IQR, 1–6). Nearly half of patients (45%)
at discharge were ambulating independently or with
supervision with or without a gait aid, and the rest (55%)
were mobilizing primarily from a wheelchair base. The
median walking locomotion FIM score, available for 26
patients, was 5 (IQR, 1–6), which indicates that either
standby supervision was required or independent ambula-
tion took more than a reasonable amount of time.

Median LOS for all patients with vascular causes of SCI
at our institution was 16 days, compared with the estimated
LOS of 23 days for the FCEM patients. Rate of discharge to
home for all patients with vascular causes of SCI (81%) was
similar to that for the FCEM patients.

Discussion

This study suggests that FCEM may affect a unique patient
population compared with other causes of SCI. Table 3
compares the patients with highly probable FCEM in this
study with published data for other categories of SCI. The
equal sex distribution for highly probable FCEM is in

contrast to the male predominance of traumatic SCI [10]
and the modest male predominance seen in the spinal cord
infarction population as a whole [11, 12]. The median age at
presentation of highly probable FCEM is older than for both
traumatic SCI [10] and transverse myelitis populations [13]
and is younger than for spinal cord infarction [11]. In
addition, our data suggest a possible bimodal age distribu-
tion for FCEM. This may reflect the different theorized
pathophysiologic mechanisms in FCEM, with abnormal
persistence of neonatal disc vasculature potentially affecting
teenagers and younger adults, and neovascularization of
discs with access through Schmorl nodes potentially
affecting middle-age to older adults. The median BMI in
this population was high (29.2 kg/m2), but this is believed to
be a reflection of the local population.

Differences were also seen when comparing the neuro-
logic involvement and functional outcomes of patients with
highly probable FCEM with those from published data for
other causes of SCI. The percentage of people with tetra-
plegia in highly probable FCEM was lower than in trau-
matic SCI and higher than the incidence in published
reports on spinal cord infarction [12, 14, 15]. This dis-
crepancy most likely stems from most spinal cord infarc-
tions being related to aortic pathologic processes, such as
complications of thoracoabdominal aortic aneurysm repair,

Table 2 Patient functional
outcomes

Group

Outcome All patients (N=
31)

Children (n=
5)

Adults (n=
26)

LOS, d 23 (11–42) 30.0 (13–98) 22.5 (11–42)

Discharge to home 26 (84) 5 (100) 21 (81)

Tetraplegia 11 (35) 3 (60) 8 (31)

High tetraplegia (C1−C4) 2 (6) 2 (40) 0 (0)

Neurologically incomplete 29 (94) 5 (100) 24 (92)

FIM motor score (n= 29) (n= 4) (n= 25)

At admission 36 (27–50) 25 (13–49) 36 (27–50)

At discharge 69 (54–79) 58.5 (32–81) 70 (56–79)

FIM motor efficiency, points/d 1.41 (0.68–2.5) 0.67
(0.20–5.33)

1.50
(0.93–2.5)

Discharge bladder status

Assistive device use 16 (52) 2 (40) 14 (54)

FIM score 5 (1–6) 5.5 (2–7) 4 (1–6)

Discharge bowel status

Medication use 26 (84) 5 (100) 21 (81)

FIM score 6 (1–6) 2 (1–5) 6 (1–6)

Discharge ambulatory status

Walking independently, with supervision, or with a
gait aid

14 (45) 2 (40) 12 (46)

Mobilizing from a wheelchair base 17 (55) 3 (60) 14 (54)

Values are given as “no. of patients (%) or median (interquartile range)”

FIM Functional Independence Measure, LOS length of stay
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which are, thus, more likely to affect the thoracic spinal
cord [15–17]. In contrast, FCEM theoretically can occur
anywhere along the cord. The pediatric subset of
highly probable FCEM was even more likely to have
tetraplegia, with three of five pediatric patients having
tetraplegia. Of interest, the only two patients in this study
with high tetraplegia (C1−C4) were children. Although
patients with highly probable FCEM had a higher neuro-
logic level of injury, they were more likely to have an
incomplete SCI than those with spinal cord infarction
[12, 14, 15].

With regard to functional outcomes, FIM motor effi-
ciency was superior in the highly probable FCEM patients
than patients with spinal cord infarction [14, 15] but was
similar to efficiency data for traumatic SCI [18]. These
findings, taken together, suggest that although persons with
FCEM may be more likely to have a higher neurologic level
of injury than for all other causes of ischemic myelopathy,
the myelopathy severity may be milder. This may be partly
due to the increased likelihood of an incomplete SCI as well
as the younger age of presentation in FCEM.

Compared with all vascular causes of SCI at our insti-
tution, patients with highly probable FCEM had longer
overall inpatient rehabilitation unit LOS, with similar dis-
charge rates to home. The longer LOS may have been
related to the higher neurologic levels of injury or because
they were demonstrating greater functional improvements,
as evidenced by higher FIM efficiency scores.

Currently, FCEM is considered an uncommon cause of
spinal cord infarction in humans, but it may be an under-
recognized diagnosis [3]. Our data support this perspective,
because FCEM was mentioned as a diagnostic possibility
for only 10% of the identified patients. After spinal cord
infarct—not otherwise specified, idiopathic transverse
myelitis was the most commonly encountered discharge
diagnosis in these patients. This may reflect a decreased
awareness of FCEM compared with more familiar diag-
noses such as transverse myelitis. Unfortunately, mis-
diagnosis of FCEM may result in ineffective treatments that
have potential risk, such as immunosuppressant medications
or plasma exchange.

The incidence of FCEM is currently unknown. FCEM
has been reported to account for 5.5% of all cases of acute
spinal cord infarction [4]. Those data, however, most likely
underestimate the frequency, because they did not account
for potential misdiagnoses of nonvascular causes of mye-
lopathy, such as idiopathic transverse myelitis. Vascular
myelopathies are estimated to represent 5−8% of acute
myelopathies [16]. The current study findings, with FCEM
capable of representing 2% of all nontraumatic spinal cord
injuries in patients admitted to the inpatient rehabilitation
unit, suggest that FCEM is more common than previously
thought.

This study has some limitations. It is a retrospective chart
review that is limited to the information available in the
medical record. In addition, the most definitive way to
diagnose FCEM is by autopsy. To improve the reliability of
patient classification, a diagnostic algorithm described by
AbdelRazek et al. [3] was used to identify cases of FCEM.
Although imperfect, the algorithm is the best available tool
to diagnose FCEM in living patients. The sample size is
also relatively small, and the follow-up duration is relatively
short. This study, however, is one of the largest published
on FCEM and provides an alternative perspective regarding
outcome potential. Finally, because the target population
focused on persons who were admitted to inpatient reha-
bilitation, the results may not be generalizable to patients
with FCEM overall.

Conclusion

FCEM may be an underrecognized cause of spinal cord
infarction and should be considered in cases of acute-onset
myelopathy without other identifiable causes, especially in
patients without corresponding inflammatory markers.
FCEM appears different from other causes of nontraumatic
myelopathy in that it has a bimodal age distribution and
equal sex distribution. Patients we identified as having a
high likelihood of FCEM also have favorable functional
outcomes at the time of discharge from inpatient rehabili-
tation, which contradicts the suggested notion of poor
outcomes.

Table 3 FCEM comparison with other SCI populations

Population Age, y Male
sex, %

Tetraplegia,
%

Neurologically
incomplete, %

FIM motor efficiency,
points/d

FCEM (current study) 53 (median); bimodal in 2nd and
6th–7th decades

52 36 94 1.41 (median)

All causes of spinal cord
infarction [11, 12]

55–64 (means) 63–66 7–13 70–75 0.35 (median) to 0.70
(mean)

Traumatic SCI [10, 18, 19] 35.1–42 (means) 81 51–59 51–67 1.4–1.7 (means)

Transverse myelitis [13, 20, 21] Bimodal in 2nd and 4th decades 44–47 40 67 NA

FCEM fibrocartilaginous embolic myelopathy, FIM Functional Independence Measure, NA not available, SCI spinal cord injury
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