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Abstract

Purpose The lumbar epidural lipomatosis (LEL) is a rare disease that can cause sciatic pain syndrome or neurological deficits
comparable to symptoms caused by a classical spinal canal stenosis. In severe cases surgical decompression was conducted.
However, the outcome after decompressive surgery has only been investigated in small case series. In this study we compared
the outcome of LEL patients after microsurgery with the outcome of patients with classical spinal stenosis (CSS).
Methods Patients with LEL (n=238) and patients with CSS (n=51), who received microsurgical decompression, were fol-
lowed in a prospective observational study for 3 years. The clinical results including the Oswestry Disability Index, Numeric
Pain Rating Scale (NRS), Roland and Morris Disability Questionnaire, the Short Form-36 Score and the Walking Distance
were analysed and compared between both groups.

Results Patients with LEL improved significantly after microsurgical decompression in a 3-year follow-up concerning back
pain, leg pain and pain-associated disability equal to patients with CSS (NRSy,c 11, preop. = 0-43 NRSp0 55 preop. = 6-3;
NRSback_LEL_3—years = 3'2; NRSback_CSS_3—years = 3'6; NRSleg_LEL_preop. = 6'3; NRS]eg_CSS_preop. = 6'5; NRSleg_LEL_S—years = 2'5;
NRS,¢, cs5_3-years =295 ODIy g1 preop. =52.7; ODlgg preop=51.8; ODIy gy, 3 years =32.35 ODlgg 3 yeqrs =27.6). The micro-
surgical decompression had a positive effect on the health-related quality of life, and patient satisfaction was high in both
groups (LEL group—71%, CSS group—69%).

Conclusions LEL can influence the quality of life dramatically and cause a high degree of disability. A surgical decompres-
sion is a safe and effective procedure with a good clinical outcome comparable to the results in patients with an osteoliga-
mentous spinal stenosis. Therefore, microsurgical decompression can be recommended in patients with LEL if conservative
treatment fails.

Graphical abstract These slides can be retrieved under Electronic Supplementary Material.

Key points Take Home Messages

1. Spinal Epidural Lipomatosis 1. Lumbar epidural lipomatosis can be responsible for back pain, leg
pain, disability and loss of Quality of Life.

2. Lumbar Spinal Stenosis
2. Microsurgical decompression is an effective and save therapy for
3. Microsurgical decompression treatment of symptomatic lumbar epidural Lipomatosis.
4. Walking Distance 3. Surgical decompression of lumbar epidural lipomatosis goes along
with a good long-term outcome, which is comparable to the results of
patients with osteoligamentous spinal stenosis.

5. Quality of Life
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Introduction

Lumbar epidural lipomatosis (LEL) is defined by an epidural
space occupying accumulation of fat resulting in a narrow-
ing of the spinal canal. It can occur idiopathically as well as
secondarily due to Cushing syndrome, obesity, endocrine
disorders and is associated with a high visceral fat accumu-
lation in patients [1]. The LEL is a rare tissue collection.
However, it is detectible in about 6% of patients with symp-
tomatic spinal stenosis [2]. If the LEL is located in the lum-
bar spine, the cauda equina compression can result in symp-
toms with high pain intensity and severely reduced quality
of life comparable to a classical osteoligamentous spinal
stenosis. Radicular pain syndromes, back pain, immobility
and neurological symptoms up to a cauda equina syndrome
can occur. Therefore, an effective therapy concept for these
patients is needed. If the symptoms are mild, a conservative
treatment can be performed. If conservative treatment fails
or neurological symptoms appear, a surgical decompression
might be necessary and many case reports and case series
describe positive results concerning surgical decompression.
However, the general feeling of many surgeons still is that in
contrast to the osteoligamentous stenosis the surgical treat-
ment of LEL does not result in good outcomes and overall
remains frustrating. So far there is no prospective evidence
for LEL patients after microsurgery nor is there prospec-
tive evidence for medical therapy. This study was designed
to enable a long-term follow-up of patients with epidural
lipomatosis and to compare the results with those of patients
with classical spinal stenosis in a prospective observational
manner.

Materials and methods

Patients with symptomatic lumbar epidural lipomatosis and
patients with classical spinal stenosis, who have been oper-
ated between 2013 and 2015, were prospectively followed
for 3 years and outcome scores were analysed.

All patients suffered from symptoms typical for spinal
stenosis, e.g., sciatica and back pain. Symptoms were refrac-
tory to conventional pain therapy including physiotherapy,
manual therapy and pain medication. All patients received
a microsurgical decompression via a one-sided laminotomy
with undercutting and bilateral decompression, hemilami-
nectomy or laminectomy. Before surgery functional X-rays
of the lumbar spine were performed in all patients to exclude
an anterior sliding of the stenotic segment. A stable spon-
dylolisthesis Meyerding Grade I was detected in ten patients.
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Study design and ethical approval

Data were collected in a prospective observational study. An
informed consent was enrolled from all included patients.
The ethical approval was given by the local ethics committee
(reference number: EA1/101/17).

Diagnosis of lumbar epidural lipomatosis

The LEL was diagnosed in preoperative MRI scans. Epi-
dural fat was identified due to its hyperintensity in T1 and T2
images. If a space occupying fat accumulation resulted in a
compression of the dural sac, a lipomatosis was diagnosed.
Thirty-eight patients met these criteria and were decom-
pressed microsurgically (Fig. 1).

All patients with LEL were graded using the Ishikawa and
the Borré classification [3, 4].

Groups

The patients were assigned to the lumbar epidural lipoma-
tosis group (LEL group) or to the Classical Spinal Stenosis
Group (CSS group). Age, gender, body mass index (BMI),
follow-up time, operated levels, complications, pain medi-
cation and besides diseases were collected and compared to
compare the demographic parameters of the groups.

Radiographic parameters

Radiographic parameters were analysed on preoperative
full spine standing X-rays to visualize factors influencing
patients’ outcome as preoperative spino-pelvic parameters.
Pelvic and spinal parameters were collected including the
pelvic incidence, pelvic tilt, the sacral slope, the lumbar
lordosis and thoracic kyphosis, the spino-sacral angle,
the sagittal vertical axis (SVA, vertical distance between
C7 plumb line and the posterior edge of the sacrum) and
sacrum-bicoxofemoral distance (SFD, distance between the
posterior edge of sacrum and the femoral heads). To assess
the global sagittal balance, the ratio of the C7 plumb line to
the sacrum-bicoxofemoral distance (C7PL/SFD) was cal-
culated [5, 6].

Clinical outcome measurements

Clinical outcome scores were collected preoperatively,
1 year and 3 years after surgery. Patients completed the
11-point Numerical Rating Scale (NRS) for leg and back
pain for the assessment of pain level. The Walking Distance,
the Oswestry Disability Index (ODI) and the Roland and
Morris Disability Questionnaire (RMDQ) were completed
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Fig. 1 Representative radio-
graphs displaying MRI scans of
a patient with multisegmental
LEL before (a) and 3 years
after (b) surgical decompres-
sion. a On the left—sagittal
T1-weighted MRI shows mul-
tisegmental lipomatosis hyper-
intense in the spinal canal. On
the right—axial T2-weighted
MRI shows the highly stenotic
levels L3/4 and L4/5 due to
epidural lipomatosis. b On the
left—sagittal T1-weighted MRI
shows the fat tissue could be
removed due to decompressive
surgery. On the right—axial
T2-weighted MRI shows the
decompression of the stenotic
levels L3/4 and L4/5

to investigate the pain-associated disability of the patients.
Health-related quality of life was displayed by the Short
Form-36 Health Survey. Furthermore, Odom’s criteria were
collected to illustrate patients’ satisfaction.

Statistical analysis

For statistical analysis GraphPad Prism 5.0c (San Diego,
CA, USA) was used. After analysing the normal distribu-
tion, either the Kruskal-Wallis test or the analysis of vari-
ance (ANOVA) was performed to compare both groups. To
compare measurements in the single groups at each point

in time, ANOVA or Friedmann test was used. We defined p
values below 0.05 as statistically significant.

Results
Groups

Thirty-eight patients who have been operated between 2013
and 2015 were assigned to the LEL group. Fifty-one patients
who were observed on the same follow-up interval were
included in the CSS group. Demographic parameters such
as age, gender and BMI were very similar in both groups.
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Beyond that, there was no difference concerning the amount
of operated segments and perioperative complications. How-
ever, in the LFL group the most frequent stenotic segment
was L5/S1, whereas the most frequent stenotic segment in
the CSS group was L4/5 (p =0.002). With 50% the amount
of patients with preoperative daily opioid use was higher in
the LEL group than in the CSS group (27%) (Table 1).
Three patients suffered from rebleeding, and 2 of them
needed a surgical evacuation of the haematoma. Two
patients suffered from postsurgical pneumonia, one from
postoperative cerebrospinal fluid fistula, and one patient
from postoperative superficial wound healing disturbance,
which did not need further surgical procedures (Table 1).

Lumbar epidural lipomatosis

Thirty-eight patients with lumbar epidural lipomatosis pre-
sented with different types of fat distribution in the epidural
space. Some patients presented with a monosegmental lum-
bar stenosis due to an isolated epidural Lipomatosis (n=6;
Fig. 2a), several patients suffered from a LEL localized at the
lumbosacral junction (n=14; Fig. 2b), and several patients
appeared with a multisegmental LEL (n = 18; Fig. 2c).

All patients with LEL were graded with Grade 2 or 3 in
Ishikawa classification and Grade 2 or 3 according to the
Borré Classification (Fig. 2) 3, 4].

Twenty-two patients (58%) suffered from a BMI higher
then 30, 16 patients (42%) suffered from type 2 diabetes,
28 patients (74%) suffered from arterial hypertension, 12
patients (34%) received permanent glucocorticoid medica-
tion, and 4 patients (11%) suffered from hypothyroidism.

In 30 of 38 patients with LEL, perioperative blood
lipid levels were available. LEL patients presented with an
increased blood cholesterol level (202 + 38 mg/dl) as well as
increased LDL level (152 +46 mg/dl) and increased triglyc-
eride level (211 +90 mg/dl). Altogether 24 of 30 patients
with LEL presented with generally increased blood lipid and
lipoprotein levels.

Surgical technique

All patients received a microsurgical decompression. The
approach was either a unilateral laminotomy with decom-
pression of the ipsilateral side and undercutting for decom-
pression of the contralateral side [7] or a hemilaminectomy
with undercutting to the contralateral side. In the LEL group
32% of patients received a hemilaminectomy, whereas in the
CSS group only 14% were operated via a hemilaminectomy
approach (Table 1). The fat which was accessible via the
chosen approach was removed along the dural sac bilaterally.

Sagittal parameters

The measurements of preoperative sagittal parameters were
very similar in both groups. In the LEL group 3 and in the
CSS group 7 as you can see in Table 2 patients appeared
with a spondylolisthesis Meyerding Grade 1 without major
instability in functional X-rays. Sacro-pelvic parameter, lum-
bar lordosis and thoracic kyphosis were comparable in both
groups. Furthermore, in both groups patients suffered from
a loss of sagittal balance illustrated by the sagittal vertical

Table 1 Patients’ data

Lumbar epidural lipoma-  Classical spinal stenosis p (btw. groups)

tosis n=38 n=51
Follow-up (months) 37.2+8.1 37.8+7.9 0.666
Age (years) 70.0+8.3 729+9.4 0.105
Gender m=22,f=16 m=28, f= 23 0.781
BMI (kg/m?) 29.8+5.5 28.1+5.0 0.131
Operated levels/patient 1.6+0.9 1.6+0.7 0.685
Complications (n) 3(7.9%) 4 (7.7%) 0.862
Hemilaminectomy (7) 12 (32%) 8 (14%) 0.077
Segments (L1/2/L.2/3/L3/4/L4/5/  0/8/8/17/21 0/11/30/36/5 0.002
L5/S1)
Preop. daily opioid use (n) 19 (50%) 14 27%) 0.029

Follow-up time, age, gender (f=female, m=male), body mass index (BMI), operated levels per patient,
perioperative complications (complications), the number of hemilaminectomy approaches do not differ sig-
nificantly between the groups. In the classical spinal stenosis group 4/5 was very frequently the affected
level, whereas in the lumbar epidural lipomatosis group the fat accumulation was more frequently on L5/
S1. A higher percentage of patients with epidural lipomatosis received daily opioid medication preopera-
tively than in the classical spinal stenosis group

Values are given as mean values + standard deviation

p values below 0.05 were defined as statistically significant
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Fig.2 Representative radiographs displaying MRI scans of different
types of LEL with a sagittal T1-weighted MRI in the upper images
and axial T2-weighted MRI scans in the lower images. a Monoseg-
mental lumbar LEL with only a single stenotic level in L2/3 (decom-
pression via a laminotomy easily possible). b Multisegmental LEL
with only a single stenotic level at L5/S1. The fat accumulation is

L2/3 L3/4

L4/5

compressing the dural sac not only on the height of the vertebral disc,
but also dorsal to the vertebral body L5 (decompression via a hemi-
laminectomy L5 should be preferred to address the whole stenotic
area). ¢ Multisegmental LEL with several stenotic segments at L.2/3
L3/4 and L4/5 (a hemilaminectomy of L3 and L4 and partly of L2

lamina should be preferred)

Table 2 Radiological
parameters

Lumbar epidural lipomato-  Classical spinal stenosis

p (btw. groups)

sis n=38 n=51
LL (°) 4224125 429+12.6 0.698
TK (°) 343+13.7 39.5+12.2 0.271
PI(°) 54.8+9.8 55.4+13.1 0.751
SS (®) 352+6.8 35.6+11.6 0.958
PT (°) 19.8+8.4 19.7+7.3 0.851
SSA (°) 117.4+5.21 121.3+134 0.335
SVA (mm) 56.0+38.1 43.9+40.7 0.340
C7/SFD 1.0+£0.7 09+0.9 0.633
Spondylolisthesis (I°) 3 7 0.395

Sagittal spinal curvature: lumbar lordosis (LL) and thoracic kyphosis (TK)

Pelvic parameters: pelvic incidence (PI), pelvic tilt (PT), sacral slope (SS)

Balance parameters: spino-sacral angle (SSA), sagittal vertical axis (SVA), the ratio between SVA and the
vertical bicoxofemoral axis (C7/SFD) and the presence of a spondylolisthesis Meyerding Grade 1 were
analysed from preoperative radiographs

Values are given as mean values + standard deviation
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axis (SVA), the spino-sacral angle and the ratio of the SVA
to the sacro-femoral distance (Table 2).

Clinical baseline parameters

The clinical baseline parameters were very similar in both
groups. There was no significant difference concerning NRS,
ODI, RMDQ or health-related quality of life when patients
were elected for surgery (Table 3).

Clinical outcome parameters

In both groups, surgical decompression had a very similar
effect on the clinical course of the patients. The patients ben-
efitted strongly concerning their level of leg pain and back
pain. This results in the distinct improvement resulted in a
multiplication of the walking distance in both groups. Equal
results were measurable regarding the ODI and RMDQ.
Patients presented with a clearly reduced pain-associated
disability. The physical component summary of the Sf-36
score showed a significant improvement concerning the
health-related quality of life. The mental component sum-
mary of the SF-36 improved after surgical decompression as
well, however not statistically significant (Table 3).

Due to the clinical benefit, the patient satisfaction in both
groups was high. In the 3-year follow-up 70% of patients
in the LEL group scored Odom’s criteria with “good” or
“excellent as 69% of patients in the CSS group did (Table 3).

Table 3 Outcome parameters

Six patients suffered from an isolated lumbar lipomatosis,
20 from a lumbosacral lipomatosis, and 12 from a multi-
segmental lumbar lipomatosis. All three subgroups ben-
efitted from surgical decompression. Although the clinical
outcome was slightly better in the group with lumbosacral
LEL (IsLEL) compared to patients with isolated lumbal
LEL (iILEL) and multisegmental lumbar LEL (mLEL)
((A difference between preoperative scores and 3-year
scores) ANRS, ., iy, =2.8 1.9, ANRS,¢, 1 g =4.8£3.1;
ANRS ¢, g =2.8+£2.8; ANRS, g =1.5+2.9;
ANRSp, 1515 =4.2£2.8; ANRS, 4 g =2.4£5.0), this
difference was not statistically significant.

Discussion

This prospective observational investigation is the most
extensive study to illustrate the long-term course of patients
with a symptomatic spinal stenosis caused by lumbar epi-
dural lipomatosis, who received a microsurgical decompres-
sion of the stenotic levels. Patients were followed for 3 years
after surgery and showed a very favourable outcome scoring
with a distinct improvement of pain, pain-associated dis-
ability and health-related quality of life. The results of 38
LEL patients were compared to 51 patients with classical
spinal stenosis, and no obvious difference could be seen con-
cerning all outcome scores in both groups. A simultaneous
clinical improvement of both groups could be recorded, and
the overall benefit lasted for 3 years. The satisfaction rate

Outcome Preoperative 1-Year follow-up 3-Year follow-up

LEL CSS LEL CSS LEL CSS
NRS leg 6.3+2.5 6.5+3.0 33+3.1%* 2.4 42.6%%* 2.5+2.6%* 2.9 43 3%k
NRS back 6.4+23 63+33 3.6+£2.9%* 2.3 4£2.5%%* 3.243.0%** 3.6+3.0%%*
Walking distance (m) 287+814 786 + 1408 1242 +1664%** 2192 + 19497 1440 4 1797 1993 +2037%**
ODI (%) 52.7+11.6 51.8+13.6 34.8 +18.2%%* 23.4+16.3%%* 32.3+£19.9%%* 27.6 £20.6%**
RMDQ 13.8+4.9 144+54 8.6+6.3* 6.1 +£5.3%* 8.4 +6.3%** 8.0+£7.3%%*
SF-36 PCS 24.1+52 249+6.8 35.7+10.0%** 38.9+9.5%%* 36.9+ 11.5%** 355+ 11.3%**
SF-36 MCS 39.2+10.9 41.3+10.3 44.0+11.7 483+11.8 44.7+13.5 47.3+13.1

Odom’s criteria (n) - —

66% Satisfaction
13 Excellent

73% Satisfaction
23 Excellent

71% Satisfaction
15 Excellent

69% Satisfaction
21 Excellent

12 Good 14 Good 12 Good 14 Good
5 Fair 9 Fair 5 Fair 7 Fair
8 Poor 5 Poor 6 Poor 9 Poor

Clinical outcome parameter: preoperative and follow-up outcome parameters of patients with spinal epidural lipomatosis (SEL) and classical

spinal stenosis (CSS)

Both groups show a significant improvement 1 year and 3 years after surgery concerning back pain and leg pain indicated by Numeric Pain Scale
(NRS), Walking Distance, Oswestry Disability Index (ODI), Roland and Morris Disability Questionnaire, Short Form-36 Health Survey (SF-36)

and Odom’s criteria
There was no statistical difference between the groups

**p <0.01, ***¥p <0.001 compared to preoperative scores
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of the patients in the LEL group was 71% and in the SCS
group 69%. These results are comparable to larger studies
investigating the outcome of patients with classical spinal
stenosis [8].

While the pathogenesis of spinal epidural lipomatosis
is largely unknown, there are currently several hypotheses,
which try to explain the pathological epidural fat accumula-
tion. A highly rated factor is a dysfunctional metabolism as
in endogenous increased glucocorticoid production or iat-
rogenic administration. Corresponding to that, several case
reports and case series described an association of patients
with LEL with Cushing syndrome [9] due to steroid therapy
or in patients with endocrinological disease like Cushing’s
disease. Other studies reported obesity to be responsible
for LEL [10]. One study described spinal lipomatosis to be
associated with a higher visceral fat accumulation, higher
insulin and elevated uric acid levels (metabolic syndrome)
[1, 11]. Another subgroup of patients with spinal lipomatosis
might be idiopathically affected without secondary disease
being responsible for the epidural space occupying fat col-
lection [12].

These multiple causes for LEL suggest that many dif-
ferent treatment concepts might be necessary to offer a
causal therapy for every individual patient. Case reports
described the possibility of diets to reduce the epidural fat
component [13, 14]. There are several supplementary con-
servative approaches, one of them being the optimization
of medical treatment for endocrine disorders (hypothyroid-
ism, hypercortisolism) or the reduction of iatrogenic glu-
cocorticoid medication, and these are likely to result in a
reduction of disabling symptoms. In cases of mild manifes-
tation of LEL a conservative causal treatment is a possible
approach, which has been favourized in literature reviews
[15]. In patients with severe neurological deficits [16] or
significantly reduced mobility, a decompressive surgery
has been performed as a reasonable treatment and the con-
ceptual approach was mainly adopted from classical spi-
nal stenosis patients [17]. The operative approach in these
stronger affected patients has been analysed by case reports
and small case series; they report distinct clinical improve-
ment of mobilization due to surgical decompression [18].
However, the scientific evidence for conservative treatment
is low as well as scientific evidence for surgical treatment
is low. Up to date there is no study comparing conservative
treatment to surgical therapy. Furthermore, there is not a
single prospective study investigating the long-term course
of LEL patients. In our present study we could underline
that microsurgical decompression of patients with LEL is
safe and successful, and in addition to that distinct clinical
improvement continues for at least 3 years in decompressed
LEL patients. As far as we know, our study currently repre-
sents the largest prospective investigation of the short- and
long-term clinical course of LEL patients.

The characteristics of the LEL patient cohort in our
study were similar to those of other studies. 32% of
patients had a glucocorticoid-associated LEL. More than
50% of patients had a metabolic syndrome, and the major-
ity of LEL patients were male. Overall, these data are
congruent to previous study results [3, 19]. The reason
for that is not conclusively clarified. However, it is well
known that men with the same degree of overweight have
a significantly higher amount of visceral fat compared to
women [20]. This visceral type of fat distribution might
be associated with the epidural fat accumulation in the
spinal canal.

The distribution of the stenotic segments in the lumbar
spine of LEL patients and CSS patients is very similar as
it was found in earlier case series [3, 19]. LEL is known to
appear mostly at the lumbosacral segment, whereas CSS is
more often localized at L3/4 and L4/5 [17]. Patients with
LEL appeared with a higher preoperative opioid use than
patients with CSS, which indicates that in patients with LEL.
the diagnosis is made late and the conservative treatment has
been exhausted.

In this study a microsurgical approach via a laminotomy
with undercutting or a hemilaminectomy approach was
used depending on the individual decision of each surgeon.
Because the LEL pathology is not only localized at the level
of the vertebral disc but on the entire height of the vertebral
body as well, a hemilaminectomy might be necessary in
some multisegmental cases. The hemilaminectomy approach
enables a decompression of the dural sac along the entire
rout (Fig. 2) and facilitates the achievement of haemostasis,
which might have had an influence on decision making of
the responsible surgeon. Corresponding to that, the hemi-
laminectomy was the approach of choice in 32% of cases in
the LEL group and only in 14% of cases in the CSS group.

One limitation of this study is the number of recruited
patients, which is owed to the low incidence of symptomatic
LEL. Further, we did not investigate the outcome of patients,
who received the best medical treatment for LEL. Therefore,
a comparison of operative and conservative treatment for
symptomatic LEL is missing. This comparison should be
performed in a future study.

The prevalence of spinal epidural lipomatosis in patients
who received an MRI of the spine with and without spine-
related symptoms is 2.5% [21]. The prevalence in patients
with a symptomatic spinal stenosis is about 6% [2]. In
accordance with that, the frequency of patients with LEL
and the awareness of this disease being responsible for spine-
related symptoms like back pain and sciatica are highly
probably underestimated [22]. Considering these facts the
relevance to evaluate safe and standardized therapy plans
is indispensable. This study demonstrates that an operative
decompression of patients with LEL is a safe procedure with
a low rate of complications and long-term clinical benefit.
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Conclusions

This study illustrates that patients with symptomatic LEL
who received a microsurgical decompression have a favour-
able outcome concerning pain and pain-associated disability
as well as quality of life. Furthermore, a long-term benefit
after surgery is very likely, satisfaction rates are high, and
complication rates are low despite the obese, old and mul-
timorbid patient population. A surgical decompression can
be offered with a similar prognosis to patients with classical
spinal stenosis.

The answer is “no, fat does not matter””. Concerning the
outcome of decompressive microsurgery, there is no dif-
ference between patients with spinal stenosis—no matter
whether it is caused by osteoligamentous compression or
lumbar epidural lipomatosis.
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