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Congenital lumbosacral lipomas

Abstract Congenital lumbosacral
lipomas can be responsible for pro-
gressive defects. The general feeling
is that tethering of roots, filum, or
cord probably explains this evolu-
tion, and that untethering of these
structures could prevent late deteri-
oration. Like the vast majority of
neurosurgeons, we too have rou-
tinely and systematically operated on
lumbosacral lipomas, even in the ab-
sence of neurological deficits. This
policy stemmed from our belief that
spontaneous neurological deteriora-
tion was frequent, recovery from
preoperative deficits rare, and sur-
gery both efficient and benign in na-
ture. After 22 years of experience,
we felt that it was necessary to re-
view our series of 291 lipomas (38
lipomas of the filum and 253 of the
conus) operated on from 1972 to
1994. To reassess the value of pro-
phylactic surgery, we attempted an
accurate evaluation of (1) therisk of
pathology, (2) the risksinvolved in
surgery, (3) the postoperative out-
come with respect to preoperative
deficits, and (4) the postoperative
outcome in asymptomatic patients at
1 year and at maximum follow-up.
Special attention was paid to 93 pa-
tients whose postoperative follow-up
was more than 5 years (average 8.7,
median 8, range 5-23 years). Of
these 93 patients, 39 were asympto-
matic preoperatively (7 with lipoma
of the filum and 32 with lipoma of
the conus). Lipomas of the filum and
of the conus are entirely different

lesions and were studied separately.
In 6 cases prenatal diagnosis had
been possible. The mean age at sur-
gery was 6.4 years. Low back skin
stigmata were present in 89.4% of
cases. Preoperative neurological def-
icits existed in 57% of the patients
and were congenital in 22%. Clinical
signs and symptoms recorded were
pain in 13.3% of the patients and/or
neurological deficits affecting
sphincter (52%), motor (27.6%) and
sensory (22.4%) functions. Deficits
were progressive in 22.4% of cases,
slowly progressive in 58.8% of these
and rapidly progressive in the re-
maining 41.2%. In 36 patients
(13.2%) the lipomas were seen to
grow either subcutaneously or intra-
spinally. Among these patients,

21 were infants, 2 were obese ado-
lescents, and 10 were pregnant
women. The metabolism of the fat
within the lipomas was studied in

11 patients and found to be similar
to that at other sites. Lipomas were
associated with various other malfor-
mations, either intra- or extraspinal.
These associated anomalies were
rare in the case of lipomatous filum
(5.2%) but frequent with lipomas of
the conus, except for intracranial
malformations (3.6%). Therapeutic
objectives were spinal cord untether-
ing and decompression, sparing of
functional neural tissue and preven-
tion of retethering. Procedures used
to achieve these goals were subtotal
removal of the lipoma, intraoperative
monitoring, duroplasty, and some-



times closure of the placode. Histo-
logically, lipomas consisted of nor-
mal mature fat. However, 77% of
them also included awide variety of
other tissues, originating from ecto-
derm, mesoderm, or entoderm. This
indicates that lipomas are either sim-
ple or complex teratomas. The re-
sults of the study are as follows.

(1) Surgery was easy and safe when
performed for treatment of lipomas
of the filum (no complications), but
difficult and hazardous in the case of
lipomas of the conus (20% local,
3.9% neurological complications).
(2) All types of deficit could beim-
proved by surgery, which was bene-
ficial in al cases of lipoma of the
filum and 50% of cases of lipoma
of the conus. (3) In asymptomatic
patients long-term surgical results
depended on the anatomical type of
the lipoma. They were excellent in

lipomas of the filum. In lipomas of
the conus they were good in the
short term but eroded with time. At
more than 5 years of follow-up only
53.1% of the patients were still free
of symptoms. (4) Reoperations were
performed in 16 patients (5.5%),

5 (31.2%) of whom improved post-
operatively, whilein 7 (43.7%) pro-
gression stopped, in 3 (18.7%) dete-
rioration continued and in 1 (6.2%)
the condition was worse after sur-
gery. (5) The natural history of the
malformation, that is to say the risk
of spontaneous aggravation, has
only been evaluated in hospital in-
patients, so that the true level of risk
remains unknown. This means we
cannot interpret the actuarial curve
following surgery for asymptomatic
lipoma of the conus. In conclusion,
there are two different types of lip-
oma: lipoma of the filum, for which

surgery is harmless and beneficia

in both the short and the long term,
and lipoma of the conus, for which
surgery involves considerable risks
and is of questionable benefit in the
long term. This raises the question as
to whether prophylactic surgery is
indicated for patients with asympto-
matic lipomas of the conus, and
whether the outcome is any better
than it would be if the lipomawere
left to take its natural course. The
lack of basic information remains a
stumbling block to management of
these patients. Until thisis remedied,
we are unable to recommend prophy-
lactic surgery in patients with
asymptomatic lipomas of the conus.

Key words Lumbosacral lipoma -
Spina bifida - Prophylactic surgery -
Prenatal diagnosis - Tethered cord

Introduction

Congenital lumbosacral lipomas have been extensively
studied. Sincetheir first description, more than 2000 cases
have been reported in the French and English literature,
most of them in the past 50 years. Even at the end of the
last century, their anatomy had already been almost fully
described [67, 173, 182, 190]. By 1916, their clinical pres-
entation was well known, and risks of spontaneous neuro-
logical deterioration were widely emphasized [174]. Teth-
ering of roots[174], filum[91], or cord [ 111] wasdescribed
in early reportsasafrequent accompanying feature and be-
lieved to be a major cause of neurological deterioration.
As a consequence, untethering of cord and roots progres-
sively emerged asapossibleway of preventing further neu-
rological deterioration. In 1918, Brickner [29] operated on
asymptom-free patient. In 1937, Leveuf [115] questioned
whether early surgery could avoid the later development
of deficits. In 1950, Basset [18] strongly advocated pro-
phylactic surgery. At present, most neurosurgeons advo-
cate early and preventive removal of lipomas, mainly for
rapid untethering of the nervous system[7, 11, 12, 19, 32,
45,47,71,75,79, 84,93, 94, 109, 111, 116, 117, 119, 126,
145, 153, 157, 175, 184, 189, 193, 196]. Thishas also been
our policy [147, 148]. Since 1972, 291 of our 303 patients
with a lumbosacral lipoma have been operated upon, the
vast majority following first presentation, regardless of

their clinical condition. Routine and prophylactic surgery
was justified by our strong feeling that the risk of sponta-
neous neurological deterioration was high, the probability
of postoperative regression of preoperative deficits was
low, and surgery was benign in nature and offered the best
chance of prevention.

If thisisindeed the case, why bring up the subject for
reconsideration? There are two reasons. First, many as-
pects of lipomas remain poorly understood or unknown as
yet. Thisis the case for their embryogenesis, nature, and
rate of incidence. Second, there is no universal agreement
on the management of these, as may appear at first sight.
The small number of publications suggesting that surgery
should not be performed routinely [23, 28, 106, 152, 178]
or favoring diverse attitudes according to patient’ sage[47,
101] does not reflect reality. In fact, many neurosurgeons
and pediatricians are still reluctant to consider routine sur-
gery inasymptomatic patients. Besidesthe problem of pro-
posing surgery in the absence of deficits, the arguments
that have been put forward include our continuing ignor-
ance of the natural evolution of lipomas, which has been
evaluated only in patients who have been operated upon,
the wide variation in operative results among series, and
thevery short postoperative follow-up reported in most se-
ries.

All theseremarks are relevant. Healthy adult carriers of
the malformation are never included in medical statistics;
their frequency is, indeed, unknown. Postoperativefollow-
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up is not mentioned in 72% of the publications [149] and,
when published, does not exceed an average of 2.5 years.
Finally, only two series, each with amaximum of 10 cases,
compare the course in operated and non-operated patients
[32, 106].

Thevalue of routine and preventive surgery must there-
fore be reappraised. Thisimplies weighing and comparing
the risks of surgery against those of the disease itself, as
well as assessing the efficiency of surgery in the short and
in the long term.

A first section will discuss the most recent data con-
cerning the nature of lipomas, their anatomy, clinical pres-
entation, incidence and genetics, which all are necessary
for a good understanding of these malformations. A sec-
ond section will deal with surgery and surgical indications.
A third section will develop new hypothesesthat could ex-
plain the development of lipomasin the human. These hy-
potheses stem directly from recent studieson avian tail bud
growth mechanisms using the quail-chick chimera system
[41].

General considerations
The lipoma: nature and behavior
Pathology

In our series, 23% of the lipomas were made up of normal
mature adipocytes separated into clusters by numerouscol -
lagen bands (Fig. 1). These findings are similar to those
already described by many authors [55, 176, 178, 180],
who frequently termed these lesions “fibrolipomas” [55,
56]. In 77% of casesthe lesion was more complex, includ-
ing various other tissues originating from ectoderm, mes-
oderm, or endoderm (Table 1). The most frequent were of
mesodermal origin: striated muscular fibers (37%), nerves
(63%), and Vater-Paccini and Krause corpuscles (21%).
These formations were always intralipomatous and sur-
rounded by dense fibrosis. Tissues of neurectodermal ori-
gin were also common, such as glial or neuroglial tissue

Table1 List of ectopic tissues found within intraspinal lipomas:
Necker Enfants Malades (NEM) series

Entoderm Mesoderm Ectoderm
Epithelium Vessel Nerve
Intestine Striated muscle Neuroglia
Respiratory epithelium  Neurosensorial corpuscle  Meninges
Endometrium Meninges Ependyma
Lymphatic ganglia Cerebellum
Cartilage Epidermoid
Kidney cyst

Fig. 1 Photomicrograph of alipoma. Themassiscomposed of well-
differentiated adipose tissue. Fibrous septa divide the fatty mass.
(Haematoxylin-eosin, x 100)

Fig. 2 Photomicrograph of alipoma showing numerous renal cor-
puscles. Haematoxylin-eosin, x200)

(18%), arachnoid (7%), and ependymal or glio-ependymal
structures (5%). Other tissues were rarer: dermoid or epi-
dermoid cysts, cartilaginous (6%) or bony (3%) nodules,
lymphatic (3%) or nervous (1%) ganglia, angiomatousfor-
mations (4%), smooth muscle fibers (6%), cavities lined
withrespiratory or intestinal epithelium (2%), renal glome-
rules (<1%), and cerebellar tissue (<1%; Fig. 2). Inthelit-
erature, similar findings were also reported, but rarely [1,
18, 27, 67, 112, 162, 176, 180, 191]. In two cases, the lip-
oma included endometrial tissue [132, 156].

These findings show that lipomas may be more or less
complex lesions and could be considered as either simple
or complex teratomas. In the literature, complex forms
have been reported less frequently (10-25%) than they
have been observed in our experience, perhaps because
other series were smaller than ours or samples of the lipo-
mas were insufficient for correct histopathological study.
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Biology

Adipose tissue plays two major roles: lipid storage and
lipid mobilization in response to various hormonal and
metabolic stimuli. Increased lipid storageand reducedlipid
mobilization induce adipocyte enlargement and, in conse-
guence, promotion of fat.

Lipid storage (or lipogenesis) is controlled by lipopro-
tein lipase (LPL), an important enzyme in lipid and lipo-
protein metabolism. LPL issynthesized, glycosylated, and
secreted by adipocytes and subsequently anchored to vas-
cular endothelial cells, where this enzyme hydrolyzes the
trigliceridecoreof circulating chylomicronsand very-low-
density lipoprotein (VLDL) into free fatty acids (FFA).
These FFA are then taken up by the adipocytes to be rees-
terified into triglycerides. Insulin, the main lipogenic hor-
mone, plays a pivotal role in LPL regulation, because in-
sulin stimulates LPL synthesis, secretion and activity, and
also promotes glucose uptake, which is required to allow
FFA reesterification inside the fat cell. Lipid mobilization
(or lipolysis) proceeds through acomplex cyclic AMP-de-
pendent metabolic cascade involving hormone binding to
specific receptors located in the cell membrane, adenylate
cyclase modulation, intracellular cyclic AMP variation,
hormone-sensitive lipase activation and, finally, FFA and
glycerol release into the blood. In humans, cathechola-
mines are the major hormonal signals regulating lipolysis
in fat cells. These cathecholamines bind to two different
adrenergic receptors displaying opposite effects on lipol-
ysis: the beta-receptor subtype, which stimulates adeny-
late cyclase, cyclic AMP synthesis and lipolysis, and the
alpha2-receptor subtype, which when activated, inhibits
adenylate cyclase, cyclic AMP synthesis and lipolysis.

Todeterminewhether thefat cellsfrom congenital intra-
spinal lipomas behave in the same way as benign subcuta-
neous lipomas or as normal adipocytes, we have explored
the main factors known to be involved in both lipogenesis
(LPL andinsulin-stimul ated glucoseincorporationintotri-
glycerides) and lipolysis (numbers of beta- and alpha-ad-
renergic receptors, adenylate cyclase responseto beta- and
alpha-adrenergic agonists, cyclic AMP production and lip-
olytic activities) in the adipocytes from intraspinal lipoma
and normal adi posetissue. These studies showed that meta-
bolic activitiesin theintraspinal lipomacellswere similar
to those observed in the adjacent normal adipose tissue
[62]. Histologically, congenital intraspinal lipomas also
appear to be composed of normal adipose cells. Normal
and mature adipocytes have no potential evolution of their
own, but are capabl e of growth aswell asregression, along
with increase and decrease of the rest of the fatty pool.
Their behavior is comparable to that of the normal epidu-
ral fat. Epidural fat has also been shown to be capable of
growth and of spinal cord compression, not only in Cush-
ing disease but al so after high dosesof corticosteroids, both
of these situations leading to ageneral increase in adipose
tissue. These studies indicate that congenital intraspinal

lipomasareradically different from the various known lip-
omatoses. The latter are, in fact, benign, slow-growing fat
tumors, with a proven increase in lipogenesis and defec-
tive lipolytic activity.

Growth

It is widely accepted that congenital intraspinal lipomas
are anatomically stable lesions. Nevertheless, growth has
beenreportedin 15 cases|[8, 9, 13, 16, 18, 73,92, 118, 119,
130, 150], either subcutaneously or intraspinally [8, 16].
In 14 cases, theincreasein size of thelipomawas observed
preoperatively, and in 1, postoperatively [72]. In our se-
ries, lipomas have been seen to grow in 36 (13.2%) of the
patients (Fig. 3), subcutaneously in 28 cases (9%), and
intraspinally in 5 others (1.6%). In 3 of these 36 patients
(1%), thelipomarecurred postoperatively (Fig. 4), asit did
in the case reported by Hall [73]. Among our 36 patients,
21 were infants, 2 were obese adolescents, and 10 were
pregnant women. The last 3 had complex teratomas. In all
of these cases, lipomatous growth was easily understand-
able. When obesity occurs, there is a general increase of
the fatty pool, including that in the lipoma, which is made
up of normal adipocytes. The same process takes placein
young infants, in whom adipocytes increase in size [102],
to such a degree that the proportion of fat increases from
14% at birth to 25% at 6 months [158]. Lipogenesis also
increases at the beginning of gestation owing to secretion
of progesterone and estradiol, which accelerate the multi-
plication of preadipocytes and their differentiation into
adipocytes [159]. During pregnancy, the increase in intra-
cellular fluids and variations in venous pressure may also
play a part [150]. Rarely, growth of complex teratomas
may result from other mechanisms, such as bleeding of
intralipomatous endometrial implants [132], malignant
degeneration [118, 130], or recurrence of a previously in-
completely removed dermoid cyst, as seenin 1 of our pa-
tients [149].

The malformation complex

Lumbosacral lipomas have been extensively described
[42—44, 149]. They form a heterogeneous group of lesions
which have been variously classified [42, 47, 56, 71, 79,
125, 149, 152, 155, 157, 165, 166, 195]. Two anatomical
entities should be distinguished: lipomas of the filum, and
lipomas of the conus. In our series (Table 2), and also in
the literature (Table 3), lipomas of the conus were much
more frequent than lipomas of the filum. They also ap-
peared to be more complex. For thisreason, thesetwo types
of lesion have been studied separately. However, both of
them are only part of a wider malformation complex in-
volving the nervous system, the spine, the skin, and often
other viscera. The description of these lipomas therefore
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necessarily requires description of the associated malfor-
mations.

The lipoma

Lipomas of the filum. In our series, there were 39 lipomas
of the filum. In all but 2 cases (94.8%), the lipoma was
intradural, strictly subarachnoid infiltrating anormally lo-
calized filum (Fig. 5). In 2 cases, the lipoma, along with
the filum, had an abnormal course, spreading out from the
durato extend subcutaneously (Fig. 6). The filum was ab-
normally thick and rigid in all cases. The spread of the fat-
ty infiltration was variable, involving the whole filum or
only part of it.

At surgery, in all but 1 case, the lipomatous filum was
surrounded by the apparently normal roots of the cauda
equina. In 1 patient, asin the casereported by Brophy et al.
[30], some of the sacral roots were intermingled within the
malformed filum.

Lipomas of the conus. There were 264 lipomas of the co-
nusin our series. As shown in Table 4, there were numer-
ous anatomical forms, but all had in common the insertion
of the lipoma on the terminal cord.

e Typical forms: Typical lipomas of the conus have aten-
dency to spread out from the dura, extending extraspinally
through the defect of spina bifida and finally developing
subcutaneously (Fig. 7). Inour series(Table4), theseforms
were actually in the minority (n=98, 37.1%). The stalk
joining theintra- and extraspinal portionsof thelesion was
frequently adhering strongly to the muscul o-aponeurotic
edges of the spina bifida. In some patients, this fibro-li-
pomatous stalk was accompanied by bundles of paraspinal

-« Fig. 3 MRI, T1 relaxation time, sagittal views, demonstrating the

increase in size of alumbosacral lipoma between 6 (a) and 18 (b)
months of age. On the second MRI aterminal syringomyeliahas ap-
peared

Fig. 4a— Postoperative ,recurrence* of a lumbosacral lipoma
a Preoperative MRI demonstrating the presence of alargelipomaex-
tending from L3-L4 to S2. b Postoperative MRI 2 months after sur-
gery. ¢ Postoperative MRI 18 months after surgery. There is an in-
disputable increase in size of the residual lipomain the interval be-
tween the last two MRIs. Note the development of aterminal syrin-
gomyelia

Fig. 5 MRI (sagittal view) showing atypical lipoma of the filum.
The termination of the spinal cordisat L4

Fig. 6 Operative view of alipomaof the filum (arrows) continuing
extraspinally into a subcutaneous lipoma (asterisks). The superficial
orifice of afistulaisvisible at the level of the skin

Fig. 7 Typical aspect of alumbosacral lipoma on an MRI sagittal
view: subcutaneous mass, stalk penetrating the spina bifida, intra-
spinal component of the mass terminating on the conus terminalis.
The spinal cord ends at S1

muscles in addition, which also ended on the conus. Intra-
operative application of electrical stimuli to these bundles
often led to impressive contractions of the cord itself.

The zone of insertion of thelipomaon the cord, or inter-
face, was usually wide. Its upper limit was around L5 in
50% of our patients. Its lower limit was in the sacral re-
gion in 90% of them, most often at S3. Its median exten-
sion was four vertebral levels.

The volume of intradural lipomas was variable. When
they werelarge, the cord was compressed and theinterface
pushed away fromthedural dehiscence (Fig. 8). Whenthey
were small, the cord was suspended from the posterior as-
pect of the dural sheet and the interface was at the level of

Table2 Incidence of lipomas of the filum and of the conus: NEM
series

n %
Lipomas of the filum 39 12.9
Lipomas of the conus 231 76.2
Lipomas of the conus+filum 33 10.9
Total 303 100

Table 3 Lipomas of the filum and of the conus: respective inciden-
cesrecorded in the literature

Reference n Conus Filum

n % n %
[7] 39 21 54 18 46
[12] 16 12 75 4 25
[32] 42 36 86 3 7
[73] 22 17 77 5 6
[154] 18 14 78 1 55
[175] 26 21 81 5 19
Total 163 121 75.1 36 17.1

Table4 Anatomical forms of lipomas of the conus: NEM series

n %
Typical 98 37.1
Subdural, extended to the 98 37.1
subcutaneous layers
Atypical 166 62.9
Lipomyelocele 67 25.4
Lipomeningomyelocele 52 19.7
Lipomyelocystocele 6 2.3
Subdural 16 6.1
Subdural associated with a 4 15
subcutaneous lipoma
Subdural with presacral extension 20 7.6
Total 264 100
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Fig. 8 Schematic drawing showing on an axial view the relation-
ships between spinal cord (asterisk), lipoma and dural sac when the
cord/lipoma interface (arrows) is distant from the dural defect. In
such a case the intradural volume of the lipoma is voluminous and
attachment of the cord to the durais loose

Fig. 9 Schematic drawing (axial view) showing the relationships
between spinal cord (asterisk), lipoma and dural sac when the
cord/lipomainterface (arrows) is at the level of the dural defect (ar-
rows). In such a case the volume of the intradural component of the
lipoma is reduced to a minimum, and the spinal cord is firmly at-
tached to the edges of the dural defect

Fig. 10a—c MRI, T1relaxationtime. a, b Sagittal median and para-
median views; ¢ axial view, showing the invagination of the termi-
nal spinal cord (arrow) within the lipomatous mass (asterisks)

the dural defect (Fig. 9). In these case, adhesions between
cord, lipoma and dura were pronounced. Once the lipoma
wasremoved, theinterfacewas usually recognizable by its
stronger resistance and whitish color. Thereisonly one de-
scription of its histological structure [115]. In this partic-
ular case, it was made of connective tissue reinforced by
smooth muscles.

Inthe majority of cases, theinterface was plane. In oth-
ers, however, it was convex, as shown in Fig. 10, indicat-
ing herniation of the dorsal aspect of the cord within the
superficial fatty mass.

Chapman[42] classified lipomasinto four typesaccord-
ing to theinterface localization on the cord: dorsal, dorso-
lateral or lateral, caudal, and dorso-caudal. In our experi-
ence, 34.5% of the lipomas of the conus were dorsal, 30%
dorso-lateral or lateral, and 35.5% caudal or dorso-caudal.
Inthedorsal and caudal forms, all roots had an extralipom-
atous subdural trgjectory (Fig. 11). In dorso-lateral forms,
in contrast, roots were intermingled within the lipoma and
difficult or even impossible to recognize (Fig. 12). The
interface, when lateral or dorso-lateral, was located more
often on the left side of the cord than on the right
(P<0.002).

» Atypical forms: In our series (Table 4), the so-called
atypical forms were, surprisingly, in the majority
(N=62.9%).

Inlipomyel oceles, thecord herniated extraspinally, toend
finally withinthe subcutaneousmassof thelipoma(Fig. 13).
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Fig. 11 Operative view showing the insertion of a lipoma on the
posterior aspect of the conusterminalis. In thiscaseroots haveanor-
mal orientation. All are extralipomatous. Theinterface between cord
and lipoma (arrows) is located a few millimetres posterior to the
emergence of the dorsal roots

Fig. 12 Operative view showing the posterolateral insertion of a
lipoma on the cord. Some of the roots emerge directly from the lip-
oma (arrows)

Fig. 13 Lipomyelocele. On the MRI, the spinal cord extends pos-
teriorly (arrow) into the subcutaneous component of the lipoma

Fig. 14 Schematic drawing of a lipomyelomeningocele: both the
terminal spinal cord and the dural sac herniate posteriorly. The sub-
cutaneous lipomaisinserted on to the surface of the placode. At this
point, there is usually no interposed dura between cord and lipoma.
Roots originate from the ventral aspect of the cord and have an ex-
clusively extralipomatous route

Fig. 15 Schematic drawing of alipomyelocystocele. The terminal
spinal cord isdistended by aterminal cyst-like syringomyelia (aste-
risk). Theinferior end of the cavity is occluded by the subcutaneous
lipomaand the dura. The syringomyelia does not communicate with
the subarachnoid spaces (arrows)

15

Lipomyel omeningocel es were characterized by the as-
sociation of a subcutaneous meningocele to the lipoma
(Fig. 14).

Lipomyelocystoceles (Fig. 15) were much more rare
(2.3%). In these cases, the terminal cord was enlarged by
the presence of a pseudo-cystic terminal hydromyelia
closed superficially by theduraof the cul de sac, itself cov-
ered by the lipoma. As already described [125, 188] the
intracystic and subarachnoid CSFs never communicated
freely. The pseudocyst membranes were described as hav-
ing an ependymal structure [49, 125, 143, 188]. In our se-
ries, postnatal MRI consistently failed to yield the correct
diagnosisof themalformation. In 1 case, the diagnosiswas
established prenatally on fetal ultrasonography.

Strictly subdural lipomas were more rare in our series
(6.1%) than in the literature, where they account on
average for between 7% [32] and 19% [175]. Asin other
series, they were usually not associated with spina bi-
fida
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Finally, 6.6% of the lipomas had a presacral extension
(Fig. 16), usually being in close contact with the rectum.
In some cases, the cord also herniated presacrally.

Associated malfor mations

Associated malformations were very frequent, involving
the cord and roots, the spine, the skin, the urogenital and
anal apparatus, and other viscera to varying degrees.

Intraspinal malformations

« Cord and root anomalies: The cord and root anomalies
found in our patients are displayed in Table 5. Except for
hydromyelia, they were significantly more frequentinlip-
omas of the conus than in lipomas of the filum. Root dis-
position (horizontal or vertical) was not taken into account,
neither being a true malformation, but rather the conse-
guence of the low-lying conus. The conus was abnormally
low in 94.8% of our cases. It was in a normal positionin
5.2% of them, with a similar incidence for lipomas of the
conus and of the filum. This percentage of normally end-
ing cord in the case of lipomas of the filum was higher in
the series of Warder and Oakes[192] and in that of Khoury
et al. [100], respectively 28% and 87%.

Root anomalieswere often multiplein the same patient.
They were noted in 168 of the 291 patients operated on
(57.7%); all but 1 had lipomas of the conus. In the litera-
ture also, lipomas of the filum are rarely associated with
root malformations. There is only 1 reported case [30] in
which sacral roots, asin 1 of our patients, were intermin-
gled within the lipomatous filum. As already reported [ 16,
128, 163], intralipomatous and short roots often made
surgery difficult. In the first situation, roots could hardly
be differentiated from intralipomatous fibrotic bands
(Fig. 17). Inthe second, they always prevented the surgeon
from correctly freeing the cord on the side of the anomaly
(Fig. 18).

An intraspinal cavitation existed in 61 of our 303 pa-
tients (20.1%) with similar incidences for lipomas of the
filum (8 of 39; 20.5%) and lipomas of the conus (53 of 264;
20%). In the literature, this incidence ranged from 11%
[70] to 27% [83]. Asin many other series [8, 68, 70, 79,
83, 93, 103, 115, 166], syringomyelia was most often lo-
calized at the terminal cord. In our patientsit extended on
averageover two vertebral levels. Dorsal, cervical and bul -
bar hydromyeliain our series were noted, respectively, in
3.3%, 0.6%, and 0.3% of cases.

Diastematomyelia or diplomyelia were observed in 24
of our 265 lipomas of the conus (9%), and in 1 lipoma of
the filum. This incidence is lower than those reported by
Stolke [175] and Lassman and James [111], which were
respectively 15.3% and 26.9%. In 1 of our cases, the cord
had a 180° twist, so that on preoperative MRI the lipoma
was thought to be anterior to the cord.

¢ Multipleintradural lipomas. Some lipomas of the conus
reported in the literature were associated with lipomas of
thefilum [168] or with lipomas of the cord at ahigher level,
either unique [66] or multiple [186]. In our series, alip-
oma of the conus was associated with a lipoma of the fi-
lumin 33 patients (10.9%), and with adorsal lipomaof the
cord in one.

* Intralipomatous mass; An intralipomatous mass was re-
ported in 20 of our patients (9%), most often in the case of
lipoma of the conus. There were 3 dermoid cysts, 9 dermal
sinuses, 7 angiomas, and 1 teratoma (Fig. 19). In 1 patient,
the intralipomatous angioma extended on to the cord and
was associated with alarge metameric cutaneous angioma.
¢ Dural and subdural malformations: Three patients had
adorsal arachnoid cyst. In the literature, associated intra-
dural malformations were rarely reported: 1 enteric cyst
[166], 2 dural arteriovenous malformations [52, 156], and
1 intramedullary mature teratoma [144].

Spinal malformations. In our series the spinal malforma-
tions were dominated by spina bifida, as they werein the
literature (Table 6). Itsfrequency wasslightly higher inlip-

Table5 Cord and root malformations in patients with lipomas of
the filum and of the conus: NEM series (291 patients treated surgi-
caly)

Malformations Filum Conus P
(n=38) (n=253)
n % n %
Cord
Low-lying 0.014
L3-5 22 58 90 36
S1-5 14 37 148 58
Duplicated 0 0 24 9 0.000
Hydromyelic 8 21 53 21 NS
Rotated 0 0 1
Roots 0.0001
Intralipomatous 1 3 100 40
Infiltrated 0 0 25 10
Agenetic 0 0 35 14
Dysgenetic 2 5 78 31
Short 0 0 67 26
Total (no. of patients) 1 2.6 167 66

Table 6 Incidence of spinal malformations

Series Spina bifida Sacral Spinal
agenesis deformities
No.of % No.of % No.of %
patients patients patients
NEM 303 91 303 20 303 14.6
Literature 148 69 85 27 224 9.5
Total 453 80 388 235 527 12
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Fig. 16 Lipoma of the conus
terminalis associated with sa-
cral agenesis. The MRI, ona
sagittal view, shows that the
lipoma extends anteriorly and
isin contact with the rectal am-
pulla

Fig. 17 Operative view during
resection of alipoma. The
intraoperative stimulation of an
intralipomatous tractus (arrow)
gave responses in S1 territory
on one side

Fig. 18 Operative view after
the resection of alipoma of the
conus. The terminal cord re-
mains attached to the left aspect
of the dural sac owing to the
presence on the same side of
abnormally short roots. Roots
on theright side are still under
tension

Fig. 19 MRI, sagittal views,
T1 relaxation time showing a
teratoma included within the
presacral extension of alipoma
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omas of the conus (254/264; 96.2%) than in lipomas of the
filum (32/39; 82%), without, however, attaining statistical
significance. In 80% of our patients, itsupper level wasL5
or S1. In 90% of them, the whole sacrum was involved, a
similar proportion to that in the series of Naidich et al.
[136].

The frequency of sacral agenesisis approximately 25%
of all cases. Asreported by others[25, 46, 48, 51, 79, 96,
107, 136, 177, 193], however, its incidence was higher in
patients with uro-genito-anal malformations (93%).

Scoliosis was related to malformations of the vertebral
bodies or shortening of one lower limb in all but 1 of our
patients. Thisleads usto think that in lipomasthisis prob-
ably not due to spinal cord tethering as in meningomyel o-
celes[128].

Other spinal anomalies were rare: diastematomyelia
(8%), hemivertebrae (7%), vertebral fusion (6%). Thean-
deer reported one case with malformationsof theiliac bone
and homolateral skeleton [183].

Brain malformations. Data from the literature are difficult
to assess and compare, because most groups include all
types of occult dysraphisms in the same study. However,
in all series, brain malformations are very rarely associat-
ed with lipomas, which is strikingly different from what is
commonly observed with meningomyeloceles. Their inci-
dence in our serieswas 3.6% (11/303). There were 4 Chi-
ari malformations (1.3%), 4 cases of hydrocephalus
(1.3%), 2 of which were due to aqueduct stenosis, 2 hem-
ispheric arachnoid cysts (0.6%), and 1 Dandy-Walker mal-
formation. Of the 4 Chiari malformations, 1 was particu-
larly interesting, in that the malformation was absent at
birth and developed with time to become symptomatic at
the age of 20 years [149]. In the literature, the following
malformations have been reported, sometimesin the same
patient: encephaloceles [42, 157, 166], Chiari [108, 166],
callosal agenesis [189], intracranial lipoma [157], aneu-
rysms and arteriovenous fistulas [157].

Extra-axial malformations. Visceral malformations other
than of the brain and of the cord were reported in 16% of
the published cases [32, 79, 93, 110, 116, 119, 141]. As
shown in Table 7, this is less than we have found (27%).
Uro-ano-genital malformations were the most frequent.
One observation wasvery rare: the child presented with an
extraupper limb [149], acase similar to those reported by
Parkinson and Humphreys et al. [80, 142].

Skin anomalies. Cutaneous abnormalities were present in
89% of our patientswhichisin accordance with all datain
the literature (Table 8). They were dominated by the pres-
ence of a subcutaneous lump indicating the existence of
the underlying lipoma, but were commonly multiplein the
same patient.

Table 7 Associated malformations (NEM series)

Malformations n %

Ano-rectal 202 6.6
Anal imperforation
Anorectal stenosis
Anal malposition

Complex malformations

Genital
Vulva
Uterus
Cloaca
Penis and testis

Urinary
Unilateral kidney/agenesis
Duplication
Kidney malposition/dysmorphism
Bladder extrophy
Reflux

Cardiac 78
Atrial septal defect
Ventricular septal defect
Patent ductus arteriosus
Pulmonary stenosis
Tetralogy of Fallot

Other
Limb
Rib
Angiomatosis
ENT
Microphthalmia
Skeletal herniatrophy
Recklinghausen
Teratoma

Total

=
NANO

122 4

[RYSY N

197 6.3

PR Do~

2.3

PRREPW

272 9

FRRPRPWNUI0

822 27

@ No. of patients

Table 8 Associated cutaneous abnormalities

Series n %

NEM study
Literature

Total

303 89
611 92

914 90.5

Genetic disease. A case of Turner syndrome[133] and one
of trisomy 21 [79] have been reported in the literature with
no mention of the type of lipoma.

Incidence in the population

In the neurosurgical literature, the only reported data con-
cern the respective incidence of lumbosacral lipomas vs
meningomyelocele [19, 94, 189] or spinabifida[7, 12, 36,
91, 111]. These data are of littleinterest, since they reflect
only personal experience.
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Data obtained during routine autopsies on patients in
whom spinal cord disease is not suspected (Table 9) are
moreimportant, but theincidence of incidentally found|ip-
omasranged from 0% (Schlesinger cited by Stookey [176])
to 6% [124], with an average of 0.03%. Interestingly, lip-
omas of the conus were almost 10 times as common aslip-
omas of the filum, which contradicts all clinical experi-
ence.

Recent studies aiming to determine the prevalence of
lumbosacral lipomas retrospectively by MRI in adultsin
whom disc disease or lumbar stenosis was suspected
showed a 1.5-5% incidence of lipomas. All were lipomas
of thefilum, and the majority weresmall [31, 50, 131, 139,
187].

We tried to approach the clinical incidence of lipomas
by examining two French regional registers [149]. When
lipomas of the filum and of the conus were considered to-
gether, their incidence ranged from 4/100,000 to
7.8/100,000. These were underestimated, however, since
they were calculated from a population of heonates whose
lipomashad been clinically diagnosed at birth, that is, from
babies born with visible cutaneous stigmata or neurologi-
cal deficits. It is possible to minimize this underestimation
by taking into account the 10% of lipomasin all seriesthat
present with no cutaneous stigma. When this is done, the
minimal incidence of lipomas in France would range be-
tween 4 and 8.5/100,000. Thisincidenceislow, and much
lower than that reported at autopsy or radiologically. This
discrepancy could be explained by the existence of quite a
large number of asymptomatic patients.

Familial data

A family study was performed in 71 patientsin our series.
In 29 of these 71 cases, lipomas were associated with other
anomalies: sacral agenesisin 7, sacral and uro-genital ab-
normalitiesin 10, other malformati onswithout sacral agen-
esisin 12. Plain X-rays of the spine were performed in all
parentsto search for spinabifidaor other spinal abnormal -
ities. Maformations at the lumbosacral-sacral junction,
such as lumbalization or sacralization, were not taken into
account owing to their high frequency. The aim of this

study wasto compare the frequency of spinabifidaocculta
intherelatives of our patientswith that in the normal pop-
ulation. Spinabifidaoccultawasfound in 69% of theserel -
atives irrespective of the type of lipoma in our patients.
This frequency is higher than that observed in the normal
population, which is estimated to range from 25% to 30%
[25, 40, 177].

Some familial cases were reported in the literature, in-
dicating the possibility of an autosomal dominant mode of
inheritance. These cases included different types of the
dysraphic state. Among them, the specific Currarino syn-
drome must be emphasized, in which lipomais associated
with uro-genital and perineal defects [51]. This syndrome
could be linked to others without lipomas. Similar abnor-
malitieswere described in micewith T locus mutation, and
Fellous et al. [57] described a large family with spina bi-
fida occulta and sacral agenesislinked to HLA locus. Fur-
thermore, Lynch et al. [120] showed a deletion of chromo-
some 7936 in probands with sacral agenesis, while others
[121] showed a positive linkage in this region in a large
family.

Therefore, it appears that lipomas, occult spina bifida,
sacral agenesis and caudal abnormalities could be related
to the same genetic factors. However, in our study, lipo-
mas were an apparently sporadic event in 30% of cases.

Preoperative clinical presentation

Data in this section stem from our series (NEM) and the
literature (Table 10). Numbers and percentages must be
interpreted with caution, because they have been obtained
from various and often inhomogeneous series. Neverthe-
less, they are presented for comparison with our results.
Except for data concerning gender, they cannot be inter-
preted as a metaanalysis.

Sex ratio

In our series, asin most othersin the literature (Table 10),
there was a significant femal e preponderance (F/M: 1.6/1;

Table 9 Incidence of inciden-

tally discovered lipomas at au- Reference No. of Lipomas Filum Conus
topsy autopsies
n % n % n %
[17] 300 4 13 3 1 1 03
[113] 90 5 55 0 0 5 55
[124] 47 3 6 0 0 3 6
[154] 650 1 0.1 0 0 1 0.1
Schlesinger 35000 0 0 0 0 0 0
(cited in [176])
Total 36087 13 0.03 3 0.008 10 0.02
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Table 10 Series taken from the literature

Reference Year Age No. Femae Mae Sexratio
(F/IM)
[129] 1930 Children 9 7 2 3.50
[18] 1950 Mixed 9 9 0
91] 1956  Mixed 8 6 2 3.00
84] 1962 Mixed 16 10 6 1.67
178] 1962 Mixed 9 7 2 3.50
[53] 1965 Children 12 8 4 2.00
[63] 1966 Literature 95 44 51 0.86
111] 1967 Mixed 26
36] 1968 Children 90 62 28 221
123] 1972 Mixed 8
[71] 1973 Mixed 22
[185] 1973  Mixed 37 19 18 1.06
155] 1974 Mixed 36 23 13 1.77
7] 1975 Children 73 49 24 2.04
189] 1976  Mixed 13 9 4 2.25
[172] 1977  Elderly 3 1 2 0.50
[4] 1979 Children 2 2 0
32] 1979 Children 42
122] 1979 Mixed 13
145] 1979 Mixed 9 4 5 0.80
[61] 1980 Mixed 46 25 21 1.19
[76] 1982 Children 86 49 37 1.32
117 1982 Mixed 21
141] 1982 Mixed 23 13 10 1.30
44] 1983 Children 14 10 4 2.50
[153] 1983 Mixed 102 46 56 0.82
[168] 1983 Children 76
87] 1984 Children 10 3 7 0.43
109] 1985 Mixed 61 26 35 0.74
79] 1985 Children 97 60 37 1.62
[196] 1985 Mixed 55 33 22 1.50
[126] 1986 Children 50 29 21 1.38
160] 1986 Children 6 4 2 2.00
71] 1986 Children 38 22 16 1.38
116] 1987 Mixed 29 19 10 1.90
[95] 1988 Children 20
[97] 1988 Children 40 23 17 1.35
175] 1988 Children 26 16 10 1.60
30] 1989 Children 25 19 6 3.17
134] 1989 Mixed 20 7 13 0.54
[166] 1989 Mixed 40
[59] 1990 Children 31 20 11 1.82
75] 1990 Mixed 25 7 13 0.54
94] 1990 Mixed 80 51 29 1.76
100] 1990 Mixed 19 11 8 1.38
[128] 1990 Children 90
[140] 1990 Children 61
186] 1990 Children 47
11] 1992 Children 35 23 12 1.92
2] 1993  Adults 5 1 4 0.25
[77] 1993
[164] 1993 <1year 18
[47] 1994 Children 98
[83] 1994 Mixed 143 86 57 151
Total 2069 863 619 1.60

P=0.0001). Interestingly, thisdiffersfromthesex ratio for
meningomyel oceles, where there was an equal sex distri-
bution, and for spina bifida occulta, where thereisamale
preponderance [40, 177].

Age at diagnosis

In our series, the average age at diagnosis was 6.4 years,
whichissimilar tothat reportedintheliterature (7.1 years).

Asalready emphasized by others[32, 116], the malforma-
tion was diagnosed earlier in the presence of cutaneous
stigma. There has also been atrend to earlier diagnosisin
recent years. From 1990 to 1994, the average age at diag-
nosis was 9 months in the presence of skin abnormality.

Age at onset of deficits

The average age at onset of neurological deficits was 5
yearsin our patients. In the literature, it ranges from 5 to
10 years. In the NEM series, deficits were present at birth
in 22% of cases.

Symptoms

In all series, the two main clinical features leading to di-
agnosis are cutaneous stigmata on the lower back and neu-
rological disturbances, mainly neuro-orthopedic and
sphincter-rel ated.

The cutaneous syndrome

Cutaneous anomalies were present in 89.4% of our pa-
tients. When all series (NEM and the literature) are con-
sidered as a whole, 90.5% (Table 8) of the patients have
skin stigmata, which are not only of varioustypes, but also
frequently multiple in a same patient (Fig. 20). As shown
in Table 11, themost frequent of these skin anomalieswas,
in our patients, asubcutaneouslump located at the midline
of the lower back. Usually homogeneously soft, indicating
the presence of an underlying lipoma, the lump was fluc-
tuating in some cases, owing to the presence of an asso-
ciated meningocele. When the subcutaneous lipoma was
situated low down, the lump was replaced by an interglu-
teal fold deviation. Cutaneous stigmatawere most often on
the midline (n=219; 72.2%), but when lateral they were
predominantly on the left side (75% of cases; P<0.001).
In 3 of our patients, as in some in the series of Lassman
and James [111], meningitis resulting from dermal sinus
revealed the lipoma. Some cutaneous abnormalities are
rare, such as of our cases metameric cutaneous angioma,
which was seen in 1 of our cases extending deep into a
large lipoma of the conus [149].

Most authors consider that skin anomalies have a con-
siderablediagnostic value[3, 24, 65, 73, 74, 169, 181], and
that their absenceis generally the reason for delayed diag-
nosis[116]. This explains why, in the literature as well as
in our series, adolescents and adults had minor or atypical
cutaneous anomalies or none at all.



Fig. 20a—f Some cutaneous
stigmata associated with an
intraspinal lipoma

Table11 Typesof cutaneous abnormalities: NEM series

Abnormalities n % Comments

No anomalies 34 11
Atleast 1 anomay 269 89 221 discovered at birth
Subcutaneous lump 192 64 Including 66 isolated

Angioma 89 29.6 Including 8isolated
Umbilication 50 16.6 Including 15 without lipoma
Intergluteal fold 50 16.6 Including 17 without lump
deviation
Cutaneous aplasia 27 9 Including 15 without lipoma
Dermal sinus 23 7.5 Including 13 without lipoma
Caudal appendix 20 6.6 Including 5 without lump
Patchy hair 18 6 Including 11 without lipoma
Hypertrichosis 11 3.6 100% diastematomyelia

In our patients, coccygeal dimples were frequently as-
sociated with subcutaneous lipomas (Fig. 20d). The cur-
rent notion that these dimples, whenisolated, are never as- :
sociated with a dysraphic state, was not truein 2 patients, Fig. 21 a Typical coccygeal dimple. b Same patient, MRI, T1 re-
who had associated |ipomas of the filum (Fig. 21). Thein- laxation time, sagittal view. Presence of alipomatous filum
cidence of such an association is unknown, and probably
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it is rare. Routine MRI to investigate isolated coccygeal
dimples would be unreasonable, if only for economic rea-
sons, but routine ultrasonography under the age of 6
months would be advisable.

To assessthereal diagnostic value of each of these skin
abnormalities better, we studied 36 consecutive patients
admitted to the dermatol ogy department of Necker-Enfants
Malades Hospital for lumbosacral skin anomalies from
1990 to 1994 [149]. An intraspinal lipoma was diagnosed
in 5 of these 36 children (13.8%). In 4 of the 5, skin ab-
normalities were multiple, but they were dominated by a
subcutaneouslumpin 3, acaudal appendagein 1, and ade-
viation of theintergluteal fold in 1. Among the 31 children
without intraspinal lipoma, subcutaneous abnormalities
were usually isolated. Interestingly, this was the case for
the 14 with isolated cutaneous angioma. The conclusions
that we drew from this study were that (1) cutaneous ab-
normalities of dysraphic nature are usually multiple, (2)
isolated angiomas are not indicative of an underlying dys-
raphy, and (3) the significance of the intergluteal fold de-
viation when isolated is not clear, since only one fourth of
the children so affected had an intraspinal lipoma.

The neurological syndrome

Problems. The extreme difficulty of documenting neuro-
logical normality in neonates or infants and neurological
deterioration in adolescents must be emphasi zed.

In the very young, sensory impairment, motor deficits
when discrete and localized in the plantar sole muscles,
voiding difficultiesin the absence of definite incontinence
or of repeated urinary infections may remain clinically un-
diagnosed. Pain, for example, which was reported in 33%
of the adults [141], was noted in only 13.3% of our chil-
dren, and never reported by othersin the literature.

In young children and adolescents, neurological deteri-
oration is often difficult to recognize or to confirm. From

Table 12 Incidence of neurological abnormalities

3 to 6 years of age, persisting walking instability, persist-
ing incontinence, or development of a club foot may indi-
cate arecent aggravation, but may also reveal apreviously
undiagnosed deficit. Similarly, in adolescence, the pro-
gressive deformation of aknown club foot or the develop-
ment of trophic ulcerations does not necessarily signify a
progressive neurological aggravation. The former can re-
sult from the mere skeletal growth of the foot, and the lat-
ter fromold, stable but previously undetected sensory trou-
bles. All these difficulties explain why, in our patients, an
EMG and a urodynamic study were routinely performed
not only preoperatively, but also twice after surgery, once
soon after, and the second at the age of 3-5. Furthermore,
these investigations were subsequently repeated if the de-
velopment of neurological deficits wasin question.

In all series together, neurological deficits affect more
than 58% of the patients (Table 12) and are dominated by
sphincter disturbances (Table 13).

In our series, aswell asin those of others[74, 78, 93],
the number of asymptomatic patients decreased with age
(Fig. 22). Thiswas interpreted as indicating that the older
the patients, the worse their neurological condition. In our
opinion, such aconclusion cannot be drawn until the num-
ber of asymptomatic adults is known; they of course are
not seeninthe hospital and therefore do not appear in med-
ical statistics. Our convictionisthat, at present, curvessuch
asin Fig. 22 only indicate that adults who become symp-
tomatic or deteriorate require care and hospitalization.

Sphincter disturbances. Overall in all series, vesical
sphincter dysfunctions are the most frequent deficit (Table
13). They affected more than half of our patients, and this
percentage was even higher in the case of sacral agenesis
(69%) and in adulthood (80%).

Micturition difficulties were more frequent than any
other type of sphincter disorder (Table 14). In contrast to
the situation with meningomyeloceles, incontinence was
rarely passive resulting from aflaccid bladder and sphinc-
ter paralysis, but mainly the consequence of dysuria, pol-
lakiuria, urgent miction, and incomplete voiding. Bladder
infections secondary to urinary retention were also fre-
quently observed.

Series No. % Preoperativeurodynamic studieswereperformedin112
NEM stud 303 56.7 patients. They were normal in 48 (42.8%) and abnormal_ in
Literaturey 661 61 64 (57.2%). When abnormal, they revealed a hyperactive
Total 964 58.8 bladder in 50 cases (44.6%), ahypoactivebladder in 7 cases
(6.2%), and a mixed bladder in the remaining 7 (6.2%). In
Lagégl;m?%onqgran Ve neuro- Series No. of Motor Sphincteral Sensory Pain
cases
n % n % n % n %

NEM 303 95 31 127 42 84 27.7 40 13.2

Literature 441 39 62

Total 744 35 52 27.7 13.2
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Fig. 22 Percentage of asymptomatic patients by age

Table 14 Types of uro-anal dysfunction: NEM series

Types of problems n %
Urological
Incontinence 61 20.1
Dysuria/retention 59 195
Infection 52 17.2
Renal insufficiency 5 17
Fecal
Incontinence 35 11.6
Retention 37 12.2
Anal tonus
Hypertonic 8 2.6
Hypotonic 77 254

78% of the patients, the hyperactive bladder wasassociated
with avesico-sphincteral dyssynergia.

All cases with hypoactive or mixed bladder were clin-
ically abnormal. In contrast, 18 of the 50 patients with a
hyperactive bladder were asymptomatic (36%). Among
these 18 cases, 15 were children under 2 years of age. Sim-
ilar findings have been reported in the literature [14, 61,
69, 100, 164]. They illustrate the difficulty of both cor-
rectly detecting sphincter disturbances and interpreting
urodynamic studies in the very young, in whom both in-
continence and bladder hyperactivity are physiological
[97, 164].

Bowel dysfunction is rarely reported in the literature
[39, 185]. In our patients, constipation was more frequent
than diarrhea and sometimes so severe that digital evacu-
ation of the rectum was necessary. Stool |eakage was more
often due to stercoral retention than to sphincter hypoto-
nia, and all patients with such problems also had urinary
disorders.

Sexual dysfunction. Although rarely reported, sexual dis-
orders are probably not rare in adults. They were present
in 25% of Thomas and Miller’s patients[185] and werere-
ported by many of the adultsin our series. As already not-
ed by Thomasand Miller [185], women mainly complained
of insensitivity during sexual intercourse, and men of weak
erections, sometimes associated with urinary leaks during
gjaculation. No case of sterility was reported in the litera-
ture.

Neuro-orthopedic syndrome. This syndrome was present
in 31% of our patients. This percentageislower than those
reported in the literature (Table 13). As already described
by Lassman and James [111], it affected the lower limbs,
and to alesser degree the spine. Paralysis and sensory def-
icitsusually predominated distally: 40% of our patientshad
aclubfoot, often with an equinovarusdeformity with claw-
ing of the toes (Figs. 23, 24), 36% had muscular atrophia
of theleg, 21%, hypotrophiaof the leg or foot, and 27.6%,
superficial hypoesthesia. Trophic ulcerations secondary to
deep anesthesia were much rarer (5.6%). We never ob-
served hypertrophy of the leg as reported by Bertoni et al.
[22]. At examination, 34% of the patientshad acentral mo-
tor neuron syndrome. Pain, as described by Pang and Wil-
berger [141], wasdiffusein thewholelimb or in asegment
of the limb, and affected aradicular pattern in only one of
our patients. In the literature, there is only 1 other case
mimicking sciaticafrom adisc hernia[64].

In our experience, these problemswere rarely as exten-
siveasin the presence of meningomyeloceles. Their upper
level never exceeded L4, and the same observation was
made by Kanev et al. [94]. They were often unilateral, or
at least asymmetrical, predominantly on theleft side (58%;
P <0.005). Inthe case of asymmetrical vertebral abnormal-
ities, neurological problemsalso predominated on the side
of these abnormalities.

Preoperative EMGs were performed in 121 patients.
Nearly half of them were under the age of 1 year. Of these
patients, 73 (60.4%) wereclinically apparently normal, and
48 (39.6%) had deficits. In asymptomatic patients, EMGs
were normal in 35 (55.6%), but altered in 28 (44.4%). In
no case, however, was denervation severe. In symptomatic
patients, signs of denervation were constant and severe,
mainly affecting the feet and perineum. For the 76 patients
with abnormal EMGs, signs of denervation at the anal
sphincter predominated. The highest abnormal level was
L2 in 2% of the cases (higher than clinically expected), L4
in11%, L5in 22.5%, S1 in 16%, and S2 in 36%. Signs of
denervation were symmetrical in 54.5% of the cases, pre-
dominantly on the right side in 22.5% and on the | eft side
in 23%. Central motor neuron dysfunction was constant at
the anal sphincter and perineum, but found in lower limbs
in only 21% of cases.

Currarino syndrome. Kennedy in 1926 [99], Ashcraft and
Holder in 1974 [10] and Currarino et a. in 1981 [51] de-



waT

Fig. 23 Typica hypotrophic
club foot in a patient with lum-
bosacral lipoma

Fig. 24 Neuroorthopaedic syn-
drome: X-ray of the foot show-
ing clawing of the toes

scribed a syndrome associating sacral agenesis, presacral
mass and perineal malformations. The presacral mass can
be a meningocele, ateratoma, an enteric cyst or alipoma
[51, 107]. Thissyndrome presentssomeanal ogieswith that
of caudal regression [54], which isassociated with various
degrees of malformations of the lumbosacral spine, of the
lower limbs, and of the uro-genito-anal tract. Moreover, it
raises genetic and embryological problems. It is rare, so
that is has generally been reported in case reports. In large
series of lipomas its incidence varies from 1.8% to 5.1%.
Inoursit was5.3% (16 of 303 cases). The diagnosis of the
syndrome is usually made at birth or soon after, owing to
the perineal malformations. This was the case in 75% of
our patients, in 53% of whom the revealing symptom was
constipation.

Cutaneous anomalies were present in 60% of the cases
in our series. Among these, 54% had a deviation of the
intergluteal fold and 35%, lumbosacral and/or perineal an-
gioma. Perineal malformationswere constant. Anal or rec-
tal imperforation was present in 66% of the patients, recto-
perineal, recto-vaginal or recto-urethral fistulasin 27.8%,
and bladder extrophy in 6.2% (1 case).

Neurological deficits existed in 8 cases (50%). They
were progressive in all 8, but obviously congenital in 4.

Four families and 56% of the children studied in our se-
ries presented with a family history of malformations in
thelower lumbosacral region (Fig. 25). In 2 cases, themal -
formation was sacral agenesis. It seems therefore that an
excess of anomalies exists in the parents of these patients
compared with the estimated incidence of 22% for occult
spinabifidain the general population [25]. Currarino syn-
drome is considered to have a dominant autosomal mode
of inheritance with variable penetrance.

Functional scores. To appreciate the functional and social
repercussions of these malformations more easily and to
allow rapid comparison between patients, we developed
two functional scores, onefor infants and one for older pa-
tients (Tables 15, 16). These scores take into account the
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Fig. 25 Currarino syndrome. Family trees

major handicaps; motor, sensory, vesical and anal. The
more disabling the handicap, the lower the score. These
functional scoresare simpler than those previously report-
ed [6, 33] and differ widely from some others proposed in
the neurosurgical literature [79, 138], which evaluate the
neurological level of the deficits but not their functional
repercussions. Normality was given a score of 5 for both
motor and urinary functions, 4 for sensory function, and 3
for anal function.



Table 15 Persona NEM

scores (children and adults) Motor Sensation Bladder Anus
1 Wheelchair Skin ulceration Incontinence day and night Incontinence
or amputation
2 Major orthesis or Pain Nocturnal incontinence Painful
two crutches constipation
3 Minor or distal Painless sensory Intermittent catheterization Normal
orthesis deficit
4 Fatigue on walking Normal Dysuria or infections or
stress incontinence
5 Normal Normal

Table 16 Personal NEM scores (neonates and infants)

Motor Sensory  Bladder Anus
1 Magjor deficit Incontinence Incontinence
2 Pain Retention
3 Clubfoot or Normal
atrophy or distal
deficit
4 Normal Dysuria or infec-
tions or stress
incontinence
5 Normal Normal

Handicaps caused by lipomas of the conus were more
severe than those provoked by lipomas of the filum (Table
17).

Progressive neurological deficits. Progressive neurologi-
cal deterioration has been well documented with lipomas
of the filum as well as with lipomas of the conus. Many
authors have emphasized that neurological deterioration
can start at any age, including adulthood [60, 93, 108, 109,
119, 141] and old age [172]. Deterioration usually occurs
slowly and insidiously [29, 32, 75, 79, 84, 93, 108, 141,
168], but rapid evol ution and acute onset of symptomshave
also been reported [53, 91, 108]. Among our patients, neu-
rological deterioration was also insidious in the majority
of cases, but was rapid in 20 patients (6%), including 3 in-
fants, and acute in 8 (2.5%). Symptoms were genito-
sphincteral problemsin 56% of cases, motor difficultiesin
45%, pain in 14%, and bowel dysfunction in 12%.

Some authors have noted that aggravations can either
follow sudden effort or situations leading to exaggerated
bending of the back, or accompany pregnancy or the de-
velopment of obesity [60, 75, 89, 108, 141, 168, 195]. The
same findings were observed among our patients: 4 wors-
ened following sudden and violent efforts, 1 after trauma
(falling out of bed), 3 during devel opment of obesity, 2 dur-
ing pregnancy. These circumstanceswere constant in cases
of sudden deterioration, and in half of the cases when rap-

idly evolving. Two youths thought their military service,
and the physical exertion demanded of them at that time,
had triggered their clinical deterioration.

The incidence of neurological deterioration in patients
with lipomasis controversial. In the literature, the general
impression isthat deterioration is almost unavoidable with
age: “uncertain number, perhaps the majority” [127]; “all
will have neurological, urological, or orthopedic prob-
lems’ [168]; “the risk of deterioration is high at all ages
and increases with time” [47]; “alarge number of children
with an asymptomatic leptomyelo-lipoma will develop
progressive neurological abnormalities’ [32]; “wehaveno
statistics available. In many studies, the risk appearsto be
at least 80%" [108]; “these patients deteriorate with in-
creasing age” [79]; “therisk of deterioration is high at all
ages and increases with age” [147].

Inaprevious publication that included datafrom thelit-
erature[142], we estimated therisk of deterioration at 56%.
On reconsidering the problem, we noted that, in the present
series, neurol ogical worsening was clearly observed by the
medical team in 35 patients (11.5% of the cases), but re-
ported as clearly indisputable by 33 of the 161 sympto-
matic patients (20.4%).

Neurological imaging

Recent advances in prenatal ultrasonography and the on-
set of MR have greatly facilitated the diagnosis of lumbo-
sacral lipomas. At present, both prenatal diagnosis of the
malformation and postnatal correct anatomical analysis of
it are possible.

Prenatal ultrasonography

The only two publications dealing with the prenatal diag-
nosis of lumbosacral lipomas are those of Aoki [8, 9],
which concern 2 successive children in the same family.
The prenatal diagnosis was made respectively at the 17th
and the 26th week of gestation on the basis of the follow-
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Table 17 Functional scoresin

patients with lipomas of the co- Scores Motor Urinary Sensory Intestinal

nﬁ] and with lipomas of thefi- Conus  Filum Conus  Filum Consus Filum Conus  Filum
5 68% 84% 59% 76%
4 13% 11% 14% 18% 67% 86%
3 13% 5% 4% 0% 20% 3% 78% 81%
2 2% 0% 4% 3% 11% 11% 11% 11%
1 4% 0% 19% 3% 2% 0% 11% 8%

ing association: lumbosacral spinabifida, anechogenic me-
ningocele, overlying hyperechogenic skin and no hydro-
cephalus. Both the children were born with a lipomenin-
gomyelocele.

In our series, 6 children born with alipoma were diag-
nosed prenatally between the 17th and the 35th week of
gestation ashavinglumbosacral dysraphism. Inall of them,
prenatal ultrasound revealed spina bifida associated with
a subcutaneous hypoechogenic mass indicating a menin-
gocele. In 1, the meningocel e was separated into two by a
longitudinal hyperechogenic septum. Inall of them, hyper-
echogenic linear structures were visible within the menin-
goceles, suggesting the presence of either alow-lying spi-
nal cord or roots (Fig. 26). None of these 6 fetuses had hy-
drocephalusor signs of Chiari malformation. Theamniotic
fluid was normal in all 6 cases.

In 4 fetuses, the meningocel e was covered superficially
by athick hyperechogenic tissue. Because this resembled
fat, adiagnosisof lipomyel omeningocelewas made. Inthe
2 other fetuses the covering of the meningocel e appeared
to be normal skin, so that the prenatal diagnosis was one
of meningocele. The absence of visible fat in these last 2
cases raises questions, since postnatally the thickness of
the lipoma covering the meningocel e was significant. This
contradiction could be explained either by late prenatal
growth of thelipomaor by the fact that lipomas could have
different echographic behavior according to the amount of
fibrotic tissue within the lipoma[135] or their water con-
tentlevel [21]. Postnatally, at surgery, thelesionsweretyp-
ical of a lipomeningomyelocele in 5 babies, and of a li-
pomyelocystocele in 1. The prenatal ultrasonography of
thislast patient differed from the othersin that the menin-
gocelewas apparently double (Fig. 27). Inno case did pre-
natal MRI providemoreinformation than the echographies.

Postnatal imaging
Plain X-rays

Plain X-rays were routine in our series. However, lack of
ossification in neonates and infants made their interpreta-
tion difficult, especially concerning the sacrum, and this
raises the question of their usefulness in this age range.
Even if they do not demonstrate the existence of a spina

bifida very well, in our opinion they must remain part of
the routine check-up in searching for other possible spinal
abnormalities, such as diastematomyelia, abnormal verte-
bral segmentation, abnormal spinal curves, and sacral
agenesis.

Spinal echography

Ultrasonography isthe screening examination of choiceup
to the age of 6 months [167] because it is cheap and non-
invasive [37, 104, 136, 151, 167, 199]. Our attitude would
be to recommend ultrasonography as a first investigation
in asymptomatic infants with lumbosacral cutaneous stig-
mata. In the presence of deficits, the usefulness of echog-
raphy is, however, less than in their absence, since MRI
will be necessary in all cases.

Ten children in our series were primarily investigated
with echography. In 2 cases, the lipoma involved the fi-
lum, and in 8 the conus. In al but 1, the cord termination
was abnormally low (Fig. 28). In all patients, the lipoma
was visible as an intraspinal, hyperechogenic, homogene-
ous and well-demarcated mass. In our cases, asin those of
Naidich et a. [136], lipomas were more echogenic than
was epidural fat. In the literature, thereisonly 1 case of a
false-negative echogram. As in the prenatal period, the
question is why lipomas may have different echogenicity
[21, 135].

Magnetic resonance imaging

MRI is considered by all as the necessary investigation
prior to surgery [5, 15, 34, 70, 103, 105, 134, 140, 159,
179, 186, 194]. Since 1984, all our patients have had pre-
operative MRI including sagittal and axial viewsin T1-
and T2-weighted images to ensure correct analysis of the
relative positions of lipoma and spinal cord, to foresee, if
possible, the type of insertion of the lipoma on the cord
and hence the situation of the roots with regard to the lip-
oma, and to look for the possible coexistence of lipomye-
locele, meningocele, syringomyelia or other malforma-
tions. In addition, for the past 2 years a routine dynamic
MRI has been performed to evaluate the mobility of the



Fig. 26 Prenatal ultrasonogra-
phy, sagittal view, showing a
lumbosacral meningocele separ-
ated into two by alongitudinal
hyperechogenic septum. At oper-
ation, the malformation was di-
agnosed as a lipomyelocystocele
and the longitudinal septum, as
the structure separating the
syrinx from the subarachnoid
spaces

Fig. 27 aPrenatal ultrasonography, sagittal view, showing alumbos-
acral meningocel e superficially limited by an abnormally thick and hy-
perechogenic covering. A linear hyperechogenic structure within the
meningocel e indicates the presence of either alow-lying cord or roots.
The prenatal diagnosis was that of a lipomyelomeningocele. b Same
patient afew days after delivery. The lipoma, much larger than prena-
tally, actually filled the whole of the prenatal meningocele

Fig. 28 a Postnatal echography, sagittal view. Presence of a hyper-
echogenic mass occupying the lumbosacral canal and of a low-lying
spinal cord ending at the upper poleof themass. b Postnatal MRI, same
patient. Tethered and low-lying spinal cord anchored to alumbosacral
lipoma
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lumbar cord [35]. Recently, Johnson and L evy emphasized
the usefulness of dynamic MRI by studying the mobility
of the cord at its cervical level in the tethered cord syn-
drome [90].

Surgical treatment

The proportion of operated patientshasregularly increased
over theyears (Fig. 29). The majority of our patients were
under the age of 1 at time of surgery (Fig. 30).

Principles

As for the vast mgjority of neurosurgeons, our objectives
have been to free and decompress the cord when neces-
sary, while sparing functional nervous tissue and prevent-
ing retethering. To achieve these aims, our surgical goals
have been to remove as much lipomaas possible, to divide
adhesions, and enlarge the dural sac before closing.
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Operations were conducted under optic magnification,
using the ultrasonic aspirator (CUSA) to remove lipomas,
as advocated by many [43, 47, 71, 79, 88, 126, 175], and
intraoperative monitoring to recognize the functional
nerves when necessary [148]. Responses to stimulation of
unidentified structures were sought at three levels: lower
limbs by mere visual inspection, bladder by intravesical
pressure recordings, posterior funiculi of the cord, a few
centimeters above the upper limit of lipomas, by somato-
sensory evoked potential recordings (SSEP). Nonfunc-
tional nerves, or non-neural structures mimicking normal
nerveswere sacrificed when necessary. Many publications
have also insisted upon the useful ness of intraoperative de-
tection of functional nervous structures by using SSEP re-
cordings|[75, 146, 170] or urodynamic studies[170], aswe
did. Some others proposed more sophisticated techniques
of recordings using electromyography of the lower limbs
[170], electromyography of the bladder [170], or of the
anal [86-88], or intrarectal pressure[76, 81, 141, 163]. All
thesetechniques have, however, the common disadvantage
of not allowing permanent monitoring of the surgical pro-
cedure. To obtain such control, we recorded SSEP in re-
sponse to continuous stimulation of the pudendal nerves.
Unfortunately, this procedure did not give us reliable in-
formation, probably because of the immaturity of the ner-
vous system in young children.

Technique

The technique used depended upon the type of lipoma.

Lipomas of the filum

Lipomatous filums were cut or removed, depending upon
the site and extension of the fatty infiltration. The surgical



approach to the filum was easy in all cases. Subcutaneous
lipomawas usually absent, and the lumbosacral-sacral ap-
oneurosisintact. In 70% of casesthe dural sac wasnormal.
Intheother 30%, it wasmoderately agenetic. Oncethedura
was open, care was taken not to injure the sacral roots,
which were often attached by pronounced adhesionsto the
pia mater covering the lipomatous filum. In 1 case only,
sacral roots were subpial and intralipomatous, making re-
moval of the lipomatous filum impossible. A single simi-
lar case was reported in the literature [30]. Another rare
difficulty consisted in the extreme shortness of the filum,
and consequently in recognizing the filum from the conus.
As emphasized by Hendrick et al. [76], the cord was actu-
ally always accompanied by a large satellite vein that in-
dicated where cutting was possible or not possible. Thedu-
ral sac, following resection or cutting of the lipoma, was
not enlarged in any case reported.

Lipomas of the conus

Inthe case of lipomas of the conus, surgery was much more
difficult. The skin incision, aways vertical and median,
was curved horizontally in its lower part to remain as far
as possible from the anal region when lipomas were situ-
ated low down. In similar cases, some authors have pro-
posed horizontal [18] or W-shaped [75] incisions. When
the subcutaneous lipoma was voluminous, the skin inci-
sion was split in two at the top of the cutaneous lump to
allow resection of both the excess skin and the lipoma. The
subcutaneous lipoma was totally removed, except in the
last 12 cases of the series, where a magjor part was left in
situ to avoid the creation of a large subcutaneous dead
space in which the CSF could collect postoperatively.

Laminectomy of the lowest normal laminae was often
necessary, either to expose the upper limit of the intradu-
ral lipomacorrectly or to diminish thelumbar curvewhich,
in some cases, was partly responsible for tethering of the
cord.

The dural incision was made rostro-caudally and cir-
cumferentially at the point wherethelipomapenetrated the
dural sheet. At thislevel, adhesions between lipoma, dura
and spinal cord were frequently severe and had to be care-
fully divided to expose the underlying roots. Removal of
theintradural lipomawas easy when its cord insertion was
caudal or dorsal, and posterior rootswere extra-lipomatous
and easily recognizable. In contrast, it was difficult when
its insertion was dorso-lateral or lateral, roots were mal-
formed, either short, aberrant or intralipomatous, and dura
largely missing, replaced by fibro-muscular bundles. Se-
vere adhesions also often complicated surgery badly by
hiding nerve roots from the view of the surgeon (Fig. 31)
or by mimicking nerveroots. In such cases, dissection was
often so difficult that, despite the help of intraoperative
monitoring, surgery was stopped before correct freeing of
the cord was achieved (Fig. 32).

Closure with enlargement of the dural sac, as recom-
mended by many [1, 26, 47, 79, 82, 185] to limit risks of
postoperative adhesions, and hence of retethering, was per-
formed routinely in thelast 90 patients of the series (33%).
This procedure was difficult when the dura was largely
missing laterally. In such cases, the repair had to be fixed
to the paraspinal muscles or aponeurosis making tight su-
turesimpossible. The literature reports that many types of
materials have been used for dural repair, such as fascia
[71, 79], lyophilized dura [1, 79], amniotic membrane,
plain Vicryl, or Vicryl reinforced with Dacron, Dacron, Si-
lastic, Medpor [197] or Gore-Tex [82, 98]. In our series,
the material used were lyophilized dura (n=37), amniotic
membrane (n= 6), autol ogous plasty (n=36), and synthetic
plasty (n=21). Inthe vast majority of our cases autologous
material |ed to severe postoperative adhesions, which were
visible not only on postoperative MRI (Fig. 33), but also
intraoperatively at reoperation. Lyophilized dura had the
same drawback, and involved the further mgjor disadvan-
tage of possibly inoculating Kreutzfeld-Jakob disease.
Dacron gave us apparently satisfactory results, but has
been reported as causing postoperative hemorrhages and
severe adhesions [26, 98]. Gore-Tex and Silastic were sat-
isfactory in all cases (Fig. 34), both in our experience and
in that of Boop and Chadduck [26].

The possibility of correct muscul o-aponeurotic closure
depended upon the site of the spina bifida. When [umbar,
closure has always been tight, sometimes attained by re-
leasing and mobilizing the lumbodorsal fasciatowardsthe
midline, the technical choice depending upon the width of
the spinabifida. When sacral, contrary to Zide' sstatements
[197], closure has always been incomplete and not tight in
our hands, especially inthe case of sacral agenesis. At that
level, muscles and aponeurosis lie too far away from the
midlineto be correctly mobilized towards the midline. For
that reason, we felt that surgery should avoid creating a
subcutaneous dead space by leaving the major part of the
subcutaneous lipoma. Thiswasdonein our last 12 consec-
utive patients and was successful.

Three questions still remain unanswered:

1. How much lipoma should be removed? Opinions vary
from minimal [164] to partial [47, 79, 126] or to complete
[175] removal. Our policy wasto do asnear-completeare-
moval as possible. This could be achieved in 167 of the
252 lipomas of the conus (66%). Of the remaining 85 cases
(34%), removal was partial in 81 and minimal in 4. There
is no doubt that “total” removal in an attempt to reach the
fibrotic interface between lipoma and cord carries the in-
trinsic risk of injuring the posterior columns. This hap-
pened in 3 of our patients, in 2 asthe result of first surgery,
and in 1 after reoperation. These 3 patients complained
postoperatively of insensitive bladder, at least during the
first few postoperativeweeks. For that reason, wenolonger
advocate as complete aremoval as we did in the past, es-
pecially aswe found no correlation between postoperative
results and the extent of removal.
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Fig. 31 Operative view. The durais open and the lipomastill unre-
moved. Note the severity of the adhesions between the lipoma, the
dura and the spinal cord, not only at the level of the medullary in-
sertion of the lipoma but also above it

Fig. 32 Operative view after theresection of alipoma The cord re-
mains attached to left aspect of the dura owing to severe adhesions
that hide the roots on the same side

Fig. 33 Postoperative MRI, T1relaxationtime, sagittal view, show-
ing severe adhesi ons between the posterior aspect of the cord and the
lyophilized dura used to enlarge the dural sac

Fig. 34 Postoperative MRI, T1 relaxation time, sagittal median (a)
and axial (b) views. The spinal cord is free within the mega-cul de
sac. The dural sac has been enlarged by means of a Gore-Tex duro-
plasty

Fig. 35 MRI, T1 relaxation time, axial view: syringomyelia partly
confined by alipoma. Resection of the lipoma will lead to opening
of the syrinx
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2. Should the edges of the placode be closed? This was
advocated by McLone et al. [127] to limit therisk of post-
operative reattachment. Closure of the placode was per-
formed in 17% of our cases. Limited postoperative adhe-
sions were observed in the 3 patients who underwent re-
operation. Adhesions were found only on the midline at
the level of the stitches, making reoperations much easier
and safer than in absence of closure of the placode. This
technique however, did not seem to protect patients from
|ate postoperative deterioration.

3. Should syringomyelic cavities be drained? Choux et al.
[47], Iskandar et al. [83] and Hoffman et a. [79] advocated
myel otomy and/or drainage in the case of severe syringom-
yelias. Inour series, syringomyelic cavitieswere not treated.
Cavitieswere only opened when lipomas, asin Fig. 35, were
in direct contact with them. Contrary to Iskandar’s findings
[83], there was no corrélation in our study between patients

pre- or postoperative clinical status and the presence or size
of a syringomyelic cavity. Furthermore, many syringomye-
liasshrank postoperatively without being drained. Thesedata
made us conclude that treatment of syringomyelias was not
necessary in the great majority of cases.

Surgical complications

The literature shows that it has been the practice to study
lipomas of the filum along with those of the conus and
even, in some series, with other types of dysraphism, asif
these malformations were comparable. In this study, we
analyzed lipomas of the filum and of the conus separately
because, as emphasized above, they are entirely different,
not only clinically and anatomically, but also from a sur-
gical point of view. Therefore, it isdifficult to compare our
therapeutic results with those in the literature.

Lipomas of the filum

Of 39 lipomas of the filum in our series, 38 were operated
on. In 37 cases, the lipomatous filum was cut or removed
as expected. In 1 case (2.6%) this could not be achieved
owing to the presence of lipomatous roots.

There was no case of operative mortality, and no local,
general or neurological complications. These results seem
to correspond with those in the literature, most reported
complications apparently being secondary to surgery on
lipomas of the conus.

Lipomas of the conus

Of 264 lipomas of the conus in the series, 253 were oper-
ated on. Decompression and/or untethering of the nervous
system were correctly achieved in 202 of these 253 cases

(80%). In the remaining 51 patients (20%), surgery was
stopped owing to the complexity of the malformations.

Operative mortality

There was no operative mortality in this series. Thisisin
accordance with the literature, where it averages 0.2%.

General complications

Not mentioned in the literature, general complications
were rare in our series (0.7%): 1 patient developed septi-
cemiaand 1, pulmonary embolism.

Local complications

Local complications affected almost 20% of our patients
(Table 18).

Intheliterature, they ranged from 0% [47, 175] to 56%
[198], and they were estimated by McLone [125] at an av-
erage of 25%. In all series, infections were mainly local
due to the proximity of the wound to the anal region [32,
85, 93, 137].

Subcutaneous pseudo-meningocel es were frequent, es-
pecialy in the case of sacral lipomas [197], and were re-
sponsible for wound breakdown, CSF leak, and infection
[126, 197]. Inour patients, treatment has usually been long
and tedious, necessitating repeated lumbar drainage, com-
pressive dressings and, in more than 8% of cases, addi-
tional surgery (Table 19). Various procedures have been
proposed to minimize their incidence, al aiming to close

Table 18 Postoperativelocal complicationsin 58 patients: NEM se-
ries (n=291)

Complication n %

Meningocele 43 47.8
Subcutaneous infection 17 18.9
CSF leak 13 14.4
Wound non-union 13 14.4
Meningitis 2 2.2
Skin necrosis 2 2.2
Total 20 100.0

Table 19 Reoperations for local complications

NEM series (n=291) n %

Wound repair 19 6.5
External lumbar drainage 1 13
Lumbo-peritoneal shunt 4 0.3
Total 24 8.2
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the dura and the muscul o-aponeurotic layers better. As al-
ready stated, these techniques were ineffective in our
hands. The only technique that prevented postoperative
meningocel es was leaving the mgjor part of the subcuta-
neous lipomain situ.

Neurological complications

All our patients had postoperative EMG and urodynamic
studies. We considered as aggravated by surgery (1) pa-
tients who postoperatively presented with anew symptom
or a symptom that was worse than preoperatively, even
when other preexisting deficits improved or disappeared
following surgery, and (2) babies in whom postoperative
EMGs or urodynamic studies were worse than preopera-
tively, evenintheabsence of clinically detectable changes.
Thirty-two patients were postoperatively aggravated
(10.9%), 22 transiently (7.5%), and 10 permanently (3.4%).

Transient deterioration. Table 20 indicates the types and
incidences of transient aggravations. All completely re-
gressed in amaximum of 6 weeks, while EM Gs and results
of urodynamic studies always returned to their preopera-
tive status. The incidence of such transient deteriorations
has never been mentioned in the literature, but their pos-
sibility was reported by Dubowitz et al. [53], James et al.
[85], Linder et al. [117], and Swanson and Barnett [178].

Permanent deterioration. Permanent deterioration oc-
curred in 10 of the 253 patients (3.9%) operated on for lip-
oma of the conus. Their type and incidence are shown in
Table 20. Sphincteral disturbances were more frequent
than others, and were explained by bladder hyposensitiv-
ity rather than by bladder paralysis. Five patients had on-
ly postoperative urinary complications, 3 had motor and/or
sensory deficits in alower limb, and 2 had both types of
disorders. The postoperativeworsening was severein 3 pa-
tients, but mild and only slightly handicappingin 7. Asan
example, in these 3 cases, preoperative frequency of mic-
turition with urinary leaks transformed into urinary reten-
tion but continence was maintained with self-catheteriza-
tion.

In the literature, it is difficult to assess the postopera-
tive neurological risk correctly. More than half of the arti-
clesdo not mention postoperative complications, and many
others either group all types of lipomas, and even some-
timesall types of spinal dysraphisms, in the same analysis
or present the total number of their immediate and delayed
postoperative aggravations. Reported rates of postopera-
tive deteriorations range from 0% [7, 32, 44, 53, 75, 79,
101, 175] to 4% [47, 93, 126, 136] of postoperative aggra-
vations.

Risk factors. In our study, 15 parameters were entered into
astatistical study to search for risk factors: date of surgery,

Table20 Neurological complications seen immediately after sur-
gery

Transient Permanent

n % n %
Urinary retention 16 55 4 14
Incontinence 7 2 6 21
Anal paralysis 1 0.3 0 0
Motor deficit 14 4.8 6 21
Superficial sensory deficit 5 17 3 1
Deep sensory deficit 4 14 2 0.7
Total® (patients) 22 7.6 10 3.4

@ Some patients had multiple complications

patients’ age and sex, clinical presentation, MRI aspects
of the cord and lipoma, associated malformations. Only 3
parameters were statistically correlated with the onset of
postoperative complications: date of surgery, anatomical
type of lipomas (filum vs conus), and associated adhesions
and/or radicular malformations. There were 10 cases of
postoperative complications, 7 following surgery performed
before 1988, 2 following surgery done between 1988 and
1991, and 1 following surgery done after 1991. The 10 ag-
gravations concerned lipomas of the conus, and, of these 10,
severe adhesions were described in al and severe root ab-
normalitiesin 6. We can therefore conclude from this study
that the surgeon’s level of experience and the anatomical
complexity were the only prognostic factors. These conclu-
sions are not surprising. They were partly confirmed by
Choux [47], who reported that 3 of the 4 cases of postoper-
ative aggravation in his series of 96 patients occurredin pa-
tients with severe root abnormalities [149].

Mechanisms of deterioration. Most deteriorations in our
series probably resulted from lesions of undetected func-
tional roots or of the posterior columns of the cord. Some,
however, were possibly the result of vascular complica-
tions. Thisisillustrated by thefollowing observation: a49-
year-old man was operated on in 1991 for severely pro-
gressive motor and sphincter deficits involving L4 to $4.
The lipoma was compressive, filling the entire dural sac
up to L4. Surgery was accompanied by hemorrhage. After
a 7-h dissection, only half the lipoma was removed when
surgery was stopped. The patient woke up with flaccid par-
aplegia and soon after developed encephalopathy, renal
failure and pancreatitis associated with severe myoglobu-
linemia. These latter complications progressively cleared
up, but the paraplegia remained unchanged. On examina-
tion, the upper sensory level was found to be T8. The dis-
crepancy between this sensitive level and the lumbosacral
localization of the lipoma strongly suggests a vascular
complication attributable to abnormal spinal cord vascu-
larization.
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Surgical results

To date, the results of lipomasurgery remain controversial
and difficult to analyze. In the literature, follow-up was
frequently short, atlessthan 2 years[59, 75, 111, 126, 127],
or not mentioned [32, 47, 108, 109], and the pathology re-
ported covered all causes of tethered cord syndrome|[7, 20,
36, 58, 69, 95, 97, 101, 153]. In addition, many analyses
did not take into account the patients' preoperative clini-
cal status [79] or the length of follow-up [7].

To clarify the subject, we present our results according
to (1) anatomical type of lipomas (conusor filum), (2) pre-
operative status, (3) degree of lipomaremoval and freeing
of the cord, (4) age at surgery, and finally, (5) length of fol-
low-up. The follow-up results have been studied at 1 year
postoperatively and at the maximum follow-up for each
patient. The average maximum follow-up inthis serieswas
6.3 years. Furthermore, asubgroup of 93 patientsfollowed
up for more than 5 years has been individualized to give
better idea of the long-term results (range from 5 to 23
years, average 8.7 years, median 8 years). Comparison
with the literature was again difficult. Only eight series
provided follow-up for longer than 4 years [38, 79, 93, 94,
111, 116, 185, 196]. In our study, patients were classed as
being impoved or cured when their preoperative deficits
improved or disappeared, provided however that no other
deficit appeared or worsened with time, in which case they
were classed as having deteriorated.

After 1 year
Lipomas of the filum

Asindicated in Table 21, no patient deteriorated with time,
and 9 of the 17 (53%) who were preoperatively sympto-

Table21 Clinical status 1 year after surgery

matic were cured or improved. All types of deficits re-
gressed. Of the others, 2 patients stopped deteriorating and
8 remained stable.

In summary, surgical results were good in all cases. In
around 65% of the patients, surgery resultedinclinical im-
provement.

Lipomas of the conus

Asindicated by Table 21, 20 of the 253 operated patients
deteriorated (7.9%): 7 of the 109 without preoperative
symptoms, and 13 of the 144 with preoperative deficits. Of
these 20 deteriorations, 10 were secondary to surgery and
affected patients who were preoperatively asymptomatic
in 2 cases and symptomatic in 8. A total of 103 patients
(71.5%) were either cured (n=26) or improved (n=72), or
stopped deteriorating (n=31), regardless of the type of
their deficits.

In summary, 6.4% of the asymptomatic patients and 9%
of those with preoperative deficits worsened. Of the re-
maining patients, 72% of the symptomatic patients im-
proved or stopped worsening and 19.1% stabilized. Asfor
lipomas of the filum, all types of preoperative troublesre-
gressed postoperatively.

At maximum follow-up
Lipomas of the filum

Of 21 preoperatively asymptomatic patients, 20 (95.2%)
remained asymptomatic (Table 22). The 1 patient who de-
veloped symptoms showed only moderate deterioration,
complaining of adlightly disabling dysuriarelated to a hy-
peractive bladder.

Preoperative status Normal (n=130)

Abnormal (n=161)

Filum Conus Filum Conus
Postoperative _
status (n=291) n=21 % n=109 % n=17 % n=144 %
Normal 21 100 102 93.6 7 41.2 26 18.1
Improved 22 11.8 462 31.9
Motor 2 5.9 22 153
Sphincter 2 5.9 33 229
Both 2 11.8 8 5.6
Stabilized 8(2° 47 59 (31)° 41
Worse 0 0 72 6.4 0 0 132 9
Motor 5 4.6 8 5.6
Sphincter 4 3.7 11 7.6
Both 2 1.8 6 42

& Number of patients;

b Patients with deficits evolving preoperatively
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Table 22 Clinical status at maximal follow-up after surgery

Preoperative status

Normal (n=130)

Abnormal (n=161)

Filum Conus Filum Conus
Postoperative
status (n=291) n=21 % n=109 % n=17 % n=144 %
Normal 20 95.2 83 76.1 6 35.3 26 18.1
Improved 22 11.8 462 31.9
Motor 1 5.9 21 14.6
Sphincter 2 11.8 25 17.4
Both 1 5.9 0 0
Stabilized 9(2)° 52.9 43 29.9
Worse 12 4.8 262 239 0 0 292 20.1
Motor 0 0 12 11 17 11.8
Sphincter 1 4.8 18 16.5 16 111
Both 0 0 4 3.7 4 2.8

& Number of patients;

In symptomatic patients, surgery was beneficial in at
least 10 (58.8%) of the 17 whose deficits either regressed
or stopped evolving. The 9 others remained unchanged. In
summary, surgical resultsat maximum follow-up remained
asgood as at 1 year.

Lipomas of the conus

With lipoma of the conus, 26 of the 109 preoperatively
asymptomatic patients had deficits (23.9%), and 83 were
still symptom-free (76.1%). Since, the 1-year postopera-
tive follow-up, 16 patients (17.5%) had worsened
(Table 22).

Among the group with preoperative deficits, 72 were
still cured orimproved (50%), 43wereunchanged (29.9%),
and 29 were worse (20.1%). Compared with the results at
1 year, 16 additional patients had developed new deficits
or their previous deficits had worsened (11.1%).

In summary, at maximum follow-up, resultshad slightly
deteriorated with timein all groups of patients. However,
50% of them were still greatly improved by surgery.

At more than 5 years of follow-up

The 93 patients followed up for longer than 5 years have
all been reviewed in the last 2 years preceding this study.
Ten had a lipoma of the filum and 83 a lipoma of the co-
nus.

Lipomas of the filum

Asindicated in Table 23, results were unchanged. Among
the 7 patients with no preoperative deficits, 6 were still

b Patients with deficits evolving preoperatively

symptom free (85.7%) and 1 was slightly worse than be-
fore surgery. This patient is the 1 already mentioned at 5
years postoperatively. All 3 patients who were sympto-
matic at time of surgery were cured when last reviewed.

In summary, the good immediate postoperative results
were maintained with time, whether patients were preop-
eratively symptomatic or not.

Lipomas of the conus

Of the 32 patients with no preoperative deficits, 17 were
still symptom free (53.1%), but 15 had deficits (46.9%).
Thus, of these patients, who were symptom free before sur-
gery and operated on prophylactically, 93.6% were still
neurologically normal 1 year after surgery, but only 53.1%
at an average of 8.7 years after operation (Table 23).

Of the 51 patients with preoperative deficits, 31 were
still improved (60.7%): 7 were cured, 20 improved, and 4
had apparently stabilized (Table 23). The long-term out-
come of preoperatively symptomatic patients depended
upontheimmediately postoperativefunctional results. The
better these results, the better the long-term neurological
status. Most of those who were clearly improved 1 year af -
ter surgery remained improved. Conversely, most of those
who deteriorated with time either were not improved by
surgery or only stabilized (Fig. 36).

In summary, very long-term surgical results were much
less favorable for lipomas of the conus than for those of
the filum. Overall, in both groups of lesions, al but 1 of
the long-term deteriorations occurred in patients with lip-
omasof the conus. M orethan 60% of the patientswith such
lipomas benefited from surgery, whilearound 30% of those
with preoperative deficits deteriorated with time, as did
47% of those operated on in the absence of neurological
deficit.
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Table 23 Clinical status of patients with more than 5 years of follow-up

Preoperative status Normal (n=39)

Abnormal (n=54)

Filum Conus Filum Conus
Postoperative
status (n=93) n=7 % n=32 % n=3 % n=51 %
Normal 6 85.7 17 53.1 3 100 7 13.7
Improved 0 0 20% 39.2
Motor 15 29.4
Sphincter 12 235
Both 7 13.7
Stabilized 0 0 9(4)° 176
Worse 12 14.3 152 46.9 0 0 152 29.4
Motor 0 0 6 18.8 7 13.7
Sphincter 1 14.3 14 43.8 10 19.6
Both 0 0 3 9.4 2 39

2 Number of patients;

B 1 year of follow-up (n=144)
[ Maximum follow-up (n= 144)
[1 over 5years of follow-up (n=51)
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Fig. 36 Postoperativeclinical outcomein patientswith symptomat-
ic lipomas of the conus

The functional loss in these patients was severe, an av-
erage of 3.8 points in our functional score. The sphincter
function was the most affected (1.8 points), followed by
the sensory function (0.9 points), the motor function (0.6
points), and the bowel function (0.4 points).

Prognostic factors

A search was undertaken for prognostic factors. Five pa-
rametershave been studied: anatomical type of lipomas (fi-
lum or conus), quality of surgery, age at surgery, and mal-
formation complex.

Anatomical type

There was a highly significant correlation between the an-
atomical type of lipoma (filum/conus) and the long-term

b Patients with deficits evolving preoperatively

outcome. When preoperatively symptomatic and asymp-
tomatic patients were grouped together, rates of deteriora-
tion at 5 years or morefollowing surgery were 10% for lip-
omas of the filum and 36.1% for lipomas of the conus.

Quiality of surgery

In the group of preoperatively asymptomatic patients, the
extent of spinal cord decompression and untethering was
statistically significantly correlated only with long-term
prognosis (P=0.0001) (Table 24). Thiswas not the casein
patients who were symptomatic at the time of surgery.

Age at surgery

Contrary to what has been reported in the literature [11, 59,
97, 116], there was no differencein the long-term outcome
between patients operated on before and after 1 year of age.
Confirming some previous observations[14, 53, 111, 114],
adults in our seriesimproved as well as children.

Malformation complex

Sacral agenesis and perineal or visceral malformations
werenot correlated with prognosis. In summary, at present,
the long-term prognosis for lipomas of the conus cannot
be foreseen preoperatively.

Postoperative evolution of the functional status

Inour experience, apart fromscoliosisor clubfoot, all other
types of neurological deficits were improved by surgery.
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Table 24 Clinical status at maximum follow-up related to quality of surgery (lipomas of the conus)

Preoperative status Normal (n=93)

Abnormal (n=140)

Satisfactory Unsatisfactory Satisfactory Unsatisfactory
Postoperative _
status (n=233)2 n=65 % n=28 % n=89 % n=51 %
Normal 54 83.1 14 50 12 135 7 13.7
Improved 43° 48.3 23° 45.1
Motor 21 23.6 10 19.6
Sphincter 22 24.7 13 25.5
Both 0 0 0 0
Stabilized 31 34.8 15 29.4
Worse 11° 16.9 14° 50 15° 16.9 13° 255
Motor 3 4.6 17.9 5 5.6 8 15.7
Sphincter 8 12.3 12 42.9 10 11.2 6 11.8
Both 0 0 10.7 0 0 1 2

& Number of patients;

Pain, as in most other publications [12, 91, 117, 137],
proved to be the most easily and rapidly curable symptom.
Response of sphincter disturbances to surgery was obvi-
ous in many cases. However, for some others, the influ-
ence of surgery was more difficult to assess because after
surgery the patients were managed medically in urologi-
cal and physiotherapy units.

Resistance of spinal and foot deformities to surgery
could be easily explained. Scoliosis, in the vast mgjority
of our cases, was the consequence of either vertebral mal-
formations or asymmetrical shortening of the limbs, and
not directly related to neuronal dysfunction. Thisseemsto
be in accordance with the literature, which includes only
one publication reporting on postoperative regression or
stabilization of scoliosis [93]. With respect to club foot,
thereisanatural tendency for it to become constantly worse
during growth owing to the pre-existing muscular imbal-
ance at the level of the sole[84, 175] and to stabilize later
once growth hasfinished. Thisisalso aconsistent finding,
since James et al. [84] presented the only pediatric obser-
vation of a foot malformation that regressed postopera-
tively. However, if neurosurgery has almost no direct ef-
fect ontheclub foot, freeing and decompression of the cord
must be performed before the orthopedic correction of foot
malformations.

Comparison with the literature

The general opinion is summarized best by Anderson [7],
who wrote in 1968: “most authors have concluded that op-
eration controls the progression of symptoms; improve-
ment is described in at least half of the patients and surgi-
cal morbidity is low.” In addition, as shown in Tables
25-27, which summarize datafrom theliterature, the other
four major results are that: (1) lipomas of the filum had a

b For 20 patients no information was available

better prognosis than lipomas of the conus [91, 117], (2)
all types of deficit regressed or stabilized postoperatively,
the most resistant, however, being the sphincter deficits
[93, 164, 196], (3) surgery on asymptomatic patients pre-
vented them from further deterioration[110, 111, 116], and
(4) satisfactory results immediately after operation are
maintained over time [111, 116, 196]. These conclusions
do not completely agree with ours.

Smilarities

We agree with most of what has been written on sympto-
matic and asymptomatic lipomas of the filum, and on
symptomatic lipomas of the conus.

For lipomas of the filum, our results were excellent and
were maintained over time. For symptomatic lipomas of
the conus, surgery was indisputably effective. Although
long-term results were much better in patients who im-
proved immediately than in those who were only stabi-
lized, at least 50% of the patients benefited from surgery.
All typesof neurological deficitsimproved, pain morethan
other symptoms [114], whatever the patient’s age at refer-
ral [7, 126].

Differences

Differences, between the literature and our series concen-
trate on the long-term prognosis of asymptomatic lipomas
of theconus. It isgenerally accepted, mainly sincethe pub-
lication of Bruceand Schut [32], that surgery givesthe best
guarantee that asymptomatic children will remain so.
These conclusions are in striking contrast with ours: al-
most 50% of asymptomatic patients in our series devel-
oped deficits in the long term. This divergence could be
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Table 25 Postoperative results from the literature

Reference Year  Anatomical type Follow- Asymptomatic

Symptomatic Not indicated

up
Filum Conus Stabilized Worse Improved Stabilized Worse  Improved Stabilized Worse

[111] 1967 6 20 1-6years 100% 52.9% 41.1% 6%

157] 1971 46.6% 46.6% 6.8%

185] 1973 11 years 5.1% 76.9% 4.5% 79.5%  16%
155] 1974 71% 21% 8%

7 1975 18 21 0% 100% 0%
[189] 1976 50% 50% 0%
32] 1979 35% 59.5% 5.5%
145] 1979 71% 15% 14%
85] 1994 17% 73% 13%
[44] 1995 0% 100% 0%
[127] 1990-1 0% 76% 14%
85] 1985 9.5% 87% 2.5%
109] 1988 20 38 95% 73.9%

116] 1987 54 months  80% 20% 28% 32% 20%
[175] 1988 27% 73% 0%
[119] 1990 4 22 months 3 cases 1 case
[193] 1993 19 24 years 15.7% 84.3% 0%
[38] 1995 10 90 Syears  93% 7% 27%
Table 26 Postoperative results from the literature: filum vs conus

Reference Year  Anatomical type Follow- Asymptomatic Symptomatic Not indicated

Filum Conus Stabilized Worse Improved Stabilized Worse  Improved Stabilized Worse

[91] 1956 6 100% 0% 0%

[117] 1982 21 19 months 24% 71% 5%
[193] 1993 15 19 months 47% 53% 0%
[38] 1995 10 S5years  100% 0% 100% 0%

[38] 1995 90 5years 7% 93% ? ? 27%
Table 27 Postoperative results and types of preoperative deficits recorded in the literature

Reference  Year No.  Anatomical type  Follow-up Bladder M otor/sensory

Filum Conus Improved Stabilized Worse Improved Stabilized Worse

78] 1976 31 31 3of 3 0% 0% 9.1% 90.9% 0%

196] 1985 24 14 10 Median 5years  41.6% 58.4% 0%

126] 1986 50 Average 1 year 12% ? ? 40% ? ?
[97] 1988 21 52.3% ? ?

[175] 1988 15 33.3% ? ?

94] 1990 42 Median 4 years 0% ? ?

164] 1993 8 37.5% 62.5% 0%

192] 1994 12 12 3of 4 ? ? 75%

explained by the facts that our series included more pa-
tients than others, follow-up was much longer, and all pa-
tientshavebeen systematically reviewed inthe past 2 years
preceding this study.

Why did nearly half the asymptomatic patients in our
series who were operated on worsen with time? The an-
swer is not clear. Retethering of the cord may be one rea-
son, but we wonder whether it is the only one, or even the
major one. Itisstriking to observethat postoperative long-

term deterioration is arisk only in lipomas of the conus
and meningomyel oceles, and never in spinal cord tumors,
spinal cord arteriovenous malformations, or lipomas of the
filum. All these operations nevertheless lead to similar
postoperative scarring and adhesions. Why then, these dif-
ferent outcomes? The underlying myelodysplasia might
play apart, and perhaps amajor one. Myelodysplasiaisin-
deed absent or minor in the case of tumor, arteriovenous
malformation and even lipoma of the filum, but probably
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constantly present at various degreeswith meningomyel o-
celes and lipomas of the conus. From these observations,
we suggest that risks of late postoperative decompensation
might result partly from the degree of the underlying mye-
lodysplasia. Postoperative adhesions might be only an ad-
ditional contributing factor. In caseswith minor myel odys-
plasia and severe retethering, recurrence of deficits could
be improved or even cured by reoperation. Conversely, in
cases with severe myel odysplasia reoperation might have
little chance of improving patients condition or prevent-
ing new postoperative deterioration.

Reoperations

Sixteen of our patients underwent reoperation (5.5%). Of
these 16 patients, 6 were asymptomatic prior to first sur-
gery. Thefirst operation was uneventful in all cases. In 13
cases, postoperative worsening devel oped insidiously, and
in 3 following a long period of apparent stabilization
(3, 4, and 7 years). The average interval between the first
and second operationswas 6.5 years (range 1-7 years; me-
dian 6 years), similar to the intervals reported by others
[77, 82, 96].

New or recurrent symptoms were motor deficitsin the
lower limbsin 4 cases, sphincter disturbancesin 4 others,
and both types of deficits in the remaining 8; 4 of these 8
patients also complained of diffuse and severe pain in the
legs.

MR studies before reoperations showed a low-lying
cord attached to the posterior aspect of thedurain all cases,
arecurrent lipomain 2 patients, avoluminousresidual lip-
oma in 5, and a recurrent intralipomatous dermoid cyst
inl.

Reoperation was difficult in all cases owing to severe
adhesions, as in the experience of Sakamoto et al. [163].
In 3 patients, surgery was stopped before complete freeing
of the cord.

Postoperatively, 5 patients were clearly improved
(31.2%) with follow-up of 1 year for 2, 2 yearsfor 2, and
5 years for 1. In 7 cases (43.7%), the symptoms stopped
evolving. There were 3 patients who continued to deteri-
orate (18.7%). Finally, 1 patient was worse after surgery
(6.2%). Overall, patients who were symptomatic at first
surgery did better than those who were asymptomatic. Of
the latter, none improved after reoperation, 3 were stabi-
lized with severe handicaps, 2 continued to deteriorate, and
1 worsened following the second operation. These 16 pa-
tients include 3 who were reoperated on twice because of
continuing worsening of their symptoms, finally with no
success.

Intheliterature, therate of reoperationissimilar to ours
[45, 77, 163, 178]. Our results were grossly the same as
thosereported by Lhoweet al. [116], with 2 improvements
and 1 failure, by McLone and Naidich [125], with respec-

tively 33% and 14% improvement for the motor and sen-
sory functions, and by Sakamoto et al. [163], with 1 im-
provement and 3 stabilizations. They were far from being
as good as those achieved in the series of Hoffman et al.
[79], Kanev et al.[93], and Herman et al. [77], al of whom
report 100% improvement.

In summary, in our experience, reoperations, although
efficient in some cases, often did not improve patients.
Moreover, they were frequently technically difficult and
not free of risk, not only in our experience, but also in that
of Sakamoto et al. [163], who mentioned 3 cases of tran-
sient aggravation in 4 patientswho underwent reoperation.

Indications for surgery

Surgical indications are a subject of controversy. Looking
to the literature, however, there is consensus on the sub-
ject of symptomatic children and adults. For the children,
all publications favor early surgery. In the case of adults,
the few authors who have written on the subject are more
reluctant, advocating surgery only when deficits are pro-
gressive [101] or even evolving severely [47]. Our opin-
ion is slightly different. We believe surgery is mandatory
at any age in the presence of deficits, even when these are
nonprogressive. Our results showed that the majority of
symptomatic patients, adults aswell as children, benefited
from surgery. In these patients, surgical risks are clearly
counterbalanced by the severity of the disease. In adults,
the proposal to wait for progressive symptoms before rec-
ommending surgery suggests that, after a certain age, the
risk of deterioration is small or operations are ineffective,
which is contradicted by our experience and that of many
others [95, 109, 137, 141, 145, 172].

Discussions should only concern asymptomatic pa-
tients, because prophylactic treatments raise major med-
ico-ethical problems. This is true for lipomas as it is for
any other pathology. Examples of prophylactic treatments
arerarein our medical practice and arejustified only when
three conditions are met: (1) low operative risks; (2) pro-
tective effect of the treatment; (3) severe disease.

To advocate routine surgery in asymptomatic lipomas,
we therefore must be able to answer all these three basic
questions: (1) Is surgery harmless? (2) Does surgery pro-
tect patients from further risk of deterioration? (3) Is the
prognosis of lipomas poor? Answers to these questions
must be considered separately for lipomas of the filum and
lipomas of the conus.

Asymptomatic lipomas of the filum
In asymptomatic lipomas of the filum, the risks of surgery

in al series including ours are aimost nil. Almost al pa-
tients, asdemonstrated in our study, remain symptom free,
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and these good results are maintained over time. Does sur-
gery really exert a preventive effect? Our data are insuffi-
cient for an answer. Nevertheless, we can postulate that
surgery is at least harmless, and can reasonably put for-
ward the hypothesis that the risks of surgery are smaller
than those of the disease itself. For these reasons, routine
surgery is acceptable and advisable and does not contra-
vene the rules of ethics.

Asymptomatic lipomas of the conus

Thepolicy for all patientsin this serieswasto operate rou-
tinely on all asymptomatic lipomas of the conus, an atti-
tude similar to that of the mgjority of neurosurgeons[7, 11,
12, 19, 32, 45, 47, 71, 75, 79, 84, 93, 94, 109, 111, 116,
117,119,126, 145, 153, 157,175, 184, 185, 189, 193, 196].
However, our results have not been as expected, since ap-
proximately half the patients developed deficits despite
surgery. Considering in addition the risks of postoperative
deterioration — almost 4% in the case of lipomas of the co-
nus—we cannot any longer advocateroutinesurgery inthis
group of patients; not only is treatment risky, but it aso
does not have much preventive effect. Perhaps in this se-
ries surgical risks would have been reduced by removing
lipomassubtotally instead of radically aswe alwaysaimed.
However, surgical treatment of complex malformations
with severe adhesionsor intralipomatous rootswill always
remain difficult and risky.

It is possible that the actuarial curve showing the slow
postoperative deterioration with time in our patients
(Fig. 37) is better than would have resulted from the spon-
taneous evolution of the disease. At present, a definitive
answer cannot be given.

The natural history of disease has not been much stud-
ied. Thereisavague feeling that aggravations are inevita-
ble but, as already emphasized, the bias of recruitment in

Fig. 37 Timeto clinical deteri-
oration after initial surgical
intervention in patients with
asymptomatic lipomas of the
conus
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all series makes valid conclusions impossible, since
healthy carriers of the malformation have never been taken
into account. The only two reports on the spontaneous ev-
olution of asymptomatic patients are contradictory. In the
series of Bruce and Schut, 7 of the 8 patients deteriorated
[32], while this was true of only 1 of the 10 in that of La-
gae et a. [106]. The number of asymptomatic adult pa-
tientsis also difficult to know. It could be high if one re-
fersto both autopsy reports[17, 113, 124, 154] and radio-
logical studies[31, 50, 131, 139, 187].

All these data show that surgery on asymptomatic lip-
omas of the conus does not fulfill the ethical rules prevail-
ing in the other fields of medical practice.

Proposals and conclusions

At the outset of this study, we hoped to determine the fre-
guency of lipomas of the filum and of the conus, to shed
light on the natural history of the condition, to ascertain
the short- and long-term results of surgical interventions,
and to confirm the value of prophylactic surgery. As we
feared, the project wastoo ambitious. We estimated thein-
cidence of lipomas at 4—7.8/100,000 but this is probably
an underestimate, as the number of asymptomatic patients
who never seek medical attentionisunknown. For the same
reason, thetrueincidence of progressive deterioration can-
not be established. We wish to stress the inherent bias in
all previously reported series, asthey all relate only to hos-
pitalized patients. Despite these limitations the present
study has a significant bearing on the management of spi-
nal lipomas.

1. It emphasizes the hamartomatous nature of lipomas,
which can vary in complexity. In particular, because these
hamartomas may grow during infancy, regular MRI exam-
inations are advocated during this period.
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2. It demonstrates that there are two distinct types of lipo-
mas, afact that is not sufficiently emphasized in the litera-
ture and has made interpretation of theresultsdifficult. The
first type is lipoma of the filum, for which surgery is not
only beneficial in both the short and long term, but also has
almost no morbidity. The second type is lipoma of the co-
nus, which is much more complex, associated with more
severe deficits, and for which surgery cannot be considered
to be free of risk and is of questionable long-term efficacy.

3. A most important and surprising finding was that un-
tethering of the spinal cord and debulking of lipomas of
the conusfail to prevent the onset of late neurological def-
icitsin ailmost half of the patients. This puts the rationale
for prophylactic surgery in these patients in question. Are
the results of surgery any better than the natural history of
the disease? Yet again, the lack of basic information re-
mains a stumbling block in the management of these pa-
tients. Until this question is answered, we are no longer
able to advise prophylactic surgery in patients with conus
lipomas. We now follow a policy of careful surveillance
by a multidisciplinary medical team for these patients. At
referral, they undergo EMG of the lower limbs and peri-

neum, and urodynamic study. Infants are re-examined
twice per year until the age of 2 and later once per year in-
definitely. MRI will be repeated at the age of 6 monthsto
ascertain that the lipoma has not grown in the interval.
Urodynamic studies will also be repeated annually until
the age of 3, or more frequently in the case of multiple uri-
nary infections. Surgery for these patients depends upon
one of four situations: (1) onset of deficits, foot malforma-
tion, amyotrophy, sphincter disturbances, abnormally brisk
reflexes; (2) increase in volume of the lipoma; (3) abnor-
mal urodynamic studies; (4) opposition of the family to
this protocol of surveillance.

We await with interest the follow-up of this new cohort of
unoperated patients. Thisfollow-up will beanalyzedinthe
next 2 years and statistically compared with the first co-
hort of operated patients. The new protocol will be stopped
if theincidence of deteriorationissignificantly higher than
that following prophylactic surgery. We hope that compar-
ison of these two groups of patients will make it possible
to formulate a scientific description of the natural history
of the disease and to define the correct therapeutic attitude
to asymptomatic lipomas of the conus.
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