
ORIGINAL PAPER

Surgical management of long intramedullary spinal cord
tumors

Michael E. Tobias & Matthew J. McGirt &
Kaisorn L. Chaichana & Ira M. Goldstein &

Karl F. Kothbauer & Fred Epstein & George I. Jallo

Received: 27 May 2007 /Published online: 18 July 2007
# Springer-Verlag 2007

Abstract
Object Spinal cord tumors represent approximately 10–
20% of primary central nervous system tumors. Only 20–
30% of primary intradural tumors are intramedullary. The
incidence of longitudinally extensive tumors involving the
cervical, thoracic, and lumbar spine is very low (<1% of
intramedullary lesions); hence, little literature exists on the
management of this entity.
Materials and methods We retrospectively reviewed all
patients undergoing surgical resection of longitudinally
extensive intramedullary spinal cord tumors involving the
majority of the spinal cord between 1990 and 2002.
Clinical, radiographic, operative, and outcome variables
were retrospectively recorded and reported.

Results Thirteen patients (eight male, five female) were
included in the study. Mean age was 15 years (range, 3–45)
at the time of the initial resection. Gross total resection was
achieved in eight cases and subtotal resection in five cases.
Pathology revealed astrocytoma in six cases (two pilocytic,
four grade II), gangliogliomas in four cases, oligodendro-
glioma in two cases (one anaplastic), and lipoma in one
case. One (8%) patient died from progression of anaplastic
oligodendroglioma, and two (15%) underwent reoperation
for recurrent tumor (ganglioglioma, grade II astrocytoma).
With a mean of 3.4 years (range, 1–12) after surgery, the
modified McCormick score (MMS) had worsened in only
two (15%) patients, improved in three (23%) patients, and
remained stable in seven (54%) patients compared to
preoperative MMS. Five (38%) patients required fusion
for progressive spinal deformity.
Conclusion Gross total resection of holocord and longitu-
dinally extensive intramedullary spinal cord tumors can be
achieved with preservation of long-term neurological
function in many cases. Serial imaging is recommended to
guide subsequent resection for tumor recurrence and
stabilization of progressive spinal deformity.
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Introduction

Tumors of the spinal cord occur with one tenth the
incidence of intracranial neoplasms—approximately three
to ten per 100,000 population [1]. Although they arise more
frequently in the pediatric population and are seldom
reported in individuals more than 60 years of age, these
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are lesions that affect individuals of all ages. The subset of
holocord and longitudinally extensive spinal tumors
(lesions involving the majority of the spinal cord) represent
a rarer and more challenging condition for which there has
been little recommendations and treatment protocols
reported in the literature [2–4, 7, 8, 11–15]. Prior studies
have almost entirely been case reports limiting the ability to
assess surgical outcome [2–4, 7, 8, 11–15]. Advancement
in magnetic resonance imaging (MRI) technology, neuro-
physiologic monitoring, and surgical equipment have
greatly enhanced our ability to treat this rare tumor type
safely and effectively [2–4, 13]. It is our premise that
aggressive surgical resection is an applicable approach to
the surgical management of these lesions [4]. In this report,
we present our experience with the treatment of 13 patients
with holocord and longitudinally extensive tumors and their
outcomes.

Materials and methods

All cases of holocord and longitudinally extensive intra-
medullary spinal cord tumors (lesions involving the
majority of the spinal cord) surgically treated at the New
York University Hospital between 1990 and 2002 were
retrospectively reviewed. The medical, radiological, surgi-
cal, pathological, and follow-up clinical records from these
patients were reviewed. The medical information analyzed
for each patient included age at presentation, symptoms at
presentation, duration of symptoms, previous treatment,
adjuvant therapy, and immediate and late outcome. The
Modified McCormick Score (MMS) [9, 10] was recorded
preoperatively, postoperatively, and at last follow-up.
During the follow-up period, patients demonstrating con-
tinued progression of structural kyphotic or scoliotic curves
on radiographs despite external bracing underwent attempt-
ed curve correction and instrumented fusion. Patients with
stable spinal deformity underwent curve correction and
fusion only if accompanied by radicular symptoms,
significant back pain, or functional limitation thought to
arise from their spinal deformity.

Surgical approach

Patients operated on for the first time underwent an
osteoplastic laminotomy with subsequent bone replacement
while those with prior laminectomy underwent laminec-
tomy. The surgery was performed in either a single setting
or in a two-staged technique, starting in 1999. The goal of
staging the procedure was to limit surgeon fatigue and
ensure a safe and radical resection of the tumor. Ultrasound
aspiration was used to excavate the tumor from the inside
outward until its interface with the white matter was reached.

Resection was deemed complete once the interface with the
white matter was reached or if a sustained decrease in motor
evoked potentials greater than 50% of baseline occurred.
Ultrasonography was routinely employed before and after
resection for localization and to assure the extent of the
resection. Gross total removal of the tumor was attempted in
all patients. Extent of resection was based solely on
comparison of pre- and immediate postoperative MRI
studies. Gross total removal was defined as removal of at
least 95% of the tumor. Subtotal removal was defined as 80
to 95% resection. Sensory- and motor-evoked potentials
were used routinely for all the operations.

Results

Presentation

Thirteen patients (eight male, five female) were included in
the study. Mean age was 15 years (range, 3–45) at the time
of the initial resection. At the time of diagnosis, all lesions
were located in the cervical and thoracic spine. Four (31%)
lesions extended down to the first lumbar segment. Tumor
spanned a mean±SD 16±2 spinal levels. The character-
istics for this patient population are summarized in Table 1.
The most common indicators for radiographic imaging
were pain, sensory, motor deficits, or gait abnormalities.
The most common presenting symptoms were pain and
sensory deficits with significant weakness usually evolving
much later. Pain was predominately along the spinal axis.
The mean preoperative MMS [9, 10] for the study group
was 2.4. Before surgery, two patients were classified as
MMS grade I, five as grade II, two as grade III, and four as
grade IV. Five (38%) patients underwent prior biopsy to
guide radiotherapy before being referred to our institution.
These patients were referred for further treatment because
of clinical or radiographic progression (Fig. 1).

Surgical results

Nine (69%) patients had an osteoplastic laminoplasty
performed, and four (31%) had traditional laminectomy as
the surgical approach. Gross total resection was achieved in
eight cases and subtotal resection in five cases. Pathology
revealed astrocytoma in six cases (two pilocytic, four grade
II), gangliogliomas in four cases, oligodendroglioma in two
cases (one anaplastic), and lipoma in one case. Two (15%)
patients had very large tumors, an 8-year-old patient (C3–
L1) and a 24-year-old (C1–T12) patient. For these two
cases, the surgery was staged, and the cervical resection
was done first, followed approximately 2 weeks later by the
thoracic resection.
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Adjuvant therapy

A total of six patients received radiotherapy as adjuvant
treatment for their intramedullary spinal cord tumor. Five
(38%) patients underwent prior biopsy and received
radiotherapy before presenting to our institution. Only one
patient received postoperative radiotherapy after surgery at
our institution. This patient was treated for the anaplastic
oligodendroglioma. The remaining patients were treated
with surgery alone.

Outcome analysis

There was no perioperative mortality. A cerebrospinal fluid
leak requiring wound revision surgery occurred in one case.
All patients were available for follow-up review with a
mean of 3.4 years (range, 1–12) after surgery. Spinal
deformity requiring surgical correction occurred in five

patients. The incidence of fusion for spinal deformity was
similar between the laminectomy and laminoplasty groups
(two [50%] vs five [55%]). Recurrence or progression of the
tumor occurred in four (31%) patients. Two underwent
reoperation (ganglioglioma, grade II astrocytoma), and one
received chemotherapy for leptomeningeal spread (anaplastic
oligodedroglioma) who eventually died from tumor progres-
sion 25 months after surgery. Two patients developed
hydrocephalus postoperatively and had ventriculoperitoneal
shunts placed. By last follow-up, disease progression was
similar in patients receiving gross total vs subtotal resection.
The eight patients (100%) who received a gross total resection
showed no evidence of tumor progression on MRI. Four
patients (80%) undergoing subtotal resection had evidence of
residual but stable disease.

With a mean of 3.4 years (range, 1–12) after surgery,
MMS [9, 10] had worsened in only two (15%) patients,
improved in three (23%) patients, and remained stable in

Table 1 Characteristics and outcomes of 13 patients undergoing resection of holocord intramedullary spinal cord tumors

Age, sex Level Surgery Preoperative
MMS grade

Postoperative
MMS grade

Histology Follow-up
(months)

Outcome Comments

3, F C2–T11 Laminoplasty 1 1 LGA 30
14, M C4–T9 Laminoplasty 1 1 LGA 150
4, F C4–T10 Laminoplasty 3 3 LGA 88 Recurrent

disease
(C7-T7)

Spinal fusion
for
deformity

8, M C3–T12 Laminoplasty
Staged

2 3 Oligodendroglioma 9 Preoperative
Bx

13, M C4–L1 Laminoplasty 2 2 JPA 31 Spinal fusion
for
deformity

11, F C6–L1 Laminectomy 2 3 JPA 20 Preoperative
Bx, spinal
fusion for
deformity

15, M C1–L1 Laminoplasty 4 4 Ganglioglioma 26 Recurrent
disease
(C5-T2)

Spinal fusion
for
deformity

36, F C6–L1 Laminectomy 2 1 Lipoma 30 Spinal fusion
for
deformity

3, M C3–T10 Laminoplasty 4 4 LGA 13
45, F C1–T9 Laminectomy 4 4 Ganglioglioma 32 Preoperative

Bx,
VP shunt

24, M C1–T12 Laminoplasty
Staged

4 4 Anaplastic
Oligodendroglioma

25 Death Disseminated
tumor,
death

7, M C1–T10 Laminectomy 2 1 Ganglioglioma 40 Preoperative
Bx,
VP shunt

12, M C1–T8 Laminoplasty 3 2 Ganglioglioma 29

MMS Modified McCormick Scale
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seven (54%) patients compared to preoperative MMS [9,
10]. Of the three patients that improved, all had their
surgery within 1 year of developing signs and symptoms
that led to the diagnosis of their holocord lesion.

Discussion

The management for holocord intramedullary tumors
remains debated. Although the majority of these tumors
are benign, the optimal treatment for these rare lesions is
not yet defined in the literature. The same guidelines
established for treating intramedullary tumors remain
applicable for holocord tumors [5, 6, 9]. Early treatment
remains necessary in preventing further progression of
symptoms and possibly improving neurological function
for these large and extensive lesions [2–4, 7, 8, 11–15].
However, there are additional challenges that face the
surgeon performing the extensive resection required in
removing a holocord tumor.

Although only 2 of our 13 patients had staged
operations, it is felt that it may be beneficial to stage

holocord surgery in the future [2, 4]. Two variables that
might encourage the surgeon to opt for staging the resection
are a large lesion and/or a large patient. The two cases that
were staged in our series were an 8-year-old patient (C3–
L1) and a 24-year-old (C1–T12). In general, if more than
15 spinal levels are involved and the patient is not very
small in size, staging allows the surgeon to focus on a
smaller lesion, which will cut down on anesthesia time, and
this may result in a more complete resection. The two
operations typically will entail a cervical operation and a
thoracic operation.

Follow-up for these patients requires special attention to
spinal deformity and instability. This represents an in-
creased source of morbidity for patients with longitudinally
extensive tumors, which can be corrected if careful follow-
up is maintained postoperatively. In this cohort, five
patients ultimately had undergone fusion for spinal defor-
mity by last follow-up, demonstrating the common occur-
rence of progressive spinal deformity in these patients.

The clinical and functional status of the patients was
graded using the modified McCormick classification
scheme [9, 10]. Seven patients experienced no change in
their grade, three patients improved by one grade, and two
patients deteriorated by one grade. Of the three patients that
improved, all had their surgery within 1 year of developing
signs and symptoms that led to the diagnosis of their
holocord lesion. The two patients that deteriorated both
underwent surgery more than 1 year after displaying signs
and symptoms of an intramedullary lesion and experienced
their decline perioperatively.

All patients in the series harbored low-grade tumors with
one exception. The patient with the high-grade tumor was
diagnosed with an anaplastic oligodendroglioma. This
patient ultimately died because of disseminated tumor spread
2 years after surgery. The good long-term tumor control and
achievement of gross total resection in the majority of these
cases were a result of benign tumor pathology. Complete
resection and long-term disease control are far less attainable
in high-grade lesions, representing a subset of patients less
applicable to our cohort.

Aggressive surgical resection with the goal of complete
resection can be achieved for holospinal cord tumors and
longitudinally extensive tumors of low-grade pathology.
Long-term neurological function can be preserved in the
majority of these cases. A two-staged resection in tumors
of the holocord is an affective option to limit surgeon
fatigue and maximize safe radical resection based on
surgeon preference. By 3 years after surgery, stable
disease control can be achieved in both cases of gross
total and subtotal resection of low-grade tumors. Serial
imaging is recommended to guide subsequent resection for
tumor recurrence and stabilization of progressive spinal
deformity.

Fig. 1 Sagittal and axial (C5) postcontrast T1 MR images of an
intramedullary spinal cord tumor involving 15 spinal levels
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