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Surgical management of foramen magnum
tumours — experiences with 20 cases

Chirurgicka lécba nadorl v oblasti foramen magnum —

zkusSenosti ze 20 pripadU

Abstract

Aim: Foramen magnum tumours represent about 1.1-3.8% of all CNS tumours. The aim of this
study was to evaluate the results of the microsurgical treatment of foramen magnum tumours
with a retrospective analysis of 20 cases operated upon between 2007 and 2020. Material and
Methods: Age at diagnosis, sex, location and size of the tumour in the sagittal plane, surgical
approach, extent of resection, symptoms upon admission and after surgery, the duration of the
symptoms and length of hospitalization time from surgery until discharge were analyzed. Results:
15 patients were women and 5 were men. The average age at diagnosis was 55 years. There were
mostly extraspinal and intradural tumours between 1030 mm in size in the sagittal dimension
in the MRI examination. The most common procedure performed was hemilaminectomy with
a posterolateral approach. Total resection rate was about 85%. The most common symptoms were
headache and weakness with duration of more than a year. 90% of patients reported improvement
of their clinical status. The hospitalization length from surgery until discharge was about 12 days.
Conclusion: Despite the anatomically difficult area, microsurgical operations can be performed in
a safe manner in patients suffering from a foramen magnum tumour.

Abstrakt

Cile: Nadory v oblasti foramen magnum predstavuji priblizné 1,1-3,8 % nadord CNS. Cilem této
studie bylo vyhodnotit vysledky mikrochirurgické Iéc¢by nador( v oblasti foramen magnum
v ramci retrospektivni analyzy 20 pfipadd, které byly operovany mezi roky 2007 a 2020. Materidly
a metody: Byly analyzovany vék v dobé diagndzy, pohlavi, umisténi a velikost nddoru v sagitalnf
roving, chirurgicky pfistup, rozsah resekce, pfiznaky pfi pffjmu a po chirurgickém zakroku, trvanf
priznakd a délka hospitalizace od zakroku po propustént. Vysledky: Z pacientl bylo 15 zen a 5 muzd.
Prameérny vek v dobé diagndzy byl 55 let. Jednalo se vétsinou o extraspinalni a intradurdlni nadory
o velikosti 10-30 mm v sagitalni roviné na zobrazeni MR. Nejcastéji provadénym zdkrokem
byla hemilaminektomie z posterolaterdiniho pfistupu. K Uplné resekci doslo pfiblizné v 85 %
pfipadl. Mezi nejcastéjsimi priznaky byly bolest hlavy oslabeni s trvanim delSim nez jeden rok.
90 % pacientl uvedlo zlepseni klinického stavu. Délka hospitalizace od chirurgického zakroku do
propusténi byla priblizné 12 dni. Zdver: | pres anatomicky obtizné pristupnou oblast je u pacient(
s nadorem v oblasti foramen magnum mozné provést mikrochirurgické operace bezpec¢nym
zpUsobem.
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Background

Foramen magnum tumours represent
about 1.1-3.8% of all CNS tumours [1].
They were first described as incidental fin-
dings by the French physician Hallopeau in
1872 in a post-mortem study. The first su-
ccessful operation of tumours in the re-

gion dates back to 1927 [2-4]. Treatment
of the lesions located in this region is cha-
llenging because of the vicinity of cru-
cial anatomical structures including me-
dulla, lower group of cranial nerves and
vertebral artery [2]. The most common fo-
ramen magnum tumours are meningio-

mas (1.8-3.2% of all meningiomas) followed
by neurinomas. Together they constitute
up to 40.5-75.0% of the tumours loca-
ted in this region. Other tumour types lo-
cated in this region include chordomas,
chondroids, metastases and epidermal
cysts [1,5-8].
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Tab. 1. Symptoms upon admission.

Symptoms Number Percentage
paresis 9 45%
pain 9 45%
excessive deep tendon reflexes 5 25%
sensory disorders 4 20%
faint 1 5%

Fig. 2. Giant foramen magnum chordoma operated using a transoral approach - gross

total resection was achieved.

Obr. 2. Obfi chordom v oblasti foramen magnum operovany transoralnim pfistupem -

dosazeno celkové resekce.

The aim of this study was to evaluate the
results of the microsurgical treatment of fo-
ramen magnum tumours treated.

Material and methods

The medical history of 20 patients who un-
derwent surgery for a tumour located in
the foramen magnum region between the
years 2007 and 2020 at the Neurosurgery
Department of the Military Institute of Med-
icine in Warsaw, Poland was analyzed retro-
spectively. We observed the age at diagnosis

and which sex was more susceptible to this
type of tumour. Other analyzed factors were
the location in relation to the neuraxis and
the size of the tumour in the sagittal plane
in MRI T2- and T1-weighted images, espe-
cially with regard to neurovascular struc-
tures which could determine the surgical
approach and extent of the resection. We
studied the symptoms of foramen magnum
tumours upon admission and after the pro-
cedure and also, the duration of the symp-
toms and the average hospitalization lenght.

<10mm 10-30 mm > 30 mm

Fig. 1. The size of the tumours.
Obr. 1. Velikost nador.

In our department, neuromonitoring dur-
ing surgery for extra-spinal tumours is not
generally used.

Results

Medical history of 20 patients was analyzed.
15 (75%) patients were women and 5 (25%)
patients were men. The female/male ratio
was 3 : 1. The average age at diagnosis was
55 years. Patients presented with two types
of clinical course: long-lasting chronic symp-
toms and more rapid development of symp-
toms lasting less than one year. The shortest
course was about 3 months.

The main symptoms upon admission
were motor dysfunction and headache.
Other neurological disorders included sen-
sory disturbances, excessive deep tendon
reflexes and one case of periodic fainting.
The symptoms are summarized in (Tab. 1).

The best method for visualizing spinal
canal lesions is MRI [9]. Each tumour was rou-
tinely assessed using this modality before
and after surgery. There were 18 extramed-
ullar intradural tumours and 2 epidural tu-
mours. The location of the tumour was also
determined based on the MRI examination
in relation to the neuroaxis. In 2 cases the
tumour was posterior to the spinal cord, in
6 cases it was anterior and in the remaining
12 cases the tumour was located anterolater-
ally to the spinal cord.

Tumours were measured in the sagit-
tal dimensions and were divided accord-
ing to their size into three groups based on
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measurements performed on the MRI scans:
group I: < 10mm; group II: 10-30mm; group
[ll: > 30mm. Tumours size range in the sag-
ittal dimensions was 8-53mm. The ma-
jority of the tumours were in the range of
10-30 mm in the sagittal dimensions (Fig. 1).

Several surgical techniques were used.
These were hemilaminectomy from the pos-
tero-lateral approach (7 patients) and mid-
line approach (1 patient), midline approach
laminectomy (2 patients), lateral suboccipi-
tal craniotomy (in 4 patients, including one
extended by right-sided hemilaminectomy
and two by left-sided hemilamectomy) and
1 subboccipital midline approach (extended
with laminectomy in one patient), 4 midline
approaches with extended fenestrations
and 1 transoral approach (Fig. 2, Tab. 2).

In 17 (85%) patients, the tumour was mac-
roscopically removed completely while in
3 (15%) patients the removal was incom-
plete. The histopathological examination
revealed 12 meningiomas, 6 neurinomas,
1 chordoma and 1 enterogenic cyst.

Eighteen patients (90%) reported im-
provement of their preoperative symptoms.
Two (10%) patients developed post-oper-
ative complications: lesion of the XlIth and
Xlth cranial nerve (1 patient) and quadriple-
gia (1 patient).

The average time from surgery to dis-
charge was 12 days. In one case, the postop-
erative course was severe as the patient de-
veloped quadriplegia and required assisted
ventilation and nutritional alimentation. In-
tensive rehabilitation was implemented and
patient recovered from her symptoms and
now she is self-sufficient. The hospitaliza-
tion time was 72 days. Notwithstanding this
challenging case, the length hospitalization
would be 8.7 days.

Discussion

Foramen magnum region is the space
bounded anteriorly by the lower part of the
clivus and the upper edge of the body of the
C2 vertebra and posteriorly by the front edge
of the occipital bone and the C2 spinous pro-
cess. The lateral borders are composed of the
jugular tubercules and the upper part of the
C2 arch and the C1-C2 facet joints [8,10,11].
Cushing and Eisenhardt divided tumours
of the foramen magnum into supraforami-
nal/craniospinal (i.e., those that form on the
base of the skull) and subforaminal/spinocra-
nial (arising in the spinal canal) groups [12,13].
They are characterized by an ambiguous clin-
ical course. The symptoms can even resem-

Tab. 2. Surgical approaches.

Surgical approach Amount Percentage
posterolateral with hemilaminectomy 7 35%
midline with extended fenestration 4 20%
midline with laminectomy 2 10%
suboccipital lateral with hemilaminectomy 3 15%
suboccipital lateral 1 5%
suboccipital midline with laminectomy 1 5%
midline with hemilaminectomy 1 5%
transoral 1 5%

Fig. 3. A case of meningioma located anteriorly to the neuroaxis operated using
a suboccipital lateral approach with C1 hemilaminectomy — gross total resection was
achieved without occipital condyle resection or vertebral artery transposition. Pre- (a, c)

and postoperative (b, d) images.

Obr. 3. Pfipad meningiomu umisténého anteriorné k ose nervového systému operova-
ného subokcipitalnim laterdlnim pristupem s hemilaminektomii C1. Bylo dosaZeno cel-
kové resekce bez resekce okcipitdlniho kondylu nebo transpozice a. vertebralis. Snimky

pred zakrokem (a, ¢) a po zakroku (b, d).

ble the features of cervical spine degenera-
tive disease [1]. Surgery is the main treatment
modality for most of the tumours located in
this region with the main aim being to de-

compress the medulla and the spinal cord
with minimal damage to the neural tissue.
Various surgical approaches have been pro-
posed over the years: suboccipital midline ap-
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Fig. 4. (a-d) A case of meningioma located
anterolaterally to the neuroaxis encasing
posterior inferior cerebellar artery and the
XlIth cranial nerve operated using a subo-
ccipital lateral craniotomy - incomplete re-
moval. Images before and after surgery. (e-
j) A case of meningioma located anteriorly to
the neuroaxis encasing of the lower group of
cranial nerves operated using a suboccipital
lateral approach with C1 hemilaminectomy —
incompletely removal. Images before and af-
ter surgery and also intraoperatively.

Obr. 4 (a—d). Pfipad meningiomu umisté-
ného anterolaterainé vzhledem k ose ner-
vového systému obalujiciho a. cerebelli
posterior inferior a XIl. hlavovy nerv ope-
rovaného pomoci subokcipitalni lateralni
kraniotomie - netplné odstranéni. Snimky
pred zakrokem a po zakroku. (e—j) Pfipad
meningiomu umisténého anteriorné vzhle-
dem k ose nervového systému obalujiciho
dolni skupinu hlavovych nervi operova-
ného pomoci subokcipitalniho laterdiniho
pfistupu s hemilaminektomii C1 - netplné
odstranéni. Snimky pfed zakrokem a po za-
kroku a dale z prlibéhu operace.

proach, lateral with or without partial resec-
tion of the occipital condyle, transposition of
the vertebral artery, far lateral, anterior and an-
terolateral, access through the oral cavity and
many others [2,6,8,10,14,15]. The choice of the
approach is largely influenced by the loca-
tion of the tumour relative to the neuroaxis.
In our department, the most commonly used
approaches are the posterior midline and
posterolateral approach. These approaches
have been reported previously by several au-
thors [5,10-12,14,15]. In our experience, with
adequate exposure and utilizing the poster-
olateral approach, time consuming and risky
manoeuvres that are reported in the literature
such as transposition of the vertebral artery
or resection of the occipital condyles can be
avoided even in large tumours localized ven-
tral to the medulla (Fig. 3) [16].

The most effective approach in the case
of craniospinal junction tumours extending
into the posterior cranial fossa is the sub-
occipital lateral approach [5,6,17,18]. The en-
casement of the posterior inferior cerebellar
artery and lower group of cranial nerves can
prevent gross total resection (GTR) of these
tumours (Fig. 4).

In the paper by Choque-Velasquez and
Hernesniemi, we can find a similar approach
to tumours of this type without resection of
the occipital condyle and transposition of
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Fig. 5. Meningioma located anterolaterally to the neuroaxis operated using a C1 hemilaminectomy — completely removal. Images be-

fore and after surgery.

(@, b) Preoperative axial and sagittal T2-weinhted MRI image.
(c, d) Axial and sagittal postoperative T2-weighted MRI image.
(e, f) Intraoperative image of meningioma with fibre of C2.
Obr. 5. Meningeom umistény anterolateralné k ose nervového systému operovany hemilaminektomii C1 - GpIné odstranéni.

Snimky pred zakrokem a po zakroku.

(@, b) AxidIni a sagitalni T2 vazené MR snimky pfed operaci.
(c, d) AxidInf a sagitalni T2 véZzené MR snimky po operaci.
(e, f) Intraoperacvni snimek meningiomu s vlakny C2.

the vertebral artery [17]. An approach with
the caudal extension of the tumour hemi-
laminectomy (C1/C2 — 10 cases in our group)
orlaminectomy (C1/C2 - 3 cases) can be em-
ployed (Fig. 5).

Laminectomy used to be the standard ap-
proach for spinal canal tumours. Currently, it
is used mainly in the case of changes located
posteriorly to the spinal cord [19].

On the other hand, unilateral hemilami-
nectomy became more popular as a mini-
mally invasive method in the surgery for in-
tradural tumours with a lateral position in
relation to the spinal cord [19]. The best con-
ditions for its implementation mentioned in
the literature are the transverse size of the
tumour < 2cm and the tumour limitation to
2 levels of the spinal canal [20,21]. Our ma-

terial proves that hemilaminectomy can be
used successfully for resection of these kinds
of tumours.

It is difficult to achieve GTR in tu-
mours > 2cm in diameter or exceeding
2 levels using only hemilaminectomy. For
the most part, we can extend our proce-
dure (i.e., suboccipital lateral craniotomy
with hemilaminectomy) to remove these
kinds of tumours. In our material, laminec-
tomy was performed in three cases and in
one case a suboccipital craniotomy was ex-
tended with laminectomy in tumours lo-
cated on the dorsal surface of the spinal
cord. In four cases a tumour removal was
possible through a widened fenestration. In
the analyzed literature, we did not encoun-
ter any cases of foramen magnum tumour

removal through a fenestration alone. Simi-
larly to Bernard Georg et al, we use a seated
position. It has many advantages, including
facilitating the drainage of blood and cere-
brospinal fluid from the operating field and
rapid decompression of the nerve struc-
tures. The frequently quoted disadvantage
of this approach is the air embolism [15]. In
our material, with implementation of stand-
ard surgical manoeuvres, no significant in-
traoperative air embolism occurred. These
manoeuvres are executed as soon as the fall
of the end-tidal CO2 level is observed and
include generous irrigation, compression
of the jugular veins, increase of the venous
pressure by tilting the whole operative table
head-down, waxing the bony edges and
covering the sinuses with moist gelfoam.
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Fig. 6. Giant neuroma with location anteriorly and anterolaterally to the neuroaxis with
unfavourable course of the vertebral artery, posterior inferior cerebellar artery also cra-
nial nerves Xll and XI nearby (operated using a midline approach with C1 laminectomy

and C2 hemilaminectomy).

Obr. 6. Obfi neurom umistény anteriorné a anterolaterdlné vzhledem k ose nervového
systému s nepfiznivym pribéhem a. vertebralis, a. cerebelli posterior inferior a XIl.
a Xl. hlavového nervu v blizkosti (operovano pristupem ve stfedni linii s laminektomii C1

a hemilaminektomii C2).

Using the above-mentioned techniques,
we achieved GTR in 85% of 20 patients. For
comparison, the rate of GTR in the material
of C. Parlato was 73.3% of 15 patients and in
the Kuntal Kanti Das case series it was 51.7%
of 29 patients. In 2 cases, due to the large size
of the tumour and its adhesions with the sur-
rounding structures, the course of the pos-
terior inferior cerebellar artery and the lower
group of cranial nerves, we failed to achieve
GTR (Fig. 4, 6). In addition, the ventral position
of the tumour in relation to the spinal cord
has a significant influence on the total tumour
resection, which was the cause of failure to
achieve GTRin 2 cases in our set [18]. Among
the 4 incompletely removed tumours, two of
them were in group lll in the sagittal dimen-
sion according to the tumour size but on the
other hand, 5 were in the same group with
GTR. There were no mortalities.

Similarly to Parlato, there was a female pre-
dominance (women/men ratio 3 : 1) [14]. We
also obtained similar results with the above-
mentioned author by analyzing the aver-
age age at onset (55 vs. 52 years). However,
Kuntal Kanti Das's results are different. Here,
the average age at onset was 36.6 years with
a predominance of men. The most frequent
symptoms of these types of changes were
muscle weakness and pain in 45% of patients
in our work; disorder of muscular strength in
75% of Kanti Das’s work; and pain complaints
from 46% of patients in Parlato’s work. Most
of the tumours of this region were menin-
giomas and neuromas — 12 and 6, respec-
tively. Spinal canal meningiomas constitute
12% of all tumours and as much as 25-45%
of intradural spinal canal tumours [1,7,8]. In
Parlato’s publication, histopathology results
also showed the dominance of these tu-

mours — 7 and 5, respectively. In Kanti Das's
work, it was just the opposite — 11 neuromas
and 5 meningiomas. In 90% of the patients
who underwent surgery, we obtained neu-
rological improvement. Only two patients
developed complications such as the lesions
of cranial nerves XIl and Xl in the first and
limb paresis in the second case. Compared
to the work of Parlato (complications in 2 out
of 15 patients — 14%) and Kanti Das (6 out of
29 patients — 21%) in our set, the percentage
of complications was about 10% [10,14].

Conclusions

Despite the anatomically difficult area, mi-
crosurgical operations can be performed
in a safe manner in patients suffering from
a foramen magnum tumour. We did not
use neuronavigation or intraoperative neu-
romonitoring and in comparison with other
centres the final results of the treatment
were similar [15,20].

Both posterior and posterolateral ap-
proaches and a seated position, as seen in
the analyzed patient set, are safe methods
of microsurgical surgery of foramen mag-
num tumours. The most important factors
that may affect the postoperative course are
tumour location and adhesions to surround-
ing vascular and neural structures [22].
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