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Summary

Principles: Intramedullary spinal cord tumours
are rare. The long-term results depend on their
varying natural histories and the surgical approach.
Less extensive tumour resection avoids greater
postoperative neurological impairment without a
negative impact on postoperative outcome.

Methods: Twenty-seven patients who under-
went a total of 34 surgical interventions (including
7 reoperations) were clinically and radiologically
reinvestigated. Histology revealed 19 glial, 4 non-
glial and 4 miscellaneous tumours.

Results: Postoperative long-term clinical fol-
low-up (mean 62 months postoperatively) in 25 pa-
tients revealed functional improvement in 2 cases,
stable conditions in 17 and deterioration in 6. Al-
though there was residual tumour on MRI in 19 of
the 22 patients reexamined, stable radiological
studies were seenin 15 cases. Despite the high per-
centage of partial resections or biopsies, good

long-term clinical results were found in 19 patients
(70%).

Conclusion: "The long-term outcome depends
on tumour biology and the type of surgery. For
low-grade astrocytomas we propose partial resec-
tion without incurring the risk of major postoper-
ative neurological deficits, with semi-annual and,
after 5 years, annual follow-up. Despite the fact
that ependymomas are amenable to complete sur-
gical resection, this was achieved in only one of six
cases in this series. Postoperative MRI follow-up
of intramedullary tumours must be protracted, as
most of these tumours are slow-growing. An in-
crease in the extent and intensity of contrast en-
hancement of the tumours was defined as tumour
recurrence or progressive tumour growth.

Key words: intramedullary tumour; spinal cord neo-
plasm; outcome

Introduction

Intramedullary spinal cord tumours (IMT) are
rare and present with varying natural histories de-
pending on their heterogeneous histological types.
Resection techniques vary from biopsy to partial,
subtotal, and gross total resection. Although there
is disagreement in the literature concerning the ex-

tent of surgery, only a few long-term studies have
been reported [1-11]. However, radical resection
of intramedullary astrocytomas does not necessar-
ily correlate with improved long-term outcomes

(3, 4].

Patients and methods

Twenty-seven patients with IMT; exclusive of filum
terminale lesions, were treated between 1984 and 1998.
Three had had prior biopsies performed at outside insti-
tutions but none of them had undergone radiotherapy be-
fore. There were 17 males and 10 females with an average
age of 41 years. All patients gave informed consent.

A total of 34 surgical interventions were performed.
Symptom duration averaged 37 months (range 3 weeks to

19 years). The most common complaint was back pain
with paravertebral spasms (29/34, 85%), followed by sen-
sory (28/34, 82%), motor (26/34, 76%), and sphincter
complaints (4/34, 11%). Nocturnal pain occurred in 3
cases (8%). Preoperative signs are shown in table 2. Pre-
operative functional status was graded by the Cooper and
Epstein scale [3, 12] taking both sensory and motor deficits
into account (table 1).
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Table 1

Scale of the functional
status of upper and
lower extremities
[3,12].

Table 2

Preoperative signs
in 27 patients with
34 spinal surgeries.

Function of the upper extremities

Grade 0: Intact

Grade 1: Sensory symptoms only

Grade 2: Mild motor deficit with some functional impairment

Grade 3: Major functional impairment in at least one upper extremity but upper extremities useful for simple tasks

Grade 4: No movement or flicker of movement; no useful function

Function of lower extremities

Grade 0: Intact

Grade 1: Walks independently but not normally

Grade 2: Walks but needs cane or walker

Grade 3: Stands but cannot walk

Grade 4: Slight movement but cannot stand or walk

Grade 5: Paralysis

Clinical signs number Functional motor status was assessed in our outpa-
Sensory impairment n=30 (88%) tient clinic. At the same time patients were reevaluated ra-
e I T A N e e
Severe motor deficit n= 7 (20%) imaging protocol consisted of sagittal and axial spin-echo
Genitourinary dysfunction n= 4 (12%) (SE) T1-weighted (TR: 450-600 msec; TE: 15-20 msec)
Spinal ataxia hs 3 O%) and sagittal T2-weighted (Turbo-SE: TR: 3000-5000

Blind retrospective histological review of the tumour
specimens was completed by one neuropathologist using
the WHO classification system for central nervous system
tumours [13]. The lesions were grouped into glial, non-
glial and miscellanous tumours, as proposed by Jouvet [14].

msec; TE: 90-120 msec) images. Additionally enhanced
sagittal and axial T'1-weighted SE images were obtained
employing the same T'1 parameters. MR data were inter-
preted by one neuroradiologist who was blinded to the his-
tology, surgical therapy and level of the primary lesion. In
each patient the follow-up examinations were analysed be-
fore and independently of the preoperative scan and com-
pared subsequently.

Results

Histology and initial surgery

The results of the histological diagnosis at ini-
tial surgery are summarised in table 3. Glial origin
of the tumour was found in 70% (n = 19), non-glial
in 15% (n = 4) and miscellaneous in 15% (n =4) of
the cases. In 2 of the 27 patients tumours with ma-
lignant growth patterns were found (both were re-
currences of a glioblastoma multiforme of the tho-
racic spinal cord operated on previously in another
clinic). Five astrocytomas were located in the cer-
vical cord, two of them spreading into the medulla
oblongata. Ependymomas were equally distrib-
uted (2 each in the cervical, thoracic and conus
regions). Table 3 summarises the relationship
between the extent of resection and histology. At
initial surgery, cystic cavitation or syringomyelia
was seen in 52% and an intratumoral haematoma
in 19%.

Histology at reoperation

A total of 7 patients required reoperation (time
interval 1-65 months). Histological type or grade
did not change exceptin one case of secondary rapid
progressive malignant anaplastic ganglioglioma at
T12 ina 17-year-old girl (time interval 20 months).

Immediate postoperative functional outcome
and adjuvant therapy

There was no operative mortality in this series.
Pre- and immediate postoperative functional sta-
tuses following the 34 interventions (including 7
reoperations) are summarised in figure la and 1b.
The functional outcome of the arms improved in
one patient, remained stable in 31 cases and dete-
riorated in another 2. Sensorimotor function of the
lower extremities improved in 3 cases, did not
change in 24 patients and worsened in 7 patients
in the immediate postoperative phase, though 6 of
these patients described increased motor capacity
not clinically objectifiable.

Six patients with astrocytomas and one patient
with a malignant ganglioglioma received postop-
erative radiotherapy (38-56 Gy) without signs of
myelopathy at follow-up.

Long-term clinical follow-up

A total of 25 of the 27 patients were reinvesti-
gated, the mean follow-up period being 62 months
(3 months—14 years). Figure 2a and 2b is a synop-
sis of the long-term follow-up investigation. Long-
term conditions improved in 2 patients, although
another 2 patients described better motor function
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Table 3

Degree of tumour
resection in compar-

ison to histological
diagnosis at initial

surgery. The tumours

were classified using
the WHO classifica-

tion system for cen-

tral nervous system
tumours [13] and

grouped as proposed
by Jouvet [14].

number total ) partial. biopsy
resection resection

Tumour classification n=27 n =4 n = 10 n =13
Glial tumours 19
— Astrocytoma

e Fibrillary, WHO 2 10 3 7

e Glioblastoma multiforme, WHO 4 2 2
- Ependymoma

e Myxopapillary, WHO 1 2 1 1

e Classic, WHO 2 4 1 1 2

- Ganglioglioma, WHO 2

—_
—_

Non-glial tumours

- Lipoma

w |

- Haemangioblastoma

—_
—_

Pseudotumours

- Epidermoid

— Dermoid

— Cavernoma

Figure 1

Preoperative and
immediate postoper-
ative neurological
results following

34 spinal surgeries
of a) the upper and
b) the lower extremi-
ties. Results are
classified according
to the Cooper and
Epstein scale [3, 12].

mincrease n=1
25 7 @ stable n=31 [
O worse n=2

20 T

15 1

10 1

number of patients

0 4 . /. l_‘-
2 3

0 1
preoperative functional grade

M increase n=3
M stable n=24
O worse n=7

number of patients

0 1 2 3 4 5
preoperative functional grade

Figure 2

Preoperative and
long-term functional
status following

34 spinal surgeries
of a) the upper and
b) the lower extremi-
ties. Neurological
results are classified
according to the
Cooper and Epstein
scale [3, 12].

M increase n=3| |
@ stable n=24
71 Oworse n=7 [

number of patients

0 1 2 3 4 5
preoperative functional grade

which could not be confirmed during clinical ex-
amination. Sensorimotor function of the upper ex-
tremities remained stable in 21 patients and de-
creased in 2 cases, whereas neurological findings in
the lower extremities remained stable in 17 patients
and decreased in 6. In 4 of 7 ependymomas the

8 M increase n=2| |
m stable n=17
O worse n=8

number of pateints

[N

5

.

preoperative functional grade

0 1 2 3

long-term outcome was either stable or increased
motor function.

Six patients were pain-free at long-term follow-
up. Four patients complained of marked urinary
sphincter disturbance requiring catheterisation, while
a further 4 had dysuria including sexual dysfunction.
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Postoperative spinal kyphoscoliosis requiring stabili-
sation occurred in one patient following laminectomy
T'12 to L1 for resection of an astrocytoma.

Eight patients died during the follow-up pe-
riod within 5 years of IMT diagnosis. All 3 patients
with malignant IMT died within 2 years due to tu-
mour-induced pulmonary dysfunction (involve-
ment of the phrenic nerves, metastases into the
lungs). Two patients with low-grade IMT died
within 2 and 4 years of pulmonary dysfunction due
to tumour progression.

Figure 3

Grade Il ependymoma at the level of T10-T12.
a. Sagittal T2-weighted images (left, middle) and postcontrast T1-weighted images (right). The initial (left) and follow-up examina-
tions 3 years after biopsy (middle, right) demonstrate an inhomogeneous, partially cystic tumor with hyperintense signal on T2-
and iso-/ hypointense signal on T1-weighted images. Central areas of signal loss are characteristic of haemosiderin due to repeti-
tive haemorrhages. A progressive syrinx up to T6 can be detected on the follow-up examinations.

b. Sagittal T2-weighted images (left) and T1-weighted images (right) 4 years after complete tumour removal. A segmental spinal
cord atrophy on the level of T9-T11 with a cystic intramedullary cavity can be seen.

Radiological follow-up

Mean radiological follow-up by MRI of the 22
reinvestigated patients was 52 months (range:
6-132 months). In no case was there evidence of
intradural seeding. In cases with no residual tu-
mour the level of resection was observed as a re-
gion of segmental narrowing (figure 3).

In 15 clinically stable patients there was no in-
crease in tumour size or diameter of the spinal cord
at the level of the residual IMT. No tumour pro-
gression was noted in 9 reinvestigated low-grade

Figure 4

Grade Il astrocytoma
of the conus.

a. Preoperative sagittal
T2-weighted images
(left) and T1-weighted
images after contrast
application (right). T2-
weighted images are
capable of demonstrat-
ing the precise tumour
limits of this high-sig-
nal lesion. On the T1-
weighted images a
small enhancing nod-
ule within the lesion
can be detected (arrow-
head).

b. Sagittal T2-weight-
ed images (right) and
postcontrast T1-weight-
ed images (left) on
follow-up examina-
tions 2 years after
biopsy alone. There is
no tumour progres-
sion in this clinically
stable patient, the
enhancing nodule is
unchanged in size
(arrowhead).
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astrocytomas of which 4 had undergone previous
biopsy alone (figure 4). In 4 cases of tumour re-
currence the diameter of the spinal cord increased
segmentally, the craniocaudal extension was en-
larged and the intensity of contrast enhancement
was increased. Clinical deterioration was seen in all

4 recurrences. An accompanying syrinx was found
in 13 reinvestigated IM'T on MRIL In 2 cases a
newly developed cystic tumour component could
be seen. Oedema of the spinal cord was found only
in astrocytomas.

Discussion

We adopted a less aggressive approach to glial
intramedullary tumours than that proposed by
other authors [2, 5-7, 10-12, 15]. Although
aggressive surgical management is avoided in
many cases, the long-term results are good.

We noted a favourable long-term outcome in
low-grade astrocytomas even though none of them
was resected radically. On MRI there was no tu-
mour progression in the reinvestigated low-grade
astrocytomas. 'This observation favours less ag-
gressive tumour removal in cases of poor cleavage
and signs of benign histological behaviour. Having
reviewed his final long-term results, Cooper points
out that total tumour resection is unreliable and
tumour recurrence is common despite radical re-
section [3]. A recent report confirms our finding
that although microsurgical complete tumour re-
moval may achieve long-term tumour control, an
incompletely resected low-grade astrocytoma may
also be associated with improved postoperative
survival [9]. Other authors propose radical resec-
tion of these biologically unpredictable tumours
[15]. However, in a recent paper the former group
reports a better long-term outcome in subtotally
compared to radically resected low-grade astrocy-
tomas in young adults [2]. Postoperative radio-
therapy is suggested as an effective mode of ther-
apy [11]. In our opinion radiotherapy should be
used very restrictively in low-grade astrocytomas.
In agreement with the literature, we found no his-
tological “upgrading” of astrocytomas in cases of
second surgery [15]. It is not known why the
change in malignancy from low-grade to high-
grade glioma is not seen in spinal as in cerebral as-
trocytomas. The prognosis of malignant gliomas
remains dismal. There is no evidence-based stan-
dard for treating high-grade spinal gliomas 2, 3].

In our series, 4 of 6 patients with an ependy-
moma presented with a stable or enhanced func-
tional condition, even though in the majority only
partial tumour removal was achieved. Patients
complained primarily of back, interscapular or
radicular pain, followed by dysaesthesia and motor
weakness. None of our radiological follow-up in-
vestigations showed signs of tumour dissemination
along the spinal cord. The incidence of intradural
dissemination for primary spinal ependymomas is
reported to be 12.5% [16]. In our series postoper-
ative radiotherapy was employed only in cases with
evidence of increased mitotic activity, but proved to
be of no clear benefit. The role of radiotherapy in

spinal ependymomas remains less clear [1, 5, 8, 9].
Gangliogliomas occur typically in young patients
and usually present as slow-growing benign lesions
[17]. However, malignant transformation, as in our
case, is exceptional [18]. For cavernomas complete
removal is recommended after onset of the first, even
minor, symptoms, to avoid irreversible neurological
damage following further haemorrhage [19-21].

We do not recommend radical resection of in-
tramedullary lipomas, as their course is typically
slow and attempted total resection markedly in-
creases morbidity. However, they should regularly
be followed up postoperatively by MRI to detect
minor signs of morphological tumour recurrence
before precipitous decline sets in. In agreement
with another report, patients in our series with
lipoma had a long and indolent history with a ten-
dency to secondary rapid progressive decline [22].
In our series, patients with lipoma presented in their
forties and none had signs of spinal dysraphism.

Severe postoperative spinal deformity is an
important point to take into account in evaluating
functional results. Postlaminectomy kyphoscolio-
sis depends not only on the extent of laminectomy
but also on the tumour’s location in relation to the
innervation of the muscles attached to the spine.
Adjuvant radiotherapy favours the development of
postoperative spinal deformity [6]. Osteoplastic
laminotomy may forestall the development of
progessive spinal deformity. If spinal instability is
suspected, one-step spinal stabilisation is recom-
mended. Although the effects of surgical dural de-
compression alone may initially improve tumour-
related results after partial resection or biopsy, this
cannot explain favourable long-term results of a
less aggressive approach.

Postoperative dysaesthesia and pain is a well
known phenomenon and is often difficult to man-
age [6]. Postoperative hyperaesthesia and allody-
nia may be caused by disturbances of the dorsal
columns, as tumour removal is usually performed
by midline spreading and retraction of the poste-
rior columns. Postoperative position-sense distur-
bance causing gait disturbance is usually transient
and improves within 3 months [6].

We are fully aware that we approach the con-
troversial questions surrounding the extent of
resection of intramedullary gliomas in a much
more conservative way than other authors [2, 5-7,
10-12, 15]. Aggressive resection reduces the risk
of local tumour recurrence but involves a danger
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of major postoperative neurological impairment.
A disadvantage of our policy is that in the event
of tumour progression the secondary, and then
usually more aggressive, tumour resection is com-
plicated by scar tissue of the first surgical inter-
vention, whereas aggressive initial tumour resec-
tion does not face scar tissue-related problems.
Advances in microsurgical techniques such as the
ultrasound aspirator, laser, intraoperative ultra-
sound, and intraoperative neurophysiological
monitoring facilitate radical tumour resection
and obviate adjuvant treatment for low-grade
IMT. Despite all these technological improve-
ments our aim was to achieve resection of the tu-
mour mass without the risk of neurological im-
pairment, even when this implies partial resection
or only biopsy.

In conclusion, we propose that in cases which
are radiologically suspect for low-grade astrocy-
toma, histological diagnosis should be performed
by biopsy or, if achievable, by partial tumour re-
section. In these cases the risk of major postoper-
ative neurological deficits which may be associated
with radical tumour resection should be avoided.

In view of the slow-growing behaviour of these tu-
mours, patients can be followed clinically and ra-
diologically semi-annually and, after 5 years, an-
nually. In the event of tumour progression a fur-
ther resection can then be performed. While
ependymomas are reportedly amenable to com-
plete removal, due to their growth behaviour with
a distinct tumour border compared with astrocy-
tomas, in our series this was achieved only in 1/6.
Cavernomas should be radically resected, whereas
radical resection of lipomas may markedly increase
postoperative morbidity.

Acknowledgment: The authors thank Alexandra Palatini
and Daniel Sigg, MD for reviewing this manuscript.

Correspondence:

Oliver Hausmann, M.D.
Neurochirurgische Universititsklinik
Kantonsspital Basel

Spitalstrasse 21

CH-4031 Basel

e-mail: o.bausmann@gmx.ch

References

—

Cervoni L, Celli P, Fortuna A, Cantore G. Recurrence of spinal
ependymoma. Risk factors and long-term survival. Spine
1994;19:2838-41.

Constantini S, Miller DC, Allans JC, Rorke LB, Fred D, Ep-
stein FJ. Radical excision of intramedullary spinal cord tumors:
surgical morbidity and long-term follow-up evaluation in 164
children and young adults. ] Neurosurg (Spine 2) 2000;93:
183-93.

Cooper PR. Outcome after operative treatment of in-
tramedullary spinal cord tumors in adults: Intermediate and
long-term results in 51 patients. Neurosurgery 1989;25:855-9.
4 Cristante L, Herrmann HD. Surgical management of in-
tramedullary spinal cord tumors: functional outcome and
sources of morbidity. Neurosurgery 1994;35:69-76.

Ferrante L, Mastronardi L, Celli P, Lunardi P, Acqui M For-
tuna A. Intramedullary spinal cord ependymomas — a study of
45 cases with long-term follow-up. Acta Neurochir (Wien)
1992;119:74-80.

6 Fischer G, Brotchi J: Intramedullary spinal cord tumors.
Stuttgart, New York: Thieme; 1996.

Kane PJ, El-Mahdy W, Singh A, Powell MP, Crockard HA.
Spinal intradural tumours: Part II — intramedullary. Br ] Neu-
rosurg 1999;13:558-63.

Lee T'T, Gromelsky EB, Green BA. Surgical treatment of spinal
ependymoma and post-operative radiotherapy. Acta Neurochir
(Wien) 1998;140:309-13.

9 Nishio S, Moriokka T, Fujii K, Inamura T, Fukui M. Spinal cord
gliomas: management and outcome with reference to adjuvant
therapy. J Clin Neurosci 2000;7:20-3.

10 Ohata K, Takami T, Gotou T, El-Bahy K, Morino M, Maeda
M, Inoue Y, Hakuba A. Surgical outcome of intramedullary
spinal cord ependymoma Acta Neurochir (Wien) 1999;141:
341-7.

™~

[o%)

w

~

o]

11 Sandler HM, Papadopoulos SM, Thornton AF, Ross DA. Spinal
cord astrocytomas: Results of therapy. Neurosurgery 1992;30:
490-3.

12 Cooper PR, Epstein F. Radical resection of intramedullary tu-
mors in adults. Recent experience in 29 patients. ] Neurosurg
1985;63:492-9.

13 Kleihues P, Burger PL, Scheithauer BW. Histological typing of
tumors of the central nervous system. Berlin: Springer; 1993.

14 Jouvet A, Salmon I, Tommasi M, Saint-Pierre G, Rousselet MC.
Neuropathology. In: Fischer G, Brotchi J, eds. Intramedullary
spinal cord tumors. Stuttgart, New York: Thieme; 1996. p. 21-3.

15 Epstein FJ, Farmer JP, Freed D. Adult intramedullary astrocy-
tomas of the spinal cord. ] Neurosurg 1992;77:355-9.

16 Rezai A, Woo HH, Lee M, Cohen H, Zagzag D, Epstein FJ.Dis-
seminated ependymomas of the central nervous system. ] Neu-
rosurg 1996;85:618-24.

17 Park CK, Chung CK, Choe GY, Wang KC, Cho BK, Kim H]J.
Intramedullary spinal cord ganglioma: a report of five cases.
Acta Neurochir (Wien) 2000;142:547-52.

18 Hamburger C, Biittner A, Weis S. Ganglioglioma of the spinal
cord: Report of two rare cases and review of the literature. Neu-
rosurgery 1997;41:1410-6.

19 AnsonJA, Spetzler RF. Surgical resection of intramedullary spinal
cord cavernous malformations. ] Neurosurg 1993;78:446-51.

20 Bhangoo RS, Crockard HA. Cavernous angiomas of the brain

stem and spinal cord. J Clin Neurosci 1998;5(Suppl 1):20-5.

Vishteh AG, Sankhla S, Anson JA, Zamramski JM, Spetzler RF.

Surgical resection of intramedullary spinal cord cavernous mal-

formations: Delayed complications, long-term outcomes, and

association with cryptic venous malformations. Neurosurgery
1997;41:1094-101.

22 Lee M, Rezai A, Abbott R, Coelho D, Epstein FJ. Intra-
medullary spinal cord lipomas. ] Neurosurg 1995;82: 394-400.

2

—



Swiss
Medical Weekly

The many reasons why you should
choose SMW to publish your research

Official journal of

the Swiss Society of Infectious disease
the Swiss Society of Internal Medicine
the Swiss Respiratory Society

What Swiss Medical Weekly has to offer:

*  SMW’ impact factor has been steadily
rising, to the current 1.537

*  Open access to the publication via
the Internet, therefore wide audience
and impact

* Rapid listing in Medline

¢ LinkOut-button from PubMed
with link to the full text
website http://www.smw.ch (direct link
from each SMW record in PubMed)

* No-nonsense submission — you submit
a single copy of your manuscript by
e-mail attachment

* Peer review based on a broad spectrum
of international academic referees

* Assistance of our professional statistician
for every article with statistical analyses

* Fast peer review, by e-mail exchange with
the referees

*  Prompt decisions based on weekly confer-
ences of the Editorial Board

* Prompt notification on the status of your
manuscript by e-mail

* Professional English copy editing

* No page charges and attractive colour
offprints at no extra cost

Impact factor Swiss Medical Weekly

2 -
1.8
8 1.537
1.6
1.4
1.24 1.162
1 -
0.8 0.770
0.6
0.4
0. 2 | ‘777/7//7’ - o ‘7 - 7‘”’”””"
0 [fe} © ~ [ee] o o N (32} <
[} o [} [} [} o o o o
o o [} [} [} o o o o
— — — — — o~ o~ o~ o~

—&— Schweiz Med Wochenschr (1871-2000)

—#— Swiss Med Wkly (continues Schweiz Med Wochenschr from 2001)

Editorial Board

Prof. Jean-Michel Dayer, Geneva

Prof. Peter Gehr, Berne

Prof. André P. Perruchoud, Basel

Prof. Andreas Schaffner, Zurich
(Editor in chief)

Prof. Werner Straub, Berne

Prof. Ludwig von Segesser, Lausanne

International Advisory Committee
Prof. K. E. Juhani Airaksinen, Turku, Finland
Prof. Anthony Bayes de Luna, Barcelona, Spain
Prof. Hubert E. Blum, Freiburg, Germany
Prof. Walter E. Haefeli, Heidelberg, Germany
Prof. Nino Kuenzli, Los Angeles, USA
Prof. René Lutter, Amsterdam,

The Netherlands
Prof. Claude Martin, Marseille, France
Prof. Josef Patsch, Innsbruck, Austria
Prof. Luigi Tavazzi, Pavia, Italy

We evaluate manuscripts of broad clinical
interest from all specialities, including experi-
mental medicine and clinical investigation.

We look forward to receiving your paper!

Guidelines for authors:
http://www.smw.ch/set_authors.html

=
EMH ‘-

Editores Medicorum Helveticorum

FMH
SCHWABE

Al manuscripts should be sent in electronic form, to:

EMH Swiss Medical Publishers Ltd.
SMW Editorial Secretariat
Farnsburgerstrasse 8

CH-4132 Muttenz

Manuscripts: submission@smw.ch
Letters to the editor:  letters@smw.ch
Editorial Board: red@smw.ch
Internet: http://www.smw.ch




