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SURGICAL TREATMENT OF METASTATIC TUMORS OF THE SPINE

Kao-Wha Chang,

spinal tumors were treated

Fourteen patients who had metastati
palliatively with dircet decompression by removal of the tumor and
instantaneous rigid vertebral reconstruction by anterior polymethyl-
methyacrylate (PMMA) with anteri
patients presented with severe unremitting pain,and § had neurologic
deficits, including 4 who were unable to ambulate. Radiation therapy
(RT) was used as an additional treatment and routinely begun 2 weeks
postoperatively, except four cases that has already been subjected to
jon. Al patients survived the surgery, and none had

F or posterior instrumentation. 12

maximum irrad
neurologic deterioration immediately postoperatively. Four patients had
died at the time of review. The mean survival was 10.5 months and ran-
&ed from 6 to 18 months. Of the surviving patients, follow-up ranged
from 6 to 29 months with an average follow-up of 13.6 months. Complete
o partial pain relief was achieved in all but one patients (92%). Neur-
ological recovery oceurred to some extent in all patients with neurologic
deficit, and only one remained nonambulators. Complications were
minor in 2 patients (14%) and major in 2 (14%). Tumor recurrence with
deterioration occurred in two patients. T am very encouraged

neurolo
by these results, and I recommend that patients with metastatic tumors
of the vertebral body with neurologie deficit or severe unremitting pain
be studied with plain radiography, myelography and CT. The patients
with gross vertebral destruetion, eollapse of the vertebral body and pro-
major neurologic

ressive pain due to mechanical causes, or those
deficit ean't be effectively treated by RT , can be treated palliatively by
direct decompression and immediate vertebral reconstruction.

Key words: Metastatic tumors, decompression, stabilization.
(J Orth Surg ORC 7:253-265, 1990)

The purpose of surgical treatments for  There have been many disappointing neur.

spinal metastasis is palliative to relieve  ologic results after performing a

newrologic deficits and intractable pain.  laminectomy for metastatic spinal
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tumors.“*Anterior surgery, however, in
which the tumor can be removed for direct
decompression of the neural elements, ac-
companied by anterior reconstruction with
bone graft, internal fixation, and/or
polymethylmethacrylate (PMMA) has
recently been used with successful res-
e,

I herein report my experience in 14
patients with metastatic tumors of verte-
brae treated via direct decompression and
immediate vertebral reconstruction.

MATERIALS AND METHODS

14 patients with metastatic spinal
tumors surgically treated at the Division of
Orthopaedic Surgery of 803 AGH
betsween 1986 and 1989 are reviewed. The
patients in the present study consist of 7
men and 7 women, ranging in age from 35
(067 years. (Table 1)

‘The metastatic tumors were from pri
mary lesions of the breast in four, the lung
in 3 patients, the stomach in one, the kidney
in one, the prostate in one, the cervix in
one, adeno-carcinoma of unknown primary.
origin i three

‘The distribution of affected vertebral
fevel of the 14 patients is as follows: 3 in the.
cervical spine, 3 in the thoracic spine 8 in
the lumbar spine (1 of them had double
levels).

Neurologic function of the patients
was assessed as follows by using the classi
fication by Frankel et al"

1)Grade A Complete lesion—nil

YGrade BSome sensation present.—
One patient.

3Grade C.Some motor power prese
but of no practical use—3 patients.

Grade D Mator useful. Sufficient for

walking with or without aids—4 patients

SGrade ENo neurologic symptoms,
but abnormal reflexes present—6 patients.

Pain was assessed on a &-point scale as
follows: 0=no pain, 1=minimal or occa
sional pain not requiring medication, 2
mild pain controlled with nonnarcotic anal
gesics, 3=moderate pain controlled with,
occasional narcotic analgesics,and 4=
severe constant pain requiring regular nar-
cotic analgesics. 2 patients presented with
grade 3 pain, and 12 presented with grade 4
pain (average=35)

Patients in this series all had plain
spine radiographs, bone scan, myelogram,
and CT scan preoperatively. Pathologic
fractures are best evaluated by plain films
and CT scan. The amount of collapse, and
bone retropulsion cold be assessed. A bone
scan was used to detect additional spinal
lesions, and myelography of the entire spine
was performed to determine which spinal
lesion was causing canal compromise.

Indications for the surgical treatment
of metastatic spinal lesions were:

1) The general condition of the patient
was favorable to withstand surgery.

2) Relapse occurs after radiotherapy
‘and further radiation can't be administercd;

3) There is neural deterioration during
radiotherapy;

4) Pathologic fracture or spinal
deformity resulting from the tamor causes
neurologic symptoms or intratable mechan.
ical pain.

Those metastatic lesions without frac-

ture or canal encroachment were treated
primarily by RT and chemotherapy. RT
was routinely used in addition to surgery
and begun 2 weeks postoperatively except
in cases that had already been subjected to
maximum ircadiation. Four patients had
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receved maxiimun irradiation prior to sur-
ey for adenocarcinoma, stomach car.
cinoma, breast carcinoma and cervix car.
cinoma (cases 2, 4, 8and 14). All presented
With marked neurologic worsening and in-
tractable pain.

Surgical treatment: The selection of
anterior or posterior decompression de-
‘pended on the location of tumor invasion in
the vertebra. If the location of tumor inva.
sion was vertebral body, anterior decom:

pression was selected. On the other hand, if
the location of tumor invasion was poste.
ior elements, posterior decompression was,
selected.  Simultaneous  vertebral
struction by anterior PMMA and spinal
instrumentation was performed in all of the
14 surgical cases

Cervical region: All 3 patients (cases 5.
9, and 12) had both anterior and posterior
procedures. The 3 anterior procedures con-
sisted of vertebrectomy and substitution
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Fig. 1 Method of decompression and sabilzation of metastatic tumors incervical regi

(AJA52-ear-old male case 12) ith known metsstaic carcinoma of the lung at C 7 presented wit

marked nuchal pain
(B e was 1

A via anterior approach €7 corpectormy and subsicution with PMMA cement

einfored with Steinerann pin an followed by posterior interspinous wiing and fusion. He was.

pain ree postoperatively

with PMMA cement reinforced with Stein
mann pin. The pins were introduced into
the healthy vertebral bodies above and
below the areas of tumor excision and
incorporated into the methylmethacrylate
to prevent dislodgement of the surgical con
struet (Fig. 1

The posterior stabilization procedures
consisted of spinous process wiring and
fusion. No postoperative immobilization
was used. The reason for the combined
anterior and posterior approach was
because of extensive anterior tumor inva
sion and supplementary posterior fusion
was considered necessary for adequate

rigidity of the construct

Thoracic and Lumbar Region: Overall
there were 11 patients with tumors involv.
ing the thoracic or lumbar spine. 10 under
went anterior procedures while 1 had poste-
rior procedure. The procedures depended
on the location of tumor invasion, The sur
ical approach of anterior procedure used
was a thoracotomy in 2 (cases 16), a com.
bined thoracotomy retroperitioneal dis
tion with division of the diap
case 3), and a retroperitioneal approach in
7. These approaches allow  wide anteriar

s in 1

exposure of the vertebral bodies to be
resected, permitting a safe decompression
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of the dura. The surgical technique includ-
ed resection of the involved body, decom.
pression of the dura,attempted reduction of
any kyphotic deformity utilizing an anter-
iorly placed Reduction-Fixation instrumen:
tation (RF) system™*'#, and immediate
stabilization with PMMA (Fig.2,3)

The only posterior procedures was
selected for the case 13.(Fig. 4) The loca
tion of metastatic prostate tumor was lim.
ited to the posterior column and middle col-
umn which could be adequately decompres.
sed posteriorly and immediate vertebral re-
construction was by PMMA and posterior

Fi 2 Method of decompression and stabilizet
of metastatic tumar in thoracic and lnbar
region.

A and B) A S6-year-old man (case 13
With metastatie prostate carcinom 1t
L4 presented with mariced low back
pain and paraparesis with neurglogical
rade  below 1.1 Preoperative plain
Fadiographys showed pathologic fac
wrea Ly

€) Prooperative CT Scan showed the loca
tion of tumor fovasion was left ante
lor lateral side of 14 vertcbral body

(DE) He was treated by L3 verie
brectomy, substtation. with PIA
cement and Reduction'Fixation instr
mentation from 1.3 to L3, He was
pain-free. postoperatively and had
Peurological recovery to grade
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8 61-vear-old female with metastatic adesocarcinoma at 1 and L 4 levels, presented with

¥ 3 Case,
markedly worsening low back piin and seurologic paraparesis below L 1 after maximum radiation
iheray
(At B) Preoperative anteropasterio and Isteral radiographys shrwed tamor invasion at L1 and.
L4 levels.
) Preoperative myelographys showed complete black at L 1 and . 4 levels

D a0 ) He wastroated with 1 and L 4 vertebrectomy, subsitation with PMMA cement and RF
instrumentation from T 12 to 15 He was pain free postperatively, neurologic function im

Droved 1o rade. and was able to walk with s cane prior t0 umor recurrence at 4 monthe pos
toperatively
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Flie: 4 Case 14, & 43 year old female, with metastatic cervix CA at L4, presented v

pain and grade  newrologic deficl

{A'B) Preoperative radiographs anteriorposterior and ateral racliographs showed abscence of pedi
s

(C)presperative CT Scan showed the ocation of tumor invasion was posterior compartment

{B) He was treated with laminectomy, posterior resction of tumor in the middle column of 1.4
substitation with PMMA and posterior RF instrumentation from L o L5, She had i
pain postoperasivels and improvee her neurologic Tuction Lo gra

s sovere lvwer bacle
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RF construct.

1T did not feel that postoperative im-
mobilization was necessary when PMMA
anterior stabilization combined with ante-
rior or posterior RF spinal instrumentation
was used.

RESULTS

No patient worsened neurologically
following tumor resection and. stabiliza:
tion. All six patients who were neur.
ologically normal preoperatively remained
o,and the 4 who had the grade 4 neurologic
degicit all recovered fully. Of the remaining
four patients who had preoperative neur.
ologic deficit ranging from grade 2., three
regained the ability to ambulate indepen-
dently (grade 4.5), and one remains unable
to ambulate: (Table 1)

Pain relief was dramatic. 8 patients
were pain-ree following their recovery
from surgery. 2 patients had minimal pain
grade 1), 3 patients required nonnarcotic
analgesics (grae 2), and | patient required
continuing narcotic pain medication (grade
4). The average pin score improved from
381008

Complications occurred i four
patients. Tuwo wound dehiscences and infec-
tions occurred (case 4and 8). Both required
repeated debridement and wound care and
extended hospitalization, but they were am-
bulatory upon discharged 37 and 42 days
later. There were two urinary tract compli-
cation that were minor, including one uri-
nary tract infections and one case of uri
nary retention requiring # catheter for 7
days. There were no significant respiratory
complications secondary to tharacotomy of
diaphragmatic division. There were no
instances of dislodgement or failure of the

surgical construct either anteriorly or pos-
teriorly

Final follow-up ranged from 6 to 2
months, and the average was 12.7 months.
Four patients in this series had died-all
from disseminated metastatic disease. The
mean survival of these four was 105
months, ranging from 6 to 18 months.

Two patients had deterioration neur.
ologically due to tumor progression at the
operated level. The first patient (case 2)
had originally undergone anterior resection
of a adenocarcinoma at L1, Li and fixation
using PMMA and anterior instrumentation
with RF system from TI2 to L5, He was
ambulatory with pain free for 4 months
postoperatively. He then developed neur-
oloic deterioration and reoperation was
found to have extensive tumor invasion at
the adiacent vertebral levels. He became
and remained paraplegic and died from his
disease 2 months later

“The second patient (case 5) had under
gone a left retroperitoneal resection of a L2
metastatic breast carcinoma and fixation
with PMMA and anterior instrumentation
from L1 to L3 with RF system. She made
an excellent recovery and was ambulatory
‘and pain free for 14 months. She then devel-
oped a recurrence of her tumor with advan:
cing L2 paraparesis and died from compli-

cations.
DISCUSSION

The goals of surgical treatment for spi
nal metastases should be palliative to pre-
vent or reverse neurologic deficits or to
reduce or climinate pain.

Neurologic complications are induced
not anly by the tumor itself, but by path
aloic fracture and instabiliy of the spine.
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Radiotherapy and chemotherapy are useful
ta redhuce the tamor mass. As pointed out
by DeWald et &I, however, the spinal in-
stabiliy and collapse cannot be improved
by radiotherapy and chemotherapy alone;
therefore, neurologic deficit and intrac-
table pain due to these mechanical causes,
surgical stabilization of the involved region
are necessary after removal of the tumor
mase.

The fact that decompression is tradi
tionally most often done posteriorly by
faminectomy limits the surgeon’s capability
to remove tumors other than those located
in the posterior compartment. Hall and
MacKay * studied the outcome of
laminectomy in relation to the location of
the tumor in the spinal canal. They report-
ed that 35 to 39 per cent of the patients with
 tumor in the posterior or lateral compart
ment were improved, as compared with
only 9 per cent when the tumor was situ-
ated anteriorly.

“The neurologic improvement of this
series s superior 1o the results obtained by
radiation therapy alone or by radiation
therapy combined with laminectomy *** 1

bute the neural improvement after ver-
al body resection to the correctly dir-

1 and efficient decompression of the

tially of the over-all good results.
ination of spinal instability s an

me surgeons advocate the wse of an

¢ interbody graft of corticacancel-
jone, keyed into the adjacent vertebral
- and stabilized by external im-

until

rationale for this technique is that once
incorporation of the graft is complete,
there need no further concern about spinal
instability. However, in patients who are
chronically debilitated and face a limited
life expectancy, the requirement for exter
nal immabilization for more than ten
weeks postoperatively is a major drasback
of the technique. In addition, in patients
who have received or will receive local irra-
diation within three or four months ater
aperation, the likelihood of a bone graft
beconting incorporated at any point s
markedly reduced =2+,

In an effort to achieve instantancous
inteenal stabiliy that is not dependent on
incorporation of a graft and does not
require external immobilization, many sur
reons have begun using PMMA to create
an arificial vertebral construct, Simple re-
construction of the vertebral body using
this acrylic cement alone can be effective in
preventing a recurrence of a kyphotic
deformity because, once polymerized, the
cement has excellent resistance to com-
pressive loads. There are many means of
affixing the cement mass to the adiacent
intact vertebral bodies. Attempts to secure
the acrylic cement by a screvw or wire rare-
Iy are cffective, because the cemen s bric
tle and the screw will break out with
repeated stresses, The use of anterior
semitubular plates or intravertebral treat
ed pins, Knodt distraction rods and hooks,
and Harrington rods and spinal hooks, to
augment cement stabilization has been
advocated 42,

MeAFee el al* concluded that, when-
ever PMMA is used for spinal sabilization,
it should be augmented with grafts of iliac
bone to provide long-term stability. If life
expentency is thought 1o be relative short,
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or radiotherapy is thought to be necessary
after surgery, a methylmethacrylate should
be used for vertebral body replacement and
combined with anterior  instrumentation,
and it appears that if rigid fixation of the
metal implant to the adiacent vertebral
bodies can be achieved prior 1o the inser-
tion of the cement, the method can be su
cessful. Under these circumstances, the role
of the methylmethacrylate is to increase
the surface area of fixation between the
implant and the bone. The RF system can
provide a very rigid fixation to the adjacent
vertebral body by screws and the results
prove this method successful.

‘Wound infections and wound dehiscer
ces occurred in two patients in this series.
Both cases had received prior RT. [ believe
there are several reasons to consider sur-
gery prior to RT in selected patients. The
morbidity in this series, and in a compa.
rable study of decompressive laminectomy,
were related to prior treatment”. Of the 10
patients who underwent surgery de novo,
o mortality and minimal morbidity were
encountered. In contrast, all wound dehis-
cences, and superinfections occurred in
those patients who had received prior RT.
These findings should not be surprising.
Patients who relapse shortly after RT or
who deteriorate while receiving RT have
frequently been on high-dose steroid ther
apy for prolonged periods. A recent report
by Martenson, et al, concluded that the
use of high-dose steroid therapy for periods
exceeding 40 days was respansible for con-
siderable morbidity in six (67%) of nine
patients with spinal cord compression
cither from sepsis or gastrointestinal hem-

orrhage. Cancer patients who receive RT
ot infrequently also develop neutropenia
secondary to depression of their bone mar-

row; during this period, they are more sus-
ceptible to superinfection. The poor perfor-
‘mance status and more advanced cancer in
those who had successful initial RT may
further contribute to surgical morbidity.
Levy, et al.®, have also suggested that am-
bulatory patients with epidural cord com:
pression who undergo initial surgery main-
tain their ambulatory status over longer
periods of time compared to those who had
veceived prior RT. Their observation sug-
gest that local RT plays an important role
in preventing tumor recurrence, but may be
more effective postoperative, As my pre-
liminary results were encouragingl8, so
currently, I have added two more surgical
indications for metastatic spinal tumors,

Tumors that are predictably resistant to
radiotherapy and cause impending path.
ologic fractures shall be consider surgery
prior 10 RT.

In summary, this series of 14 consecu-
tive patients treated for metastatic verte-
bral tumors by direct decompression and
immediate rigid vertebral reconstruction is
indicative of the progress made over the
past 20 years and this method may provide
nearologically and mechanically satisfac-
tory results,
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