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Abstract
Background Radical surgery of renal cell carcinoma spinal
metastases carries a high risk due to potentially life-
threatening extreme blood loss. Radical preoperative
embolization of renal cell carcinoma metastases alone is
not necessarily a guarantee of extreme blood loss not
occurring during operation.
Methods A retrospective analysis of 15 patients following
radical surgery for a spinal metastases of a renal cell
carcinoma was performed. Eight patients were embolized
preoperatively and 7 were not. We analysed features
influencing peroperative blood loss: size and extent of
tumour, complexity of surgical approaches and radicality of
embolization.
Results The embolized and non embolized groups were not
comparable before treatment. They differed markedly in
size of tumour as well as the complexity of approach. In the
embolized group the size of the tumour was, on average,

twice as large as that in non embolized patients and more
complex approaches were used twice as frequently. Despite
findings suggesting that embolization was effective, blood
loss was greater in the embolized group of 8 patients
(4750 ml), compared to the non-embolized group of 7
patients (1786 ml).
Conclusion Metastasis size, extent of tumour, technical
complexity of surgery and the completeness of preoperative
embolization had an important effect on the amount of
peroperative blood loss. The evaluation of the benefits of
preoperative embolization only on the basis of blood loss is
not an adequate method.
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Introduction

Chemotherapy and hormonal therapy of metastases from a
renal cell carcinoma is not very effective and radio-resistant
limits benefit also [9, 15]. Radical surgery is being used
increasingly in the management of patients with spinal
metastases of renal cell carcinoma because they increasingly
present without signs of spinal cord compression [9, 12].
However a limitation in radical surgical treatment is the
extreme vascularisation of may of these metastases (65–
75%), involving the risk of extensive intraoperative blood
loss and increased morbidity and mortality [1, 3, 5, 7–10,
15, 18]. Most authors agree that preoperative embolization
significantly decreases peroperative blood loss, it makes
surgery easier, facilitates radical removal and improves
surgical results [1, 3, 5–7, 9-11, 14, 15]. The reported
benefit of preoperative embolization on blood loss reduction
led us to expand the use of radical surgery in patients with
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large metastases from a renal cell carcinoma. However, we
found that preoperative embolization did not preclude the
possibility of extreme peroperative blood loss. The aim of
this paper is to analyse the various factors which determine
the amount of blood loss during radical surgery of a renal
cell carcinoma metastases and to evaluate the effect of
preoperative embolization and its limitations.

Patients and methods

We identified 15 patients by careful selection from 107
patients with a spinal metastasis treated by operation. The
criteria were that the diagnosis of a renal cell carcinoma was
confirmed and that a radical operation had been done. The
majority of operations were performed by an experienced
team of two spinal neurosurgeons. Radical surgery consisted
of the macroscopic removal of metastases, subsequent
reconstruction and stabilisation of spinal structures.

We identified 15 patients, 11 men and 4 women treated
between 1997 and 2006, ranging in age from 43 to 76 years
(mean age at the time of surgery 55 years). The metastases
were in the cervical spine area in 3 patients, thoracic spine in
8, lumbar in 3 and sacral in one. The patient’s life expectancy
before surgery (evaluated according to the Tokuhashi scale)
was less than 3 months in 2 patients (0 – 5 points), in 5
patients less than 12 months (6 – 8 points) and in 8 patients
greater than 12 months (9 – 12 points) [17]. The extent of
metastatic spinal involvement was evaluated according to
the Tomita scale [16]. Multiple spinal metastases (Tomita
type 7) were seen in 2 patients and a solitary metastasis in
13 patients. The neurological deficit was evaluated accord-
ing to the Frankel scale [4]. Two patients were confined
(Frankel A-C) and 2 patients with slight paraparesis were
able to walk (Frankel D). In 11 patients the neurological
findings were normal (Frankel E) before surgery (Table 1).

Preoperative embolization was performed in patients for
whom radical surgery was planned. This was done when
the primary source of spinal metastases was a renal cell
carcinoma, the extent of metastasis was assessed as Tomita
type 6 (metastases involving 2 – 3 vertebrae) and/or radical
extirpation via anterior or combined approaches was
planned. Embolization was carried out within 48 hours
before surgery [5–7, 9, 11]. Metastases were embolized
with microparticles 350–500 μm and 500–700 μm in size.
Microparticles were occasionally combined with a tissue
adhesive. If the extent of reduction in arterial flow of to the
metastases on angiography was greater than 90%, emboli-
zation was considered to be radical; if the reduction was
lower than 90% it was graded as partial.

Information was extracted retrospectively on the evi-
dence of a renal cell carcinoma primary, the size and
surgical extent of the metastases process, the complexity of
the surgical procedure (anterior or combined anterior/

posterior approaches), estimated peroperative blood loss,
the number of blood units used, other peroperative
solutions and postoperative decrease in hemoglobulin.
Peroperative complications and postoperative neurological
status were also noted. The influence of preoperative
embolization on survival after surgery was analysed using
the Kaplan-Meier empirical curve.

Results

Differences between embolized and non embolized groups
of patients

Preoperative embolization was performed in eight of the
fifteen patients. There were two main reasons why
preoperative embolization was not performed in the other
seven. First, the primary source of metastasis was not
known before surgery; second, a smaller surgical extent of
metastasis.

Embolized and non embolized groups differed markedly
in many aspects. The primary diagnosis was known before
operation in all 8 patients embolised, whereas in the
primary had been identified only in 4 out of the other 7
patients before surgery. In 6 of the patients embolized,

Table 1 Features of 15 spinal metastases from patients with a renal
cell carcinoma

Pre operative
embolization

No embolized
before operation

Total 8 7
Spinal location
Cervical 1 2
Thoracic 5 3
Lumbar 1 2
Sacral 1 -
Tokuhashi score
0–5 1 1
6–8 3 2
9–12 4 4
Frenkel Grade
A-C 1 1
D 1 1
E 6 5
Pre operative diagnoses
Yes 8 4
No 6 3
Average size of metastases cm3 92±70 50±28
Tomita Scale
1–3 0 0
4–5 1 6
6 6 0
7 1 1
Complex operation 6 3
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metastases involved 2 – 3 vertebrae (Tomita type 6), in
contrast in patients not-embolized metastases involved only
1 vertebra (Tomita type 4 and 5). In the embolized group,
the size of the tumour was on average twice as large in
patients who were embolized compared to those not. (92 vs
50 cm3). More complex, i.e. anterior or combined
approaches were used twice as frequently in embolized
patients as those not embolized (6 vs 3 patients) (Table 1).
Apart from this the embolized and non-embolized groups of
patients differed only minimally in respect of age, sex, pre-
operation life expectancy (Tokuhashi score) and preopera-
tive neurological deficit (Frankel; score).

Limitations of the embolization procedure

In eight patients, spinal angiography proved metastases
were predominantly supplied by 3 or 4 main arterial sources.
Radical embolization to stop arterial flow was successful in 4
out of 8 patients. Partial embolization was achieved in the
remaining 4. Complete embolization was not possible because
of common blood supply to metastases from a. spinalis ant. in
2 patients, a positive amylobarbitone test with transient
paresis of lower extremities, and multiple blood supply of
metastases via minor branches from a vertebral artery).
Patients neither neurologically deteriorated nor improved
after embolization.

Blood loss during surgery

In patients treated by embolisation, postembolization
angiography showed a marked reduction in blood flow to
the metastasis and there was evidence at operation of
multiple ischaemic lesions in the metastases. Nevertheless,
in the eight embolized patients the average blood loss was
4750±2268 ml and 8.1±3.4 were units of transfused blood
together with 5750±1982 ml of substitute solutions. The
haemoglobin decrease after surgery was on average 56±
28 g/l (Table 2). In the seven patients which did not receive
preoperative embolization, the average blood loss during
surgery was 1786±765 ml. This blood loss was replaced
with an average of 4.0±3.7 transfusion blood units together
with 3186±2106 ml of substitute solutions. The haemoglobin
decrease after surgery was, on average, 31±16 g/l (Table 2).

Complications of operation and clinical outcome

One embolized patient died as a consequence of haemor-
rhagic shock, blood loss in total of 7000 ml occurred during
this operation and adequate volume resuscitation was not
achieved. The decision to perform radical transthoracic
surgery of an extensive metastasis (6×6×5 cm) was
influenced by the radiologist’s evaluation that angiography
after embolization showed complete occlusion of blood
flow in the metastasis. Surgery was complicated by sudden
extreme blood loss in two patients who were not embolized.
In one patient, the source of metastasis had not been known
before surgery.

None of the embolized patients improved, nor did any
deteriorate. One patient who had not been embolized
improved after operation. No patients in this group
deteriorated clinically. The Kaplan-Meier survival curve
(Fig. 1) did not differ between the embolized and non-
embolized groups.

The effect of completeness of embolization and size
on tumour on blood loss

In four radically embolized patients (blood flow reduction
greater than 90%), the average peroperative blood loss was
5380±3150 ml. In four partially embolized patients (blood
flow reduction less than 90%), the average peroperative

Table 2 Indices of blood loss during operation for a metastatic renal cell carcinoma

Embolized(n=8) Non-embolized(n=7)

Blood loss (ml) 4750±2268 1785±756
Transfusion (units) 8,1±3,4 4,0±3,7
Crystalloid (ml) 5427±1982 3186±2106
Difference between pre and postoperative haemoglobin (g/l) 56±28 31±16

BL – preoperative blood loss, BT – peroperative substitution with transfusion blood units, SC – peroperative substitution with crystalloids, DHb –
difference in preoperative and postoperative Hb
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Fig. 1 The Kaplan-Meier empirical curve for survival after surgery in
a spinal metastases from a renal cell carcinoma (embolized – full line,
non-embolized – interrupted line)
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blood loss was only 4130±1030 ml. The averae size of
metastases in radically embolized patients was 123 cm3, in
contrast to 54 cm3 in partially embolized patients. A
complex operation via anterior approach involving thora-
cotomy or laparotomy was carried out in all 4 patients
embolized radically. More simple surgery via a posterior
approach was carried out in partially embolized patients.
The size of the tumour and technical complexity of surgery
had an important effect on the amount of peroperative
blood loss.

Discussion

Embolization is usually used if there is a risk of substantial
blood loss [1, 6, 11] during an operation. Opinions differ
about how embolization affects blood loss, reflecting
reports being limited to small and non-comparable groups,
ranging from 14 to 30 patients [3, 5–7, 14]. Most papers
include metastases of different histological origins [3, 9, 11,
13]. Reports on spinal metastases from a renal carcinoma
often present only limited control groups without emboli-
zation and the effect of embolization on blood loss is
evaluated empirically [3, 5, 6, 11, 14]. Some reports include
patients treated by a palliative procedure, which will have
significantly smaller blood loss than a radical operation [6,
7, 10]. Reductions in peroperative blood loss have been
estimated as between 30–50% following embolization, but
data from a control group is lacking [5–7, 9].

Radical surgery should not be undertaken on a patient
with an extensive renal cell carcinoma metastases without
preoperative embolization. Nevertheless, despite preopera-
tive embolization we recorded a 2.7 times higher average
blood loss in embolized in comparison to non-embolized
patients. However the two groups of patients differed in
many aspects (size, extent of metastases and complexity of
surgery), so it is not possible to draw firm, clear
conclusions on effectiveness of embolization based on
differences in blood loss.

Some authors have assessed the efficacy of preoper-
ative embolization only on the basis of peroperative
blood loss, without considering the completenesds of
preoperative embolization [5, 7, 10, 13]. Others use
various, 3 or 5 degree scales for evaluating the extent of
embolization [6, 11, 14, 15]. Some report complete
cessation of blood flow in the metastases in most or all
patients [3, 6], others in approximately half of the patients
[11]. We recorded a somewhat higher blood loss (5380 ml)
in the completely embolized patients than in those partially
embolized (4130 ml) but the groups were not comparable in
many aspects. Thus in the radically embolized patients the
tumour was almost 2,5 times larger and complex surgery via
an anterior approach was performed twice as often.

Hess reported 2 patients in whom surgery was aborted
due to uncontrollable bleeding, and 1 of an epidural
haematoma in the operated area, complicated by paraplegia
[7]. Other authors have reported similar experience in the
surgery of metastases done without pre-operative emboli-
zation [5, 9, 10, 15]. If blood loss is not adequately
controlled during surgery the consequences can be disas-
trous. In 2 of our patients in whom preoperative emboliza-
tion was not performed because we had underestimated the
vascularisation of the metastases, surgery had to be aborted
because of uncontrollable bleeding. As a consequence we
now perform embolization even in patients selected for a
simple procedure.

Conclusion

Radical resection of a hypervascularized renal cell carcinoma
spinal metastases often involves life-threatening blood loss.
The amount of blood loss depends on a combination of
several parameters: the extent of hypervascularity, the size and
extent of the lesion, and the complexity and duration of
surgery. These complicate the assessment of the effect
of embolization. Many reports contain only small numbers
of patients and a cooperative study would be useful to gain
more knowledge of the factors influencing the value of
preoperative embolization.
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Comment

Rehak et al. retrospectively analyzed 15 cases of spinal renal cell
carcinoma metastases, operated on during a 9 year period. One major
problem of this kind of secondary tumour manifestation close to the
spinal cord is its hypervascularization, which risks extensive,
sometimes life-threatening, bleeding and/or post-operative neurologi-
cal deterioration. Therefore, pre-operative embolization is favoured by
many surgeons prior to attempting complete tumour removal or even
before decompressive surgery. The available scientific literature on
pre-surgical embolization does suggest lower operative complication
rates and better patient outcomes after pre-surgical embolization.
Unfortunately, past reports are based on small case series and have not
led to any widely accepted recommendations about when or when not
to embolize RCC etastases. The strength of this paper from Rehak et
al. is that it begins to develop reflections on the process of decision
making concerning pre-operative tumour embolization, its effective-
ness and limits, and the risk of blood loss despite embolization of
metastases. Even with embolization, surgery with the aim of complete
removal of a hypervascuralized spinal tumour remains a risky
procedure, as the 1 mortality from 8 embolized patients in the
authors’ series showed. The authors did not find any statistically
significant predictors of whether or not to embolize, except the
estimated risk of intraoperative blood loss according to the surgeon’s
personal opinion. Thus, 2 of 7 cases without embolization had to be
stopped before complete tumour removal because of extreme blood
loss. So what we can learn from this study is that surgeons should
seriously consider pre-operative embolization, at least when there are
hypervascularized spinal metastasis exceeding the bony structures of
the affected vertebra with infiltrating paravertebral tumour extension,
and when the surgical aim is complete resection via a combined dorso-
ventral approach. But it still remains unclear whether there is any
benefit from embolization for smaller tumours (which can be removed
via a posterior approach alone). Rehak et al. have made a valuable
contribution by reporting their cases and initiating renewing discus-
sion on the surgical treatment of RCC metastases. Now studies with
larger sample sizes or metaanlyses of past studies are needed to
determine more clearly the benefits and risks of performing pre-
operative embolization or not.

Department of Neurosurgery, Charité,
Berlin, Germany

Olaf Suess

The role of embolization in radical surgery of renal cell carcinoma spinal metastases 1181


	The role of embolization in radical surgery of renal cell carcinoma spinal metastases
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Patients and methods

	Results
	Differences between embolized and non embolized groups of patients
	Limitations of the embolization procedure
	Blood loss during surgery
	Complications of operation and clinical outcome
	The effect of completeness of embolization and size on tumour on blood loss

	Discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


