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ABBREVIATIONS  
RCC:  Renal cell carcinoma 
RBC:  Red blood cells 
MRI:  Magnetic resonance imaging 
DSA:  Digital subtraction angiography 
PVA:  Polyvinyl alcohol 
CI:   Confidence interval 

SD:  Standard deviation  
PACS: Picture archiving and communication system 
 
INTRODUCTION 
Epidemiology, pathophysiology and clinical presentation  
Every year approximately 30 000 people are diagnosed with 
cancer in Denmark (1). Oncologic management has improved 
over the years and consequently patients life expectancy with 
advanced cancer has increased (2). A common complication of 
advanced cancer is bone tissue metastases; especially to the 
spine. Up to 40% of cancer patients have evidence of metastat-
ic spine disease at the time of their death (3) and 5-14% experi-
ence symptomatic compression of the spinal cord or cauda 
equina (4;5). As patients continue to live longer with advanced 
cancer the number of symptomatic spinal metastases is ex-
pected to increase. 
Ten to 20% of metastases to the spine cause symptomatic 
compression of the spinal cord or cauda equine (4;5). Spinal 
metastases most often originate from breast, lung or prostate 
cancer (5). Prostate cancer most frequently metastasizes to the 
spine (90.5%), followed by breast, melanoma and lung cancer 
(74.3%, 54.5% and 44.9% respectively) (3). However, the occur-
rence of metastatic spinal cord compression varies differently 
among primary cancer diagnoses: breast cancer 22%, lung 
cancer 15% and prostate cancer 10% (5). The spread from the 
primary tumors is mainly by the arterial route. Symptomatic 
metastases occur most frequently in the thoracic region (70%) 
followed by the lumbar spine (20%) and the cervical spine 
(10%) (6). Generally the posterior portion of the vertebral body 
is infiltrated first, with later involvement of the anterior por-
tion, lamina and pedicles. Only rarely lesions extend beyond the 
epidural space. Intradural extramedullary infiltration is found in 
approximately 5% of patients with metastatic spinal cord com-
pression and intramedullary infiltration in less than 1% (5;6).   
The symptoms of metastatic spinal cord compression include 
pain, and a varying degree of impaired motor, sensory and 
autonomic functions, as well as possible risk of mechanical 
instability of the spine (7). Metastatic spinal cord compression 
is by definition symptomatic compression of the spinal cord or 
cauda equina caused by metastatic solid tumors, lymphoma, or 
myeloma (8). Patients typically present with persistent and 
progressive pain that are often worse at night. In general there 
is a distinction between three kinds of pain (4;9-14): a localized 
and constant pain thought to result from periosteal stretch by 
the growing metastasis, radicular pain most frequently from 
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pressure against one or more nerve roots, and axial pain asso-
ciated with mechanical instability or pathologic fracture.  
 
Treatment options  
In the majority of cases the surgical treatment of metastatic 
spinal cord compression is palliative. In addition to corticoster-
oids, analgesics and sometimes chemotherapy, the treatment 
includes open surgery followed by radiotherapy or radiothera-
py alone. The treatment for each patient is individually planned 
according to stage of disease, surgical risk and prognosis.  
For several years, posterior decompression was the only surgi-
cal treatment offered to patients with metastatic spinal cord 
compression. However, posterior decompression followed by 
radiotherapy did not result in better improvement than radia-
tion alone, and was in a large number of cases associated with 
a high morbidity because of instability of the spine after poste-
rior decompression (8;15). Surgical techniques for direct spinal 
cord decompression combined with instrumented stabilization 
of the spine were developed throughout the 1990´s as a conse-
quence of the general ongoing development of spinal implants, 
and gradually a more active strategy was adopted. Increasing 
evidence accumulated supporting that surgical decompression 
of the spine and instrumented stabilization followed by radio-
therapy was superior to radiotherapy alone in patients with 
neurologic symptoms caused by medullary compression of 
metastatic tissue, signs of instability of the spine, a life expec-
tancy over three months and without contraindications for 
surgery (4;13;14;16). Nevertheless, some controversy remains 
regarding the benefit of surgery in addition to radiotherapy 
(17). In rare cases the indication for surgery is back pain caused 
by metastasis, without symptoms of medullary compression, 
and only instrumented stabilization may be performed. Howev-
er, in the majority of patients with isolated back pain other 
procedures are chosen such as percutaneous instrumentation 
or vertebroplasty (18).   
Posterior decompression without instrumented stabilization 
continues to have a role in patients with neurologic symptoms 
caused by medullary compression by metastatic tissue, but 
without signs of instability of the spine. Radiotherapy alone is 
sometimes indicated in the most radiosensitive metastases 
from lymphoma, breast, myeloma and small-cell lung carcino-
ma, and furthermore, radiotherapy alone is used in patients 
with: multilevel or diffuse spinal involvement, expected survival 
<3 months, contraindications for surgery, or neurologic deficit 
for more than 24 hours. Wound infection is a relatively fre-
quent cause of operative morbidity in metastatic spine surgery 
(19-21).  
 
Figure 1: 

 

Tumor in the vertebral body. The tumor is anterior to the spinal cord 
and grows posteriorly to compress the spinal cord. 
Used by permission. Cole JS, Patchell RA. Metastatic epidural spinal cord 
compression. Lancet Neurol 2008 May;7(5):459-66. 
 
Surgical techniques in the treatment of spinal metastases 
Posterior decompression:  
With the patient in the prone position a midline incision is 
made over the spinous processes, and a decompression of the 
metastatic level is performed by removing the lamina and 
typically a part of the facet joints.  
Posterior decompression and instrumented stabilization: 
With the patient in the prone position a midline incision is 
made over the spinous processes. After subperiosteal release 
of the muscle tissue pedicle screws are inserted; typically two 
or three levels above the metastatic lesion and two or three 
levels below the metastatic lesion. The placement of the pedi-
cle screws is confirmed with a C-arm, and a decompression of 
the metastatic level is performed by removing the lamina and 
typically a part of the facet joints. The pedicle screws are con-
nected by rods; thus stabilizing the spine.  
Anterior decompression and instrumented stabilization:  
This technique is used in relatively few patients. Anterior de-
compression of the spine can be done through a left sided 
thoracotomy at the 10th intercostal level. After digital identifi-
cation of the pleural space the superior side of the diaphragm is 
identified and the diaphragm is released from its attachment to 
the thoracic wall, leaving about one cm of muscle tissue for re-
attachment of the diaphragm at the end of the procedure. 
After release of the diaphragm the spine can be exposed from 
approximately the 10th thoracic vertebra to the second lumbar 
vertebra and total or partial removal of the vertebral body with 
malignant tissue can be resected. In most cases the vertebral 
body is replace by a titanium cage to obtain so-called anterior 
support of the spine. Additional stabilization is obtained by a 
lateral insertion of screws two levels above the resected verte-
bral body and two levels below, connected with titanium rods. 
Alternatively, a posterior stabilization with pedicle screws is 
done as described previously.   
Corpectomy: 
The surgical removal of a whole vertebral body is termed 
corpectomy and is offered to patients with an isolated metasta-
sis to the spine and in most cases an expected survival of more 
than six months. This procedure is done through a posterior 
approach to the spine. With the patient in the prone position 
the spine is exposed through a midline incision and subperios-
teal release. Pedicle screws are placed three levels above and 
three levels below the affected vertebra and the placement of 
the screws is controlled with a C-arm. The first part of the 
corpectomy is identical to the previously described posterior 
decompression with removal of the spinous process and lamina 
of the affected vertebrae. The facet joints are fully resected and 
the pedicles are resected until only the vertebral body is left. 
The next phase consists of lateral exposure of the vertebral 
body. A chisel is used to release the discs on each side of the 
affected vertebrae. Ideally, this procedure results in mobiliza-
tion of the vertebral body, which can be extracted posteriorly 
under or over the nerve root. After the removal of the vertebral 
body a titanium cage is inserted from the posterior direction. 
Most cages can be expanded and are therefore fixed between 
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the endplates of the vertebral bodies above and below the 
resected level. To obtain further stabilization, a posterior in-
strumentation is done after insertion of the cage. This is done 
with the same technique as previously described for insertion 
of pedicle screws above and below the resected levels, con-
necting the screws with two titanium rods.  
Minimally invasive surgery for spinal metastases: 
There is no established definition of the term "minimally inva-
sive", but most surgeons would agree that so called percutane-
ous instrumentation of the spine is a minimal invasive proce-
dure. With the patient placed in the prone position the entry 
points of the pedicles are identified with a mobile x-ray image 
intensifier (C-arm). Guide wires are inserted into the pedicles 
using small stab wounds of the skin. The placement of the 
guide wires is confirmed with the C-arm and the stab wounds 
are gradually dilated to allow insertion of larger tubes, through 
which the pedicle screws can be inserted over the guide wires. 
This is possible because the pedicle screws are cannulated, and 
therefor can be inserted over the guide wires. If decompression 
is necessary this can either be done by extending the stab 
incisions at the relevant level or in some cases decompress 
through the tube used for insertion of the pedicle screw.  
Vertebroplasty and kyphoplasty:  
In both vertebroplasty and kyphoplasty the underlying principle 
is to inject bone cement into the pathologic vertebra to obtain 
pain relief and possibly stability, although the mechanism for 
the pain reducing effect is not completely understood. The 
difference between the two types of procedures is that in 
kyphoplasty a balloon is inserted into the vertebral body. The 
balloon is inflated under pressure control and the system is 
filled with a radiopaque fluid to be visible on the image intensi-
fier. This makes is possible to control the location of the balloon 
and the inflation degree. Deflation and removal of the balloon 
leaves a void in the vertebral body were cement is then inject-
ed. The theoretical advantage of using kyphoplasty instead of 
vertebroplasty should be that the risk of cement being placed 
outside the vertebra is reduced and that it is possible to correct 
the kyphosis by elevation of the upper end plate of the verte-
bra.  
A third way to use cement injection is as an adjunct to posterior 
decompression and instrumented stabilization; injecting the 
cement directly into the affected vertebral body after the de-
compression is completed.  

 
Intraoperative bleeding 
Surgery for metastatic spinal disease is associated with signifi-
cant blood loss and the risk of catastrophic blood loss repre-
sents a major cause of operative morbidity (22). There is cur-
rently no consensus about the expected mean blood loss in this 
subgroup of spine surgery (22). In general there is a tendency 
towards finding a greater amount of blood loss in more exten-
sive surgical procedures such as corpectomy and procedures of 
combined approach, and in studies primarily including patients 
with Renal cell carcinoma (RCC), thyroid cell carcinoma and 
myeloma (22-35). Furthermore, there is a tendency towards 
greater blood loss in surgery of the lumbar region compared to 
the thoracic and cervical regions (22). A study by Thiex et al 
indicated that the extent of the surgery is more influential than 
tumor histology (27), and this is supported by Kobayashi et al 
(25). 

A recent meta-analysis from 2013 including 18 papers and 760 
patients reported a pooled estimate of mean blood loss of 1828 
mL (95% CI: 1562-2074) in surgery for spinal metastasis/tumor 
(22). The mean blood loss reported in the studies ranged from 
1100 ml to 6039 ml, and 12 % of the patients had a catastrophic 
blood loss (>5500 mL). It is highly likely that the substantial 
variation in blood loss was due to: extend of surgery ranging 
from laminectomy over wide decompression in combination 
with instrumented stabilization to corpectomy, and the great 
variety of hypervascular and hypovascular metastases/tumors. 
Compared to very early studies, major surgical procedures of 
the spine now include controlled perioperative hypotension 
and the use of antifibrinolytic agents that minimize intraopera-
tive blood loss (36). This could problematize comparison of 
studies.  

 
Transfusion with allogenic red blood cells (rbc) 
Predictors for requirement of blood transfusion in spinal sur-
gery include low preoperative hemoglobin concentration, met-
astatic or tumor surgery, and more than four levels of instru-
mentation (37;38). A database study from 2002 of almost 4000 
patients undergoing various types of spinal surgery also includ-
ed patients with metastatic disease (39). The one factor most 
closely associated with allogenic blood transfusion was meta-
static spine disease. A more recent study on more than 1500 
patients operated in one institution over a 10-year period 
concluded that surgery on three levels or more, and metastatic 
or tumor surgery significantly increased the risk of transfusion 
requirement (40). 
Anemia is known to increase morbidity and mortality in pa-
tients undergoing surgery, but studies also indicate that allo-
genic RBC may lead to worse outcomes (41-48). The well-
known risks associated with allogenic RBC transfusion in surgi-
cal patients include hemolytic reactions, transfusion-related 
lung injury and transmission of infectious diseases. Further 
more evidence suggests that allogenic blood transfusion may as 
well increase the risk of postoperative bacterial infections, 
cancer recurrence, exacerbate the course of the cancer disease 
and decrease survival (44;49-51). It is speculated that this may 
be caused by transfusion-related immunomodulation (52). The 
mechanisms for transfusion-related immunomodulation in-
clude: suppression of monocyte and cytotoxic cell activity, 
inhibition of interleukin-2 (IL-2) production, release of immuno-
suppressive prostaglandins and increase in suppressor T-cell 
activity (52). Few studies have addressed the impact of blood 
transfusion in patients undergoing spine surgery, and to our 
knowledge none specifically focused on metastatic spine sur-
gery. 
 
Reduction of intraoperative blood loss and allogenic blood 
transfusion 
Major spine surgery and particular oncological spine surgery is 
known to be associated with substantial blood loss and allogen-
ic blood transfusion, and a number of modalities have been 
introduced for the purpose of reducing these (37-40;53). The 
use of antifibrinolytic agents and controlled deliberate hypo-
tension has been shown to reduce perioperative blood loss and 
transfusion requirements in patients undergoing spine surgery 
(54-56). Intraoperative cell salvage combined with a leucocyte 
depletion filter–to remove tumor cells from the salvaged 
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blood–is applicable in oncological spine surgery to avoid or limit 
allogenic blood transfusion (57;58). However, preoperative 
Erythropoietin (EPO) treatment, frequently used in elective 
surgery, requires 5-7 days before the hemoglobin concentra-
tion begins to increase. In general this particular preoperative 
treatment duration is 3-4 weeks which eliminates its use in 
metastatic spine surgery, given that it is primarily performed 
under acute or subacute circumstances. 
Recently there has been a focus on the development of mini-
mally invasive techniques that have been applied in selected 
patients (59;60). It is proposed that intraoperative blood loss is 
less than for the prevalent more invasive techniques. 
Finally, patients with spinal metastases considered hypervascu-
lar on the basis of tumor histology or with magnetic resonance 
imaging (MRI) findings consistent with hypervascularity are 
often referred to preoperative arteriography and embolization 
aiming to reduce the vascularity prior to the surgery. However, 
the role of preoperative embolization in this aspect of oncolog-
ic surgery has not been fully established. Preoperative emboli-
zation is the main topic addressed in this thesis and will be 
described further in the last section of the background. 
 
Thoracic and lumbar arterial anatomy of the spine and spinal 
cord in adults 
The spinal segmental arteries arise from the posterior wall of 
aorta; either as a left and right branch or as a common trunk. A 
common trunk is most frequent in the low lumbar region. Each 
segmental artery runs along the vertebral body supplying it 
with small osseous branches. Before the transverse process it 
divides into a dorsal and a ventral branch. The ventral branch 
constitutes the intercostal or lumbar artery. The dorsal branch 
divides at the neural foramen into the radicular artery and a 
muscular branch. The muscular branch supplies the dorsal 
paraspinal muscles and partially the dorsal osseous structures. 
The radicular artery follows the spinal nerve and divides into 
anterior and posterior radicular arteries that follow the anterior 
and posterior nerve roots. Small branches leave both radicular 
arteries to supply the dura (61;62). All anterior and posterior 
radicular arteries potentially reach the anterior spinal artery or 
one of the posterior spinal arteries respectively. However, 
typically two dominant anterior spinal contributors are present; 
at the thoracolumbar level and the cervical level. These anteri-
or radiculomedullary arteries divide into a descending ramus 
and a smaller ascending ramus in the midline at the anterior 
surface of the spinal cord and fuse with the anterior spinal 
artery. The radiculomedullary artery and the descending ramus 
assume the shape of a hairpin. Most often more than two 
dominant posterior spinal contributors are present. They simi-
larly divide into a descending ramus and a smaller ascending 
ramus at the posterior surface of the spinal cord, but not in the 
midline; either slightly to the left or right fusing with one of the 
two posterior spinal arteries. The typically dominant anterior 
spinal contributor is also called the artery of Adamkiewicz and 
generally origins between T6 and L2 and approximately 75% is 
found between T9 and T12. In approximately 85% it arises on 
the left side (61-63).  
The segmental artery for T1 originates from the costocervical 
trunk as do sometimes other higher thoracic segmental arter-
ies. Bronchial arteries relatively frequently arise from thoracic 
segmental arteries or share the same origin from the aorta. In 

the lumbar region it is common that the segmental artery for L5 
arises from the median sacral artery. Sometimes ipsilateral 
segmental arteries are joined by an intersegmental trunk. This 
is a common variation in the thoracic region. However, in-
tersegmental collaterals can also be established as a result of 
aortic atheromatous disease covering the segmental artery 
origin (61;62).  
The pathway of the segmental arteries along the vertebral body 
and their proximity to the transverse process varies between 
spinal regions and close proximity is most frequent at T12 to L2. 
This could potentially influence the susceptibility to surgical 
injury and intraoperative hemorrhage (64). 
 
Preoperative evaluation of hypervascularity 
Patients with spinal metastases considered hypervascular on 
the basis of tumor histology or with MRI findings consistent 
with hypervascularity are often referred to preoperative arteri-
ography and embolization. MRI characteristics indicative of 
hypervascularity include: contrast enhancement, intratumoral 
or peritumoral flow voids representing blood vessels, intra-
tumoral hemorrhage, large feeder vessels, and aggressive 
violation of anatomic barriers (26;65). Bode et al found contrast 
enhancement to be most sensitive for tumor vascularity, fol-
lowed by T2-weighted hyperintensity. On the other hand feed-
er vessels and flow voids were most specific for tumor vascular-
ity (65). Thiex et al suggest that preoperative radiotherapy may 
interrupt microvascular vessels leading to less MRI enhance-
ment. In addition Bodo et al have demonstrated that the inter- 
and intra-rater reliability of MRI characterization of the vascu-
larity of spinal tumors is low (65). The positive predictive value 
of MRI identifying tumors that are hypervascular is 77–94 %, 
but the accuracy of excluding hypervascularity is low: 33–79 % 
of metastases predicted to be hypovascular according to MRI 
findings are diagnosed hypervascular on digital subtraction 
angiography (DSA) (26;27;65). Consequently, the final decision 
on whether preoperative embolization should be performed is 
based on the preoperative DSA tumor blush, and as such con-
sidered the “gold standard” for determining tumor vascularity 
(26;66;67). To our knowledge reliability studies evaluating 
vascularity ratings of DSA tumor blush have not been published 
before.  
The accuracy of DSA tumor blush vascularity assessment has 
not been explored either; however, it would probably be infea-
sible to explore due to lack of a proper endpoint. Histological 
samples from these surgeries are rarely suitable for a definite 
diagnosis of vascularity and intraoperative blood loss is often 
biased by for example varying invasiveness of procedures and 
embolization status. DSA is described further in the following 
section.  
An accurate non-invasive preoperative solution to evaluate the 
vascularity of spinal metastases in order to select patients for 
preoperative embolization would be ideal. A pilot study by 
Mazura et al addressed this topic and reported the efficacy of 
measuring vascularity of spinal metastases prior to preopera-
tive embolization in ten patients using dynamic contrast-
enhanced MRI perfusion. The MRI technique correlated signifi-
cantly with DSA evaluations (66). Further investigation in larger 
scale is necessary to determine the role of this MRI technique 
in patient selection for preoperative embolization. 
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Transcatheter arteriography 
Transcatheter arteriography is performed via a catheter intro-
duced into an artery using the Seldinger technique under local 
regional anesthesia (68). An illustration and description of the 
Seldinger technique is provided in Figure 2. Usually the arterial 
access is gained through the femoral, radial or brachial artery. 
The transfemoral approach is by far the most common in use. 
The physician identifies the common femoral artery by pulse 
palpation and anatomical landmarks supported by fluoroscopy 
or ultrasound. 
 
Figure 2: 

 
The Seldinger technique. 
1: The artery is punctured with a needle; 2: A guide wire is inserted into 
the artery through the needle; 3: The needle is removed over the guide 
wire; 4: The catheter is inserted into the artery over the guide wire; 5: 
The guide wire is removed to use the catheter for contrast material 
injection. 

 
Contrast material is injected through the catheter to opacify 
the target vessels. Generally iodinated contrast material is 
used, but carbon dioxide or gadolinium based contrast can also 
be applied. To obtain more accurate images of the blood ves-
sels than during fluoroscopy a background image prior to the 
injection of contrast material is digitally subtracted from the 
images obtained during the injection (digital subtraction arteri-
ography (DSA)). DSA results in images showing the blood vessel 
without disturbances by bones, soft tissue and the bowel. 
By using guide wires and coaxial catheter techniques through 
an introducer sheath and under fluoroscopic guidance it is 
possible to navigate catheters far distally, into small arteries if 
necessary, to perform selective arteriography, embolization, 
dilatation or stent deployment. 
At the end of the procedure hemostasis at the puncture site is 
obtained by application of a closure device or manual compres-
sion. 
 
Embolization therapy 
Embolization therapy can be defined as an introduction of a 
substance into a blood vessel or vascular bed in order to oc-
clude or reduce the blood flow to a region or organ. One of the 
earliest descriptions of therapeutic embolization is by Dawbarn. 
Already in 1904 JAMA published the description of injection of 
paraffin and vaseline into tumor arteries to exclude the blood 
supply prior to extirpation (69). However, the development of 
the great variety of embolization procedures used today began 
in the nineteen sixties and seventies as the discipline interven-

tional radiology emerged on the basis of the Seldinger tech-
nique from 1953 (68;70).  
Embolization therapy covers a large spectrum of procedures 
providing vascular occlusion in either the arterial or venous 
system, e.g. to stop traumatic bleeding, exclusion of aneurysms 
and pseudoaneurysms, varicocele embolization, embolization 
of uterine fibromas, preoperative embolization of tumors, 
embolization of vascular malformations, and chemo- and radi-
oembolizations. Various permanent and temporary emboliza-
tion materials exist, some suitable for large vessels others for 
the smallest vessels, and new agents are developed continu-
ously. Vascular plugs are used for large vessels as permanent 
occlusion devices. Gelatin sponge or autologous blood clots can 
also be used in large vessels as a more temporary occlusion 
solution. Gelatin sponge as powder can be used in small ves-
sels. Coils come in many different sizes – some suitable for 
large vessels and others for small vessels. Furthermore numer-
ous different designs exist with regard to material, shape, flexi-
bility, surface properties etc. Various permanent particles for 
permanent occlusion of small vessels are used nowadays. Non-
spherical Polyvinyl alcohol (PVA) particles have been used for 
more than 25 years and more recently different spherical parti-
cles have been introduced, such as: PVA microspheres, Tris-
acryl microspheres Hydrogel-polyzene microspheres, and drug-
eluting or radioactive microspheres. Liquid embolic agents 
include, e.g. sclerosing agents as absolute alcohol and Sodium 
tetradecyl sulfate, adhesives as N-butyl cyanoacrylate, Throm-
bin and Ethylene vinyl alcohol which is a non-adhesive elastic 
polymer. 
The key principle of embolization therapy is to treat the target 
area effectively while avoiding or minimizing damage to distal 
or adjacent structures. This often requires selective catheteriza-
tion of small and sometimes winding vessels. As described in 
the previous section guide wires and catheters are navigated 
through the blood vessels under fluoroscopic guidance, and 
likewise the introduction of embolic agents is visualized by 
fluoroscopy. Depending on the anatomy, different shapes, 
flexibility and surface qualities of guide wires and catheters are 
used for selective catheterization and to maintain a stable 
position in the target vessel while introducing the embolic 
agent. 
Preoperative embolization of spinal metastases: 
Based on medical imaging, preferably MR or CT, a preplanning 
of the endovascular procedure is done. First, arterial access is 
gained as described in the section on transcatheter arteriog-
raphy. Second, spinal segmental arteries at the level/levels of 
the affected vertebra/vertebrae as well as two levels above and 
below are selectively catheterized with a 4–5-F visceral cathe-
ter (typically Mickelson or Cobra shapes) to obtain DSA series 
for vascularity evaluation and anatomical guidance for intro-
duction of the embolic agent. In low lumbar metastases the 
iliolumbar, median sacral and internal iliac arteries should also 
be explored.  
Preferably a microcatheter is positioned as distally as possible 
in the dorsal branch of the segmental artery to avoid non-
target embolization. If the dorsal branch cannot be catheter-
ized then particles are injected from as distally as possible in 
the segmental artery.  Segmental arteries with a spinal cord 
supply should not be embolized. Particles are injected with an 
adequate flow to prevent reflux. PVA particles (non-spherical, 
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300-500 μm) or gelatine sponge suspended in nonionic contrast 
medium have been used most frequently in preoperative em-
bolization; sometimes in combination with proximal coil embo-
lization (23-27;29;30;35;35;71;72;72-80). In 1999 Berkefeld et 
al found embolization with gelatin sponge or PVA particles to 
be more effective than coil embolization alone, and further-
more proximal coil embolization in addition to particles seemed 
dispensable (23). Microcoils can be placed proximally in side-
branches to segmental arteries, e.g. intercostal arteries, to 
protect these from non-target particle embolization. Control 
angiograms are performed during embolization to identify 
opening of collaterals to segments with spinal cord supply and 
patients should be monitored for changes in neurologic symp-
toms. The endpoint of embolization is complete exclusion of all 
feeder arteries that supplied the metastasis. Post-embolization 
angiograms are attained to evaluate and grade the technical 
success of embolization by visual estimation of tumor blush 
intensity reduction. It is anticipated that preoperative emboli-
zation should be performed 0-48 hours prior to the scheduled 
surgery for PVA particles and gelatine sponge (23;24;35;71;81).  
 
Figure 3: 

 
Artist’s rendering depicting the transaortic superselective cannulation of 
tumor vessel distal to radicular artery supplying the anterior spinal 
artery (ASA) arising from the same arterial pedicle.  
PSA=posterior spinal artery. 
Used by permission. Prabhu VC, Bilsky MH, Jambhekar K, et al. Results 
of preoperative embolization for metastatic spinal neoplasms. J 
Neurosurg 2003; 98:156-164. 
 
Complications: 
Endovascular procedures carry a risk of hematoma at the punc-
ture site/hemorrhage (0-5%), pseudoaneurysm (0.05–7.7%) at 
the puncture site, arteriovenous fistula (0.2–2%) and vascular 
dissection (unknown) (82). In addition, embolization therapy 
involves the risk of post-embolization syndrome caused by 
tissue infarction induced by release of inflammatory mediators 
and vasoactive substances. The symptoms are: pain, fever, 
nausea, arthralgia and myalgia, and general debility (83). The 
symptoms subside within approximately 72 hours. The syn-
drome is most common after uterine and liver embolization 
and extremely rare after embolization of spinal metastases. 
Furthermore, there is a potential risk of abscess formation, 
unintended tissue necrosis and non-target embolization. The 
latter includes spinal cord ischemia. The existing literature on 

preoperative embolization of spinal metastases reports a 0% to 
8.5% frequency of complications (27;29). 
Evidence: 
Preoperative embolization is used to reduce perioperative 
bleeding and the surgery time in surgical treatment of meta-
static spinal cord compression, but the evidence in favor of 
preoperative embolization is limited. Previous studies are ret-
rospective and with conflicting conclusions 
(23;24;26;27;29;30;35;71;75;76;84). The focus has mainly been 
directed towards the hypervascular metastases from renal and 
thyroid carcinomas and the majority of studies indicate a bene-
ficial effect of embolization in these patients (23;24;26-
29;35;72;73;75-77). However, the role of preoperative emboli-
zation in patients with spinal metastases unselected with re-
gard to primary cancer diagnosis has been sought clarified as 
well, since hypervascularity has proved to be present in other 
than classically hypervascular tumors (27;30;35;71;75;76;84). 
Prospective trials, preferably in a randomized controlled set-
ting, exploring the utility of preoperative embolization in pa-
tients with symptomatic metastatic spinal cord compression, 
independent of the primary tumor diagnosis, are warranted 
(24;27). 
In conclusion, an increasing number of patients develop symp-
tomatic spinal metastasis and increasing evidence supports the 
benefit of surgical decompression and spinal stabilization com-
bined with radiation therapy. However, surgery for metastatic 
spinal disease is known to be associated with a risk of substan-
tial intraoperative blood loss and allogenic blood transfusion. 
Anemia is known to increase morbidity and mortality in pa-
tients undergoing surgery, but studies also indicate that trans-
fusion with allogenic RBC may lead to worse outcomes. To 
reduce intraoperative bleeding preoperative embolization has 
been used in selected cases, but no randomized trial has exam-
ined the effect in patients with spinal metastasis. The final 
decision on whether preoperative embolization should be 
performed is based on the preoperative DSA tumor blush, and 
as such considered the “gold standard” for determining the 
vascularity of spinal metastases. To our knowledge reliability 
studies evaluating vascularity ratings of DSA tumor blush have 
not been published before. 
 
HYPOTHESES 

I. There is an increased mortality related to blood trans-
fusion in patients operated for metastatic spinal cord 
compression. 

II. Preoperative embolization reduces the blood loss af-
ter surgical treatment of metastatic spinal cord com-
pression. 

III. More than 70% of patients operated for metastatic 
spinal cord compression have hypervascular metasta-
ses. 

IV. There is a satisfactory inter- and intra-rater variation 
in classification of the vascularity of spinal metastases 
using DSA tumor blush. 

 
AIMS OF THE THESIS 

I. To assess whether perioperative allogenic blood 
transfusions in patients undergoing surgical treat-
ment for spinal metastases independently influence 
patient survival (Study 1). 
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II. To assess whether preoperative transcatheter arterial 
embolization of spinal metastases reduces blood loss, 
the need for transfusion with allogenic red blood cells 
(RBC) and surgery time in the surgical treatment of 
patients with symptomatic metastatic spinal cord 
compression (Study 2). 

III. To describe the vascularity of metastases causing spi-
nal cord compression (Study 2). 

IV. To evaluate inter- and intra-observer agreement in 
the assessment of the vascularity of spinal metastases 
using digital subtraction angiography (DSA) tumor 
blush (Study 3). 

Table 1: 
Outline of study 1, 2 and 3 

 Study 1 Study 2 Study 3 
Study 
design 

Retrospective, 
one-center, 
cohort study 

Single-blind, 
randomized 
(1:1), con-
trolled, paral-
lel-group, 
single-center 
trial 

Reliability 
study 

Focus of 
study 

Effect of RBC 
transfusion on 
survival 

Effect of 
preoperative 
embolization 

Inter– 
and intra-
observer 
agree-
ment in 
DSA 
tumor 
blush 

Outcome 3- and 12-
month survival 

Intraoperative 
blood loss, 
RBC transfu-
sion and 
duration of 
surgery 

Assess-
ment of 
vasculari-
ty 

Inclusion 
period 

2009-2010 2011-2013 

No. of 
patients 

170 48 (Main analysis based 
on: 45 in study 2, 46 in 
study 3)* 

Patient 
group 

Patients under-
going surgery 
for metastatic 
spinal cord 
compression 

Patients undergoing pre-
operative embolization 
and surgery for metastatic 
spinal cord compression 

Surgery Decompression 
with or without 
spinal instru-
mentation 

Decompression and spinal 
instrumentation 

Age, 
mean 
years +/-
SD 

63 +/- 11.7 64 +/- 8 

Sex, No. 
of males 
(%) 

91 (53%) 30 (63%) 

* Image data from patients included into study 2 were used in study 3, 
SD = standard deviation, RBC = red blood cells, DSA = digital subtraction 
angiography 

STUDY 1: 
For all details please see the original paper: 

 
Perioperative blood transfusion does not decrease survival 
after surgical treatment of spinal metastases. Clausen C, Lönn 
L, Morgen SS, Nielsen MB, Frevert SC, Johansson PI, Dahl B. Eur 
Spine J. 2014 Aug;23(8):1791-6.  

 
Aim 
To assess whether perioperative allogenic blood transfusions in 
patients undergoing surgical treatment for spinal metastases 
independently influence patient survival. 
 
Materials and methods 
All patients who underwent surgical treatment for spinal me-
tastases in 2009 and 2010 at a tertiary referral center were 
included in this retrospective cohort study. The following varia-
bles were registered: all transfusions from one week prior to 
surgery until three days post-surgery, number of levels instru-
mented, spinal levels decompressed, age, gender, preoperative 
hemoglobin concentration, whether or not preoperative embo-
lization was performed, reoperation within the two-year study 
period, three-months survival, 12-months survival and parame-
ters used in the revised Tokuhashi scoring system (general 
condition/performance status, no. of extra spinal bone metas-
tases foci , no. of metastases in the vertebral body, metastases 
to the major internal organs, primary site of cancer and palsy) 
(85;86). All patients with incomplete data sets were excluded.  
In the final analysis, patients were grouped according to the 
revised Tokuhashi score: score 0-8 (reference group); score 9-
11 and score 12-15. RBC transfusions were stratified into four 
groups: 0 units (reference group); 1-2 units; 3-4 units and > 4 
units. The number of instrumented levels was also stratified 
into three groups: 0 levels i.e. decompression only (reference 
group), 2-5 levels and >5 levels. Male gender was also defined 
as reference group.  
A total of 190 consecutive patients underwent surgical treat-
ment for spinal metastases in the 24 months inclusion period. 
Twenty patients were excluded due to incomplete data sets, 
leaving 170 patients in the final analysis. The follow up time for 
all patients was one year. Part of the demographics and periop-
erative patient characteristics is provided in Table 2. Approval 
for this study was granted by the Danish Data Protection Agen-
cy (ID number 2008-41-2128). 
Statistical analysis: 
Perioperative patient characteristics potentially related to 
postoperative survival were included as independent variables 
in a multivariable logistic regression analysis in a single step 
method with either survival at three or 12 months as the de-
pendent variable. The independent variables were: RBC trans-
fusion, age at surgery, gender, preoperative hemoglobin, re-
vised Tokuhashi score, and number of instrumented levels. 
Furthermore interactions between the potential predictors 
were tested in a multivariable logistic regression analysis to-
gether with all the individual independent variables. The odds 
ratio (OR) of survival at three and 12 months was determined 
with a confidence interval (CI) of 95 %. A p-value < 0.05 was 
considered statistically significant. The statistical analysis was 
performed using SPSS 20 software.  
 

http://www.ncbi.nlm.nih.gov/pubmed?term=Clausen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24866254
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%B6nn%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24866254
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%B6nn%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24866254
http://www.ncbi.nlm.nih.gov/pubmed?term=Morgen%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=24866254
http://www.ncbi.nlm.nih.gov/pubmed?term=Nielsen%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=24866254
http://www.ncbi.nlm.nih.gov/pubmed?term=Frevert%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=24866254
http://www.ncbi.nlm.nih.gov/pubmed?term=Johansson%20PI%5BAuthor%5D&cauthor=true&cauthor_uid=24866254
http://www.ncbi.nlm.nih.gov/pubmed?term=Dahl%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24866254
http://www.ncbi.nlm.nih.gov/pubmed/24866254
http://www.ncbi.nlm.nih.gov/pubmed/24866254
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Results 
Perioperative allogenic blood transfusion of 1-2 units was sig-
nificantly (p=0.049) associated with increased 12-month surviv-
al with the OR 2.619 (CI 1.004-6.831). This did not apply for 
three-month survival or for larger transfusion volumes. A re-
vised Tokuhashi score between 12 and 15 was found to be a 
significant predictor of both increased three- and 12-months 
survival (OR 3.585 (CI 1.293-9.938), p=0.014) and (7.00 (CI 
2.597-18.869), p=0.000). The same applied for a revised To-
kuhashi score between 9 and 11 with regard to 12-months 
survival (OR 2.923 (CI 1.308-6.531), p=0.009), but not three-
month survival. Instrumentation of more than 5 levels was 
found to be a negative predictor of 12-months survival (OR 
0.310 (CI 0.104-0.922), p=0.035 as was increasing age for both 
three- and 12-months survival. Interactions between the poten-
tial predictors were not significant and therefore not included 
in the final models (87). 
 
Conclusion 
In conclusion, the results of the study support that periopera-
tive blood transfusion of less than 5 units does not decrease 
survival in patients operated for spinal metastases. Transfusion 
of 1-2 units seems to be weakly associated with increased 12-
month survival. Future studies should assess if a liberal transfu-
sion regime can be applied to this group of patients; thereby 
prioritizing early postoperative mobilization. 
 
Table 2:  
Part of demographics and perioperative patient characteristics 
N 170 

Male : female 91 : 79  (53 % : 47 %) 

Age at surgery 63 years  (SD 11.7) 

Preoperative hemoglobin  

  < 6 mmol/L 4  (2.4 %) 

  6-6.9 mmol/L 32  (18.8 %) 

  7-7.9 mmol/L 54  (31.8 %) 

  8-8.9 mmol/L 64  (37.6 %) 

  9-9.9 mmol/L 13  (7.6 %) 

  > 10 mmol/L 3  (1.8 %) 

Modified Tokuhashi score  

  0-8 58  (34.1 %) 

  9-11 73  (42.9 %) 

  12-15 39  (22.9 %) 

No. of instrumented levels  

  0 levels 31  (18.2 %) 

  2 - 5 levels 84  (49.4 %) 

  > 5 levels 55  (32.4 %) 

Transfusion  

  Allogenic RBC transfused  73  (42.9 %) 

  1-2 units 35  (20.6 %) 

  2-4 units 18  (10.6 %) 

  > 4 units 20  (11.8 %) 

Survived 3 months 111  (65.3 %) 

Survived 12 months 80  (47.1 %) 

For age, preoperative hemoglobin and allogenic RBC units transfused 
and means and standard deviations (SD) are presented, for the other 
variables frequencies and percentages. 
 
STUDY 2: 
For all details please see the original paper: 
 
Preoperative embolization in surgical treatment of spinal 
metastases: Single-blind, randomized controlled clinical trial 
of efficacy in decreasing intraoperative blood loss. Caroline 
Clausen, Benny Dahl, Susanne C Frevert, Lars V Hansen, Michael 
Bachmann Nielsen, Lars Lönn. J Vasc Interv Radiol. 2015 
Mar;26(3):402-12.e1. doi: 10.1016/j.jvir.2014.11.014. Epub 
2015 Jan 28. 

 
Aim 
To assess whether preoperative transcatheter arterial emboli-
zation of spinal metastases reduces blood loss, the need for 
transfusion with allogenic red blood cells (RBC) and surgery 
time in the surgical treatment of patients with symptomatic 
metastatic spinal cord compression. 
Furthermore, the study aimed at the vascularity of metastases 
causing spinal cord compression. 
 
Materials and methods  
Study Design: 
The study was a single blind, randomized, controlled, parallel-
group trial conducted as a single-center study. Approval was 
obtained from the national committee on biomedical research 
ethics and the study was preregistered at 
www.ClinicalTrials.gov (NCT01365715). The study was carried 
out at a university-affiliated public tertiary hospital serving a 
population of 2.3 million people and enrollment was from May 
2011 until March 2013. Participants were randomly assigned 
(balanced 1:1) to either 1) Preoperative angiography and embo-
lization–the embolization group or 2) Preoperative angiography 
only–the control group. The allocation sequence was produced 
by a third party using a computer-generated list of random 
numbers and a fixed block size of 16. The allocation conceal-
ment was secured by using sealed opaque numbered enve-
lopes. Spine surgeons, anesthesiologist and staff members 
obtaining outcome data were kept blinded to the allocation. 
The interventional radiologists and the patients were unblind-
ed.  
A sample size of 28 patients per group was estimated necessary 
to detect a reduction in blood loss of at least 500 mL with a 5% 
significance level and a power of 80%. To allow for dropouts, 32 
patients per group were planned. The trial was terminated 
when the prescheduled date of closure was reached and by 
then three of four blocks were included. The mean blood loss 
and standard deviation (SD) of the included patients (676 mL 
[SD], 354]) were markedly less than anticipated when the study 
was planned; therefore, enough patients were included to 

http://www.ncbi.nlm.nih.gov/pubmed/25636672
http://www.clinicaltrials.gov/
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demonstrate a 500 mL reduction of intraoperative blood loss 
with a 5% significance level and a power higher than the 
planned 80%. 
Study population: 
Patients at least 18 years old scheduled for decompression and 
posterior thoracic and/or lumbar spinal instrumentation be-
cause of symptomatic metastatic spinal cord compression were 
eligible for the study.  
Participant Flow: 
Please see Figure 4. 
Baseline characteristics: 
The following baseline characteristics and procedural details 
were registered: age, sex, primary site of cancer, Tokuhashi 
score (85), vascularity, region operated, number of decom-
pressed levels, number of instrumented levels, contrast agent 
and volume, radiation dose area product, fluoroscopy time, 
embolization material and preoperative hemoglobin, interna-
tional normalized ratio and thrombocytes. The baseline charac-
teristics, and endovascular and intraoperative data were bal-
anced between the treatment groups; except for slightly more 
hypervascular metastases in the embolization group. Included 
and not included eligible patients did not differ with regard to 
age, sex, Tokuhashi score and number of instrumented levels. 
Treatment Procedures: 
The endovascular procedures were performed 0-48 hours prior 
to the scheduled surgery. Standard endovascular techniques via 
arterial access to one of the two common femoral arteries 
under local regional anesthesia were used. All participants 
underwent selective catheterization and DSA of spinal segmen-
tal arteries at the level/levels of the affected verte-
bra/vertebrae as well as two levels above and below. The vas-
cularity of the metastases was graded by visual evaluation of 
the intensity of tumor blush: 0=no hypervascularity (equal to or 
less than adjacent vertebrae without tumor involvement), 
1=moderate hypervascularity, 2=pronounced hypervascularity. 
Examples of the three vascularity grades are provided in Figure 
5. In the embolization group all feeder arteries that supplied 
the metastasis graded as vascularity 1 or 2 were embolized, 
whereas only arteries at the level/levels of the affected verte-
bra/vertebrae were embolized in vascularity graded as 0. Coax-
ial microcatheter technique with superselective catheterization 
of feeder arteries that supplied the metastasis was used in all 
patients in the embolization group. Preferably the microcathe-
ter was positioned as distally as possible in the dorsal branch of 
the segmental artery. Segmental arteries with a spinal cord 
supply were not embolized. Particles were injected with an 
adequate flow to prevent reflux. The expert in interventional 
radiology determined the embolization material deemed ap-
propriate on an individual basis; however, as a rule the 300 μm 
PVA foam particles were the preferred choice. 500 μm PVA 
foam particles were used in metastases with larger caliber 
vessels. 
 
Figure 4: 
Flow diagram showing the progress through the phases of 
enrollment, treatment allocation, follow-up and data analysis. 

 
Control angiograms were performed during embolization to 
identify opening of collaterals to segments with spinal cord 
supply and the patients were monitored for changes in neuro-
logic symptoms. The endpoint of embolization was complete 
exclusion of all feeder arteries that supplied the metastasis. 
Post-embolization angiograms were attained to evaluate and 
grade the technical success of embolization by visual estimation 
of tumor blush intensity reduction: 1 = <70%, 2 = 70-90%, 3 = 
>90% (74). Pre- and post-embolization angiograms are provided 
in Figure 6.  
Patients were operated in the prone position with a midline 
incision and sub periosteal exposure of the spine at the rele-
vant levels. The spine was stabilized with pedicle screws two or 
three levels above and below the affected level, pedicle screws 
connected with titanium rods and finally a decompression of 
the affected levels was performed through a wide laminecto-
my. The patients had sub facial drainage for two days. All pro-
cedures were conducted under controlled hypotensive anes-
thesia and 2 g of tranexamic acid was given preoperatively. The 
transfusion trigger was based on national guidelines recom-
mending RBC transfusion for patients with a hemoglobin con-
centration ≤4.5 mmol/L (88;89). However, in severe cardiac co-
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morbidity or ongoing severe hemorrhage transfusion is rec-
ommended at a hemoglobin concentration ≤6.0 mmol/L.  
Clinical Outcome: 
The primary outcome was intraoperative blood loss calculated 
as the volume in suction containers, measured in mL, merged 
with the weight of surgical sponges; 1 g=1 mL. Secondary out-
comes were: need for transfusion with allogenic RBC intraoper-
atively and until 48 hours postoperatively and surgery time. The 
vascularity of the metastases and the technical success of em-
bolization were evaluated by tumor blush as described above. 
All adverse events within two post-procedural days were rec-
orded. 
Statistical Analysis: 
Analyses were by intention-to-treat, but a supplemental analy-
sis including randomized patients violating inclusion criteria 
was also performed. The Independent t-test was used for com-
parison of continuous outcomes when the assumptions of 
normality and homogeneity of variance were met and the 
Mann-Whitney test when not. Categorical outcomes were 
compared using Chi-square test or Fisher’s exact test if num-
bers of expected values were less than five. A P value < .05 
(two-tailed) was considered statistically significant and effect 
sizes were stated with 95% confidence intervals (CI). SPSS soft-
ware version 20 (SPSS Inc., Chicago, Illinois) was used for all 
analyses. 

 
Figure 5: 

         

Three images illustrating the grading scale of hypervascularity.  (a) 
Tumor blush equaling no hypervascularity (grade 0). Supply to anterior 
spinal artery is present. (b) Tumor blush equaling moderate hypervascu-
larity of a metastasis (grade 2). (c) Preoperative angiogram showing 
tumor blush equaling pronounced hypervascularity of a metastasis 
(grade 3). 
 
Figure 6: 

  
Two images illustrating pre- and post-embolization tumor blush. (a) Pre-
embolization angiogram of the left L1 segmental artery. (b) Post-
embolization angiogram of the left L1 segmental artery showing a >90% 
reduction of the tumor blush. 
 
Results 
Preoperative embolization did not result in significant reduction 
of intraoperative blood loss in surgical treatment of sympto-
matic metastatic spinal cord compression. The surgery time 

was significantly less in the embolization group compared to 
the control group. Details of the results are provided in Table 3 
and Table 4. 
A subgroup analysis of moderate and pronounced hypervascu-
lar metastases revealed a significant difference (P = .041) be-
tween the embolization group 645 mL (SD, 289) and the control 
group 902 (SD, 416). The mean difference was -257 mL (95% CI: 
-502–-11). The mean intraoperative blood loss stratified accord-
ing to vascularity and allocation group revealed a significant 
main effect of vascularity (P = .007), but not of allocation group 
(P = .077). The post hoc tests revealed that mean intraoperative 
blood loss was significantly higher for pronounced hypervascu-
lar metastases (847 mL [SD, 408]) compared to non-
hypervascular metastases (443 mL [SD, 188]) with the mean 
difference -404 (95% CI: -737–-71, P = .013).  
Thirty-four of 45 metastases (76%) were hypervascular and 
pronounced hypervascularity was present in metastases from 
the following primary carcinomas: renal cell, breast, lung, head 
and neck, colon and melanoma. Complete embolization was 
feasible in 19 of the 23 patients in the embolization group. In 
three of the remaining four patients partial embolization was 
estimated to induce a 70–90% reduction of the tumor blush 
intensity and in one patient embolization was not possible due 
to already occluded spinal segmental arteries. The intraopera-
tive blood loss was above average in only one of these partial 
embolizations. Particle embolization was not possible in two 
patients: the first patient had a lesion with pronounced hyper-
vascularity, which had partial microcoil embolization with 70–
90% reduction of the tumor blush intensity (intraoperative 
blood loss 1400 mL). The second patient´s non-hypervascular 
lesion was not embolized due to occluded spinal segmental 
arteries at the level of the affected vertebra (intraoperative 
blood loss 600 mL). 
Complications: 
One patient had a post-angiographic thrombosis of the right 
common femoral artery as a complication to the closure device 
application. Thrombectomy was performed and the patient 
recovered without sequela. One particular patient experienced 
rapid deterioration of neurological function in the time period 
between embolization and surgery. An acute MRI was ob-
tained, but showed no sign of spinal ischemia or other causes 
to the neurological progression. The reason for of the impaired 
neurological function remains unclear, but it cannot be ruled 
out as a complication of embolization. 
 
Table 3:  
Primary outcome; intraoperative blood loss 
 Embolization 

group (n=23) 
Mean (SD) 

Control 
group 
(n=22) 
Mean 
(SD) 

Mean 
difference 
(95 % CI) 

P 
value 

Intraoperative 
blood loss 
(ml) 

618 (282) 736 
(415) 

-118 (-330 
- 95) 

.270 

SD=standard deviation, CI=confidence interval 
 

Table 4:  
Secondary outcomes; surgery time and need for RBC transfu-
sion 
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 Emboliza-
tion group 
(n=23) 
Median 
(range) 

Control 
group 
(n=22) 
Medi-
an  
( 
range) 

Mann- 
Whit-
ney U 

Effect 
size 
Theta  
(95 % 
CI) 

P 
val-
ue 

Sur-
gery 
time 
(min) 

90 (54-252) 124 
(80-
183) 

158.00 0.31 
(0.19
–
0.48) 

.031 

 
 Emboliza-

tion group 
(n=23) 
Number (% 
) 

Con-
trol 
group 
(n=22) 
 Num-
ber (%) 

Rela-
tive 
effect; 
OR (95 
% CI) 

Absolute 
effect; 
Risk 
differ-
ence  
(95 % CI) 

P 
val-
ue 

RBC 
trans-
fused 

2 (9) 5 (23) 3.09 
(0.53-
17.95) 

-0.27 (-
0.64-
0.10) 

.243 

Not RBC 
trans-
fused 

21 (91) 17 (77)    

SD=standard deviation, CI=confidence interval 
 
Conclusion 
In conclusion preoperative embolization in patients with symp-
tomatic spinal metastasis independent of primary tumor diag-
nosis did not reduce intraoperative blood loss and the need for 
allogenic RBC transfusion significantly, but did significantly 
reduce the surgery time. A small reduction of intraoperative 
blood loss was shown in the hypervascular metastases and it 
cannot be ruled out that this tendency could be enhanced in 
metastases of only the most pronounced hypervascularity and 
in even more extensive surgery. 76% of the spinal metastases 
were hypervascular. There is a call for an accurate non-invasive 
preoperative way to evaluate the vascularity of spinal metasta-
ses in order to select patients most likely to benefit from pre-
operative embolization. 
 
Study 3: 
For all details please see the original paper: 
 
Inter- and intra-rater agreement in the assessment of the 
vascularity of spinal metastases using digital subtraction angi-
ography (DSA) tumor blush. Caroline Clausen, Benny Dahl, 
Susanne Christiansen Frevert, Julie Lyng Forman, Michael 
Bachmann Nielsen, Lars Lönn. Acta Radiol. Acta Radi-
ol. 2017;58:734-739.  
 
Aim 
To evaluate inter- and intra-observer agreement in the assess-
ment of the vascularity of spinal metastases using digital sub-
traction angiography (DSA) tumor blush. 
 
Materials and methods  
For this reliability study we used DSA data stored in the hospital 
picture archiving and communication system (PACS) from the 

participants of study 2 (N = 48). Two patients did not have 
sufficiently factual information stored and therefore 46 pa-
tients were included in the final analysis. Three raters evaluated 
the vascularity of the symptomatic spinal metastases at the 
levels planned to undergo wide surgical decompression and 
instrumented spinal stabilization. The evaluation was based on 
DSA tumor blush and a three-step ordinal scale was used: no 
hypervascularity (equal to or less than adjacent vertebra with-
out tumor involvement), moderate or pronounced hypervascu-
larity (Figure 5). One rater evaluated the DSA images twice with 
6 weeks interval blinded to the histopathological diagnosis. The 
ordering of the patients was random at each rating.  
Digital subtraction angiography (DSA): 
The endovascular procedures were performed according to the 
study protocol. All participants underwent selective catheteri-
zation with a 5-F visceral catheter (typically Mickelson or Cobra 
shapes) and DSA of spinal segmental arteries at the level/levels 
of the affected vertebra/vertebrae as well as two levels above 
and below. Eight mL of contrast material (iodixanol, 270 mg 
iodine/mL), diluted 4:5, was injected by hand. The injection rate 
was modified by experience according to the caliber of the 
vessels supplying the metastasis.  
Statistical analysis: 
For intra-observer agreement two readings by rater A were 
compared. For inter-observer agreement the first reading by 
rater A and the readings by rater B and C were compared. 
Agreement was expressed as a single index of agreement cor-
responding to Cohen’s linear weighted κ for the ordinal scale. 
Indices were interpreted according to the recommendations of 
Landis and Koch (90): κ < 0; less than expected by chance, 0.0 < 
κ < 0.2; slight, 0.2 < κ < 0.4; fair, 0.4 < κ < 0.6; moderate, 0.6 < κ 
< 0.8; substantial, and 0.8 < κ < 1.0; almost perfect. The statisti-
cal analysis of inter-rater agreement was based on a linear 
weighted kappa’s for multiple raters described in M.J. Warrens 
(91). 95% confidence intervals (CI) were obtained from 10,000 
bootstrap samples. 
Sample size calculation: 
The choice to include the three raters and the n = 46 observa-
tions in the evaluation of inter-rater agreement was based on a 
power analysis using computer simulations from the multivari-
ate probit-model with threshold parameters matching the 
distribution obtained preliminarily for rater A and with latent 
correlation expected to yield a κ-value of 0.6. For the bootstrap 
test of the null hypothesis “κ = 0.2” the expected power of the 
study was found to be 0.96. All statistical analyses were per-
formed with R version 3.1.0 (Vienna, Austria version) (92). 
 
Results 
Both the inter- and intra-rater agreements were moderate in 
rating the vascularity of spinal metastases by DSA tumor blush 
and the agreements were significantly higher than the κ = 0.20 
in the null hypothesis (р = 0.0002 and р = 0.0001). The κ value 
for inter-rater agreement was 0.57 (95 % CI 0.41–0.72). For 
intra-rater agreement the κ value was 0.55 (95 % CI 0.38–0.71). 
The metastases were most frequently rated as moderate hy-
pervascular (48–65 %). Pronounced hypervascularity was least 
frequent (7–33 %) and no hypervascularity intermediary (20–28 
%). 
 
CONCLUSION 

https://www.ncbi.nlm.nih.gov/pubmed/27650032
https://www.ncbi.nlm.nih.gov/pubmed/27650032
https://www.ncbi.nlm.nih.gov/pubmed/27650032
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This reliability study demonstrates that there is satisfactory 
moderate inter- and intra-rater agreement in classifying the 
vascularity of spinal metastases on a three-step ordinal scale 
for DSA tumor blush. On the basis of these results we recom-
mend using rating scales of maximum three steps for DSA tu-
mor blush assessed vascularity. 
 
DISCUSSION 
Main findings 
The main findings of this thesis were: 

1. Perioperative allogenic RBC transfusions only weakly 
influenced survival after surgical treatment of symp-
tomatic spinal metastases: Transfusion of less than 5 
units did not decrease survival while transfusion of 1-
2 units was marginally associated with increased 12-
month survival. This association is in contrary to the 
majority of studies of cancer surgery and transfusion 
studies that have found perioperative RBC transfusion 
of any amount to have a negative impact on survival 
(43-45). 

2. Preoperative embolization in patients with sympto-
matic spinal metastasis independent of primary tu-
mor diagnosis did not reduce intraoperative blood 
loss and the need for allogenic RBC transfusion signif-
icantly, but did significantly reduce the surgery time. 
Preoperative embolization led to a small reduction of 
intraoperative blood loss of the hypervascular metas-
tases. As opposed to previous studies on the effect of 
preoperative embolization of spinal metastases these 
findings were demonstrated in the prospective set-
ting of a randomized controlled trial. Previous studies 
have come to conflicting conclusions (23;28;71;75-
77;81). 

3. In our study 76% of spinal metastases were hypervas-
cular in a consecutive series of patients with symp-
toms of metastatic medullary compression and spinal 
instability operated by decompression and instru-
mented spinal stabilization. This finding is in concord-
ance with retrospective studies that have indicated 
that hypervascularity is found in tumors not generally 
considered as hypervascular (26;27;30). 

4. There was a satisfactory moderate inter- and intra-
rater agreement in classifying the vascularity of spinal 
metastases on a three-step ordinal scale for DSA tu-
mor blush. To our knowledge reliability studies evalu-
ating vascularity ratings of DSA tumor blush in spinal 
metastases have not been published previously. 

 
Perioperative allogenic blood transfusion and clinical out-
comes 
Few studies have addressed the impact of perioperative allo-
genic blood transfusion in patients undergoing spine surgery, 
and to our knowledge none have specifically focused on meta-
static spine surgery. A recent study retrospectively matched 
transfused and not-transfused patients and adjusted for con-
founding factors in a cohort of 37 000 adults undergoing elec-
tive spine surgery  (43). The authors found that transfusion was 
associated with prolonged length of stay, postoperative com-
plications and an increased 30 day return to operation room. 
Another study also supports an association between allogenic 

blood transfusion and postoperative infection in lumbar spine 
surgery (44). Perioperative allogenic blood transfusion in cancer 
surgery has been investigated in recent years. A systematic 
review and meta-analysis from 2012 by Acheson et al found 
allogenic RBC transfusion to be associated with adverse clinical 
outcomes, including increased mortality in patients operated 
for colorectal cancer (41). However, controversy still remains 
regarding this issue. A recent single-center study from 2014 by 
Warschkow et al concluded that worse outcomes were associ-
ated with allogenic RBC transfusion in patients undergoing 
surgical treatment for rectal cancer (93). The impact of allogen-
ic RBC transfusion on cancer surgery in general was addressed 
by Al-Refaie et al in a large multi-center study of 38,926 pa-
tients (45). They showed that intraoperative blood transfusions 
had adverse impact on short-term operative cancer surgery 
outcomes, and the negative effect was consistent across all age 
groups and in both those with anemia and normal hematocrit 
(Hct) levels. RBC transfusion was significantly associated with 
poorer 30-day mortality when adjusted for covariates, and in 
addition: increased risk of major complications, increased num-
ber of complications and prolonged length of stay. 
Another issue of concern regarding transfusion with RBC is the 
duration of storage before use and a possible negative impact 
on morbidity and mortality (94-97). However, there is conflict-
ing evidence on this association between RBC storage duration 
and clinical outcomes and the importance of storage duration 
remains unclear (94-97). 
Blood transfusion can be a lifesaving procedure, but it has risks. 
The debate concerns the appropriate use of blood and blood 
products. Patients with spinal metastases have a disseminated 
condition and it could be argued that a more liberal transfusion 
regime is beneficial because early postoperative mobilization 
should have priority. A randomized clinical trial in this group of 
patients found that improved mobilization is one of the rele-
vant endpoints (4). Postoperative mobilization was not ad-
dressed in the above-mentioned studies of the impact of peri-
operative blood transfusion; however, there is a good 
possibility that the prolonged length of stay and increased risk 
of complications indicate delayed postoperative mobilization. 
Although preoperative risk assessment of patients with symp-
tomatic spinal metastases to a certain extend is similar to other 
surgical procedures it is well documented that short-term 
survival is limited by virtue of the disseminated condition itself 
(4;16;98). In study 1 in this thesis, perioperative allogenic RBC 
transfusion of 1-2 units was found marginally significantly asso-
ciated with increased 12-months survival and the same tenden-
cy was seen for three-month survival. This association is in 
contradiction to other studies of cancer surgery that have 
found perioperative transfusion of any amount to have a nega-
tive impact on survival (45). Studies with larger population 
numbers are desirable, giving the option of controlling or strati-
fying for additional confounders. However, an attempt to re-
duce the bias of confounding variables is a challenge in these 
types of patients. High Tokuhashi score and lower age were 
obviously found more strongly associated with survival than 
perioperative RBC transfusion in study 1 and spinal instrumen-
tation of more than five levels was more strongly associated 
with decreased survival, which agree with earlier studies 
(37;38;40). Transfusion of more than 4 units showed a tenden-
cy towards association with decreased 12-months survival. It 
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would be of interest to explore the impact of perioperative 
allogenic RBC transfusion on postoperative mobilization. This 
would ideally require a prospective study to minimize con-
founding, and information and selection bias. However, an 
unrealistic sample size might be necessary to explore this issue. 

 
Effect of preoperative embolization 
Limited medical literature with high-level evidence is available 
on the effect of preoperative embolization of spinal metasta-
ses; previous studies have been retrospective and many lack a 
proper control group. Furthermore, the surgical procedures 
vary greatly within and between previous studies. Some studies 
included patients operated by very complex techniques as 
corpectomy or decompression in combination with instru-
mented stabilization of the spine (30). In other studies patients 
only underwent simple decompression and yet other studies 
included a mixture of simple and complex surgery (30). Com-
paring results between studies is therefore difficult and reason-
able precautions must be taken. This thesis focuses on the 
effect of preoperative embolization of spinal metastases in 
patients at least 18 years old scheduled for decompression and 
posterior thoracic and/or lumbar spinal instrumentation be-
cause of symptomatic metastatic spinal cord compression 
unselected with regard to primary cancer diagnosis. In contrast 
to former studies that covered the issue, the effect of preoper-
ative embolization was explored prospectively in a randomized 
controlled setting. 
Metastases in general considered avascular have been found to 
be hypervascular relatively frequently (26;27;30) and these 
findings are supported by the results of the present study that 
found hypervascular metastases in 76% of the patients operat-
ed for metastatic spinal cord compression. Preoperative embo-
lization did not significantly reduce intraoperative blood loss. 
Furthermore, intraoperative blood loss was found to be signifi-
cantly higher for the most hypervascular metastases inde-
pendently of whether embolization was performed or not. This 
further supports the limitations of preoperative embolization in 
patients unselected with regard to primary cancer diagnosis 
and vascularity. A subgroup analysis of the hypervascular me-
tastases did however reveal a 260 mL statistically significant 
reduction of blood loss in embolized patients, although this did 
not reach our limit of 500 mL for clinical importance. It cannot 
be ruled out that a greater difference in blood loss would be 
found in a group of all pronounced hypervascularity, but such a 
subgroup analysis would have required inclusion of a greater 
number of patients.  
Among studies including spinal metastases of other origin than 
only RCC and thyroid cancer approximately half of them con-
cluded that preoperative embolization significantly reduced 
intraoperative blood loss (23;28;71;75-77;81) and the other 
half not (25-27;30;35;76). Some authors compared results with 
a non-embolized group of patients (23;28;30;71;77) and others 
compared complete and partial embolization (25-
27;35;71;75;76;81). Kato et al included 46 patients and half of 
them underwent embolization with PVA particles or gelatin 
sponge (71). The surgical procedures were similar to our study 
and the tumor histology comparable. They found a significant 
600 mL reduction of intraoperative blood loss in embolized 
patients and no difference between complete and partial em-
bolization. Schmidt et al did not find a difference in intraopera-

tive blood loss between complete and partial embolization 
either when n-butyl cyanoacrylate (Histoacryl) was used as 
embolization material (76). The 27 patients in that series also 
underwent decompression and instrumentation, but the major-
ity of the metastases were from renal cell carcinoma (RCC) and 
in the subgroup of pronounced hypervascular metastases in-
traoperative blood loss was significantly less after complete 
embolization. Similar results were found by Wilson et al who 
evaluated 100 preoperative embolization procedures per-
formed with PVA particles or gelatin sponge in combination 
with microcoils in mainly RCC metastases (35). In that study 
many patients underwent surgery without instrumentation, 
which implies a reduced risk of hemorrhage. A study by Nair et 
al on the other hand also included both surgery with or without 
instrumentation and found that complete embolization with 
PVA particles reduced intraoperative blood loss compared to 
partial embolization (75). Approximately half of the metastases 
were from RCC and thyroid cancer. Robial et al included pa-
tients, who mainly underwent decompression and instrumenta-
tion, but the most frequent primary cancers here were breast 
and lung cancers and the blood loss in these 35 patients embo-
lized with PVA microspheres was not reduced compared to 58 
non-embolized patients (30). A similar observation was report-
ed by Thiex et al when complete and partial embolizations were 
compared (27). In general there is a tendency towards finding 
significant effect of preoperative embolization in studies cover-
ing more extensive and complex surgery and studies including 
more patients with RCC (23-30;35;72;73;77;79-81). However, 
the extensiveness of surgery has been found more influential 
than tumor histology, vascularity and degree of embolization 
(25;27;30). A summary of the publications on preoperative 
embolization of spinal metastases mentioned in the discussion 
section is provided in Table 5. 
The number of spinal levels decompressed, the affected spinal 
levels and the number of levels operated on for spinal instru-
mentation did not differ between the two groups in study 2. 
Tumor distribution which also appears to influence intraopera-
tive bleeding was not registered in study 2, but an equal alloca-
tion can reasonably be expected because the study was ran-
domized (25;27;30). A meta-analysis reported a pooled 
estimate of mean blood loss of 1828 mL (95% CI: 1562–2074) in 
surgery for spinal metastasis/tumor (22). In the light of this, our 
overall mean blood loss of 676 mL (SD, 354) is low. Explanatory 
reasons could be that patients were included in our study re-
gardless of vascularity of metastases and that corpectomies 
were excluded. Furthermore, compared to very early previous 
studies major surgical procedures of the spine now include 
controlled perioperative hypotension and the use of tranexamic 
acid that minimize intraoperative blood loss (36). 
In the present study two (9%) of the patients in the emboliza-
tion group needed allogenic RBC transfusion compared to five 
(23%) in the control group, but the difference was not statisti-
cally significant. However, the sample size calculation was 
based on the primary outcome intraoperative blood loss and 
therefore it cannot be ruled out that the insignificant odds ratio 
3.09 may be of clinically significance and that a larger sample 
size would have produced statistical significance. Most other 
studies did not have RBC transfusion as an outcome measure.  
Sundaresan et al, however, retrospectively compared 15 embo-
lized versus 15 non-embolized patients with RCC metastases 
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who had total tumor-resection surgery performed and two 
versus nine patients needed RBC transfusions (80).  
Few studies comparable to ours with regard to surgical proce-
dure and primary cancer have focused on surgery time as an 
outcome measure. Two studies showed a tendency towards 
shorter surgery time in embolized patients (28;71), and one 
study found no difference (24). Guzman et al also found a ten-

dency towards shorter surgery time in a series of RCC metasta-
ses (79). We demonstrated a statistically significant and clinical-
ly relevant 34 minutes reduction of the median 124 minutes 
surgery time. Future studies should focus on surgery time and 
the need for RBC transfusion as outcome measures in addition 
to intraoperative blood loss, because intraoperative blood loss 
may be a weak barometer of clinical effectiveness (84;99). 

 
 
Table 5  Summary of studies on preoperative embolization of spinal metastases mentioned in the discussion section 
Authors Study 

design 
N N (embo-

lization) 
N – 
(control) 

Tumor 
histology 

Surgery Emboliza-
tion mate-
rial 

Effect Effect 
measure 

Complications 

Nair et al, 
2013 (75) 

Retro-
spective. 
Complete 
emboliza-
tion vs. 
partial 

19
9 

86.1% 12.7% + 
1.2% 

Metasta-
ses (RCC, 
thyroid, 
others) 

Surgical 
resection , 
with or 
without 
stabiliza-
tion 

PVA, coils, 
(liquid) 

Yes Complete 
1611 mL, 
near com-
plete 2442, 
partial 3750 
 

Groin hemato-
ma (1), cardiac 
event (1) 

Thiex et 
al, 2013 
(27) 

Retro-
spective. 
Complete 
emboliza-
tion vs. 
partial  

10
4 

57 47 Metasta-
ses, 
primary, 
benign 
(multiple 
myelo-
ma, RCC, 
others) 

Complex 
spinal 
surgery 
and stabi-
lization 

PVA, coils RCC=no, 
multiple 
myelo-
ma=no, 
oth-
ers=no 

RCC: com-
plete 2255 
ml, 299 
mL); Multi-
ple myelo-
ma: 1619 
mL, 2450 
mL; Others: 
Complete 
1650 mL, 
partial 1250 
mL 

None 

Kato et 
al, 2013 
(24) 

Retro-
spective. 
Complete 
emboliza-
tion vs. 
partial 

58 40 (me-
tastases) 

25 (me-
tastases) 

RCC, 
thyroid 

Decom-
pression 
with/with
out in-
strumen-
tation 

Gelatin 
sponge 

Yes Complete 
809 mL,  
Partial 1210 
mL 

N/A 

Ghobrial 
et al, 
2013 
(100) 

Retro-
spective 

28 28 0 Metasta-
ses (RCC, 
thyroid, 
others) 

Anterior, 
posterior 
or com-
bined 
approach 

Ethylene 
vinyl 
alcohol 
(EVOH) 

- - Wound washout 
(1), revision of 
instrumentation 
(1), thrombo-
embolic events 
(3) 

Kato et 
al, 2012 
(71) 

Retro-
spective. 
Emboliza-
tion vs. no 
emboliza-
tion 

46 23 23 Metasta-
ses (Lung, 
others) 

Decom-
pression 
and in-
strumen-
tation 

PVA, coils, 
gelatin 
sponge 

Yes Emboliza-
tion 520 
mL, no 
emboliza-
tion 1128 
mL; no 
difference 
complete 
vs. partial 

None 
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Koba-
yashi et 
al, 2012 
(25) 

Retro-
spective. 
Complete 
emboliza-
tion vs. 
partial  

62 47 15 Metasta-
ses, 
primary 
and 
benign 
(RCC, 
thyroid, 
others) 

Anterior 
or poste-
rior ap-
proach 

PVA, Tri-
acryl 
micro-
spheres 

No Complete  
2479 mL, 
partial 2786 
mL; 
Invasive-
ness of 
surgery had 
significant 
impact on 
blood loss  

Right leg paraly-
sis (1), bilat. leg 
weakness (1) 

Robial et 
al, 2012 
(30) 

Retro-
spective. 
Emboliza-
tion vs. no 
emboliza-
tion 

93 35 58 Metasta-
ses (RCC, 
breast, 
lung, 
others) 

Decom-
pression 
and in-
strumen-
tation, 
corpec-
tomy or 
vertebrec-
tomy 

PVA mi-
cro-
spheres 

No  
 

Invasive-
ness of 
surgery had 
significant 
impact on 
blood loss 

None 

Schmidt 
et al, 
2011 (76) 

Retro-
spective. 
Complete 
emboliza-
tion vs. 
partial  

27 14 13 Metasta-
ses (RCC, 
breast, 
others) 

Decom-
pression 
and in-
strumen-
tation 

PVA, N-
butyl-
cyanoacry-
late 

All=no, 
Hyper-
vascu-
lar=yes 

All: com-
plete 1790 
mL, partial 
2679 mL.  
Hypervas-
cular: 
Complete 
1220 mL, 
partial 3570 
mL 

None 

Wilson et 
al, 2010 
(35) 

Retro-
spective. 
Complete 
emboliza-
tion vs. 
partial  

10
0 
pr
oc
ed
ur
es 

49 50 Metasta-
ses, 
primary 
(RCC, 
others) 

Decom-
pression 
with/with
out in-
strumen-
tation, 
anterior 
or poste-
rior ap-
proach 

PVA, 
gelatin 
sponge, 
coils 

RCC=yes, 
oth-
ers=no 

Invasive-
ness of 
surgery had 
significant 
impact on 
blood loss 

Cerebellar in-
farction (1) 

Rehak et 
al, 2008 
(99) 

Retro-
spective. 
Emboliza-
tion vs. no 
emboliza-
tion 

15 8 7 Metasta-
ses (RCC) 

Radical 
extirpa-
tion, 
anterior 
or com-
bined 
approach 

Micropar-
ticles 

No Emboliza-
tion 4750 
mL, no 
emboliza-
tion 1786 
mL 

None 

Wirbel et 
al, 2005 
(28) 

Retro-
spective. 
Emboliza-
tion vs. no 
emboliza-
tion 

62 32 30 Metasta-
ses (RCC, 
others) 

Anterior, 
Corpec-
tomy 

Coils, PVA 
micro-
spheres 

Yes Emboliza-
tion 1650 
mL, no 
emboliza-
tion 3880 
mL 

Surgical revision 
for wound heal-
ing problems (2) 
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Guzman 
et al, 
2005 (79) 

Retro-
spective. 
Complete 
emboliza-
tion vs. 
partial 

24 22 2 Metasta-
ses (RCC) 

Anterior, 
posterior 
or com-
bined 
approach 

PVA Yes Complete 
1900 mL, 
partial 5500 
mL 

N/A 

Prabhu et 
al, 2003  

Retro-
spective. 
Complete 
emboliza-
tion vs. 
partial  

51 34 17 Metasta-
ses, 
primary 
(RCC, 
others) 

Anterior, 
posterior 
or com-
bined 
approach 

PVA, 
gelatin 
sponge, N-
butyl-
cyanoacry-
late 

No  N/A Asymptomatic 
cerebellar in-
farcts (2) 

Jackson 
et al, 
2001 (29) 

Retro-
spective. 
Emboliza-
tion vs. no 
emboliza-
tion 

79 47 32 Metasta-
ses (RCC) 

Anterior, 
posterior 
or com-
bined 
approach 

N/A No N/A Permanent 
paraplegia (1), 
quadriparesis 
(2), aortic dis-
section (1) 

Manke et 
al, 2001 
(72) 

Retro-
spective. 
Emboliza-
tion vs. no 
emboliza-
tion 

27 17 10 Metasta-
ses (RCC) 

Verte-
brectomy 
or de-
compres-
sion 

PVA Yes N/A None 

Berkefeld 
et al, 
1999 (23) 

Retro-
spective. 
Emboliza-
tion vs. no 
emboliza-
tion 

69 10 59 Metasta-
ses, 
primary, 
benign 
(RCC, 
thyroid, 
others) 

Corpec-
tomy 

PVA, 
gelatin 
sponge, 
coils 

Yes Emboliza-
tion 1800 
mL,  4350 
mL 

Paraparesis (1) 

Shi et al, 
1999 (74) 

Retro-
spective 

18 18 - Metasta-
ses, 
primary, 
heman-
gioma 

N/A PVA, 
gelatin 
sponge 

N/A N/A None 

Hess et 
al, 1997 
(77) 

Retro-
spective. 
Emboliza-
tion vs. no 
emboliza-
tion 

34 17 17 Metasta-
ses (RCC, 
thyroid, 
others) 

Tumor 
resection 
and oste-
osyntesis 
or de-
compres-
sion and 
instru-
mentation 

PVA, coils Yes Emboliza-
tion 2088 
mL,  no 
emboliza-
tion 3880 
mL 

N/A 

Olerud et 
al, 1993 
(73) 

Retro-
spective. 
Emboliza-
tion vs. no 
emboliza-
tion 

21  10 11 Metasta-
ses (RCC) 

Decom-
pression 
and in-
strumen-
tation or 
anterior 
approach 

PVA,  
gelatin 
sponge, 
particles 

Yes NA None 
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Sundares
an et al, 
1990 (80) 

Retro-
spective. 
Emboliza-
tion vs. no 
emboliza-
tion 

30 15 15 Metasta-
ses (RCC) 

Aim was 
total 
tumor 
resection 

95% ethyl 
alcohol, 
PVA 

Yes 9 vs. 2 
patients 
needed 
blood 
transfu-
sions 

Transient conus 
medullaris, 
paraparesis (1), 
numbness of 
upper extremity 
(1) 

Gellad et 
al, 1990 
(81) 

Retro-
spective. 
Complete 
emboliza-
tion vs. 
partial 

23 14 8 Metasta-
ses, 
primary 
(RCC, 
thyroid, 
others) 

Corpec-
tomy or 
laminec-
tomy 

Gelatin 
sponge, 
PVA, coils,  

Yes Complete 
1850 mL, 
partial 
3500-15000 
mL 

None 

RCC=renal cell carcinoma, PVA=polyvinyl alcohol particles, N/A=not available 
 
Choice of embolization material 
Large-scale studies of high evidence comparing embolic 
agents for preoperative embolization of spinal metastases 
have not been published. As new embolization materials have 
been developed and used for other indications, they have 
partially been applied in preoperative embolization of spinal 
metastases. 
Berkefield et al found coil-only embolization to be less effec-
tive than embolization with PVA particles or gelatin sponge 
and additional proximal embolization to these materials 
seemed without impact (23). It has however been suggested 
that the additional proximal embolization prevents revascu-
larization (27). In the literature PVA particles are predomi-
nantly used (23;25-28;30;35;71-77;79-81) followed by gelatin 
sponge (24-26;30;35;71;73;74;77;81). A number of studies 
indicate that embolization with gelatin sponge is less effec-
tive both due to the undefined size and the apparent rapid 
revascularization from adjacent collaterals and degradation 
of the material (24;73;81;101). Gelatin sponge was predomi-
nantly used in the early studies in the field. A summary of the 
publications on preoperative embolization of spinal metasta-
ses mentioned in the discussion section is provided in Table 5. 
There is not a high level of evidence for the optimal size of 
particles for embolization either. The larger the caliber of the 
vessels is in the vascular bed of the metastasis the larger the 
size of the particles has to be to occlude the vessels. Too 
small particles can potentially be washed through the metas-
tasis and cause non-target embolization (72). Kobayashi et al 
found an insignificant tendency towards larger intraoperative 
blood loss when 500 μm PVA particles or larger particles were 
used, but two other studies did not show a difference (35;72). 
Because of the retrospective nature of the studies in the field 
all comparison of methods is subject to strong selection bias. 
Metastases embolized with larger particles could represent 
different vascularity characteristics than metastases embo-
lized with smaller particles and be prone to a different risk of 
intraoperative bleeding.  
Non-spherical PVA particles vary considerably in size and it is 
suspected that this implies a greater risk of a more proximal 
embolization than when spherical particles as Tri-acryl micro-
spheres or other spherical particles are used and furthermore 
non-spherical particles are supposedly less densely packed 

(102-104). However, the smallest particles can cause non-
target embolization due to wash through the vascular bed. 
Some spherical particles, as PVA microspheres, are also more 
compressible than the irregular PVA particles and Tri-acryl 
microspheres and therefore tend to travel further distally. 
Consequently, slightly larger particles are required when they 
are used. In recent years microspheres have been used in-
creasingly (25;30;102) and Basile et al found Tri-acryl micro-
spheres to be more effective than spherical PVA particles in 
preoperative embolization of bone neoplasms, including both 
spinal and extra-spinal lesions (102). A few studies have also 
described the use of N-butyl-cyanoacrylate (26;76;100) and 
Ghobrial et al reported their institutional experience with 
ethylene vinyl alcohol (EVOH) in 16 patients and found it safe 
and effective (100). Study 2 in this thesis was not designed to 
compare different embolization materials. Embolization with 
irregular 300 μm PVA particles was first choice and proximal 
coil embolization was not used. The necessity to embolize 
with 500 μm PVA particles did not lead to greater blood loss. 
Complete embolization was infeasible in four patients includ-
ing the only three patients who were not embolized with PVA 
particles; however, only one of them had an intraoperative 
blood loss over average for the embolization group. Conse-
quently, there is no indication that the cases of possible 
suboptimal embolization technique led to a smaller differ-
ence in intraoperative blood loss between the two groups. 

 
Time between embolization and surgery 
According to the protocol, the endovascular procedures were 
to be performed 0-48 hours prior to the scheduled surgery in 
study 2 in this thesis. Seventy-eight % of the patients were 
embolized within 0−24 hours prior to the surgery, 17% 24−48 
hours before and one patient deviated from the protocol and 
was embolized 72 hours before the surgery. The mean in-
traoperative blood loss in the four patients operated 24-48 
hours after the embolization was 480 mL compared to 620 
mL for the 0−24 hours-group. However, the one patient with 
72 hours interval between embolization at surgery had a 900 
mL blood loss. Though study 2 was not designed to explore 
the impact of the timing of embolization, the tendency that 
was observed agrees with earlier studies. Anticipations re-
garding the optimal timing of preoperative embolization are 
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not well-evidenced and primarily based on theoretical con-
siderations. The time interval in study 2 was chosen on the 
basis of a study by Berkefeld et al that demonstrated reduced 
efficacy of preoperative embolization after 48 hours when 
PVA particles or gelatin sponge were used (23). Gellad et al 
found the efficacy reduced after 72 hours (81). In addition a 
difference in intraoperative blood loss was shown between 
embolization within and after 24 hours for gelatin sponge 
(24). On the contrary the same author, Kato et al, found no 
difference in intraoperative blood loss between embolization 
within 24 hours preoperatively and more than 24 hours in a 
study where both PVA particles and gelatin sponge were used 
(71). Wilson et al did not find a difference between within or 
after 48 preoperatively either for the same embolization 
materials (35). This is also supported by Schmidt et al; how-
ever, in that study N-butyl-cyanoacrylate was used for embo-
lizations (76). A summary of studies evaluating the impact of 
the time between embolization and surgery is provided in 
Table 6. 
When a relatively resorbable embolization material as gelatin 
sponge is used early revascularization is presumed to occur 
within 24 hours due to recanalization by dissolving of the 
agent and thrombus (23;76). Furthermore, revascularization 
through opening of inter segmental collaterals is expected to 
occur within 24 hours when gelatin sponge or proximal coil-
only embolization are used (23;76). For non-resorbable 
agents like PVA particles and N-butyl-cyanoacrylate revascu-
larization is presumed to require days for formation of new 
vessels (23;76). The same probably accounts for microspheres 
and ethylene vinyl alcohol (102;103). Metastases from renal 
cell and hepato-cellular carcinoma are expected to have the 
fastest and most extensive revascularization through opening 
of inter segmental collaterals (23;76;102). 

 
TABLE 6: 
Summary of studies evaluating the impact of the time be-
tween embolization and surgery. 
 N Embolization 

material 
Time 
frame 
that was 
ex-
plored 

Impact on 
intraopera-
tive blood 
loss 

Kato et 
al, 2012 
(71) 

46 PVA particles 
or gelatin 
sponge 

24 hours No 

Kato et 
al, 2013 
(24) 

58 Gelatin 
sponge 

24 hours Yes 

Berke-
feld et al, 
1999 (23) 

59 PVA particles 
or gelatin 
sponge 

48 hours Yes 

Wilson et 
al, 2010 
(35) 

10
0 

PVA particles 
or gelatin 
sponge 

48 hours No 

Schmidt 
et al, 
2011 (76) 

27 N-butyl-
cyanoacry-
late 

48 hours No 

Gellad et 
al, 1990 
(81) 

23 PVA particles 
or gelatin 
sponge 

72 hours Yes 

 

Strengths and limitations 
Study 1 has the inevitable limitations of a retrospective study 
including potential selection bias and the lacking possibility of 
adjusting for unmeasured variables. The study did however 
consist of a consecutive cohort operated within a period of 
only two years at the same tertiary referral center according 
to unchanged perioperative guidelines. To our knowledge, it 
is also the largest study focusing explicitly on blood transfu-
sion in patients operated for spinal metastases. 
Patients did not have severe anemia preoperatively and most 
likely often received blood transfusions due to significant 
intraoperative blood loss. Any potential adverse effect on 
survival could be caused by the blood transfusions as well as 
the acute blood loss. Another confounder is the possibility 
that the included patients could have received blood transfu-
sions prior to their admission or after the perioperative peri-
od we defined.  
One of the most important limitations of study 2 was that 
patients were included regardless of the vascularity of their 
metastases. This led to an inhomogeneous group which in-
creased the risk of underestimating the effect of preoperative 
embolization, because avascular metastases are less likely to 
cause substantial intraoperative blood loss (a type two error). 
However, an accurate method for evaluating vascularity of 
metastases preoperatively is lacking (26;27;65) and therefore 
the way to select solely hypervascular metastases for the 
study would have been on the basis of angiography 
(26;27;65). This would have induced selection bias through 
the subjective evaluations of patient eligibility from tumor 
blush on angiograms. On the other hand, hypervascularity is 
often found in tumors not generally considered as hypervas-
cular (27;30;35;71;75;76;84) and therefore a randomized trial 
exploring the utility of preoperative embolization in patients 
with symptomatic spinal metastasis independent of the pri-
mary tumor diagnosis provide important knowledge regard-
ing oncological spine surgery. 
Study 2 also has the important strengths of a pre-registered 
single blind, randomized, controlled, parallel-group trial 
conducted as a single-center study according to the Consort 
Statement (105). Perioperative guidelines were uniform and 
all patients were included within a period of two years. All 
the included patients were operated with wide laminectomy 
in combination with and posterior thoracic, lumbar, or thora-
columbar instrumented stabilization of the spine for symp-
tomatic metastatic spinal cord compression. Preoperative 
embolization was performed according to a study protocol 
and all patients were treated by the same experienced team 
of spine surgeons and interventional radiologists to avoid the 
influence of a learning curve. 
The trial was terminated at the scheduled date of closure, but 
before the planned sample size was reached. This reason for 
termination was independent of trial findings and thus unlike-
ly to have introduced bias and; furthermore, the power of the 
study was sufficient except for in the sub-analysis of the 
hypervascular metastases. The study period was only two 
years, which minimized the risk of changes in surgical meth-
ods and indications. The inclusion rate was low due to logistic 
obstacles in coordination of participation and endovascular 
procedures in the narrow timeframe acceptable in patients 
requiring acute surgery. However, included and not-included 
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eligible patients did not differ with respect to baseline pa-
rameters. 
The most important limit of study 3 in this thesis was that the 
DSA tumor blush was evaluated on images stored in PACS. 
Ideally, the tumor blush should have been evaluated in real 
time by all three raters, which would probably improve the 
reliability of the assessment. However, this was not practical-
ly possible. In real time evaluations the radiologist has the 
non-stored fluoroscopy available, and furthermore, real time 
evaluation facilitates distinction of other anatomic structures 
overlaying the metastases, e.g. bowel. The stored data were 
selected at the discretion of the investigators on call and 
individually post processed. The structure of the post pro-
cessing might therefore differ from the rater’s preferences. In 
addition to impeding the evaluation of the vascularity, this 
could also have introduced bias. Another potential source of 
bias is that injection rates, volumes and iodine concentrations 
were not strictly consistent, given that pump injections are 
not applicable in spinal segmental arteries. The above-
mentioned considerations most likely caused a decrease of 
the κ values. Bias potentially increasing κ values was mini-
mized by having six weeks interval between evaluations by 
the same rater and by blinding from previous ratings. Fur-
thermore, the order of the patients was different at each 
rating. The relatively large difference in prevalence could 
predispose the raters to diagnose moderate hypervascularity 
more frequently than pronounced when in doubt. Further-
more, chance agreement is increased when categories are 
not equally frequent and thereby κ values are reduced. Co-
hen’s weighted kappa with quadratic weights is often used, 
but quadratically weighted kappa tends to increase as the 
number of categories increases. This we avoided by basing 
the statistical analysis on the linear weighted kappa’s for 
multiple raters that extend Cohen’s (91).  
 
When is preoperative embolization indicated? 
The controversy of the effect of preoperative embolization 
complicates a risk/benefit analyses as part of the decision on 
whether preoperative embolization is indicated. The majority 
of studies on the effect of preoperative embolization of spinal 
metastases from renal cell and thyroid carcinoma concluded 
that a beneficial effect was observed and intraoperative 
blood loss decreased (23;24;28;35;72;73;75;77;79-81). How-
ever, agreement does not exist. With regard to metastases 
from other primary cancers the controversy is even more 
distinct. Here approximately half of the studies found pre-
operative embolization to reduce intraoperative blood loss 
(23;28;71;75-77;81). Study 2 in this thesis was not designed 
to evaluate the effect on metastases from renal cell and 
thyroid carcinoma exclusively, but the effect regardless of the 
primary cancer, and supports that intraoperative blood loss is 
not reduced. However, the findings also indicate that pre-
operative embolization does have the beneficial effect that 
surgery time is reduced. Furthermore, there was a small 
reduction of intraoperative blood loss in the subgroup of 
hypervascular metastases; still unselected with regard to 
primary cancer, and it appears that approximately 75% of 
symptomatic metastases that causes instability are hypervas-
cular. These findings support that preoperative embolization 
should be considered regardless the primary cancer diagnosis 
if MRI suggests hypervascularity. Because the negative pre-

dictive value of MRI is low an accurate preoperative solution 
to evaluate the vascularity of spinal metastases in order to 
select patients most likely to benefit from preoperative em-
bolization is warranted. Using DSA is not ideal due to the 
invasiveness and time consumption of the procedure. How-
ever, as long as a less invasive possibility is lacking, metasta-
ses from renal cell and thyroid carcinoma should undergo 
preoperative angiography if complex surgery is planned and 
continue to embolization if hypervascular. It has been argued 
that metastases from multiple myeloma and melanoma are 
nonamenable to embolization because the blood supply 
predominantly comes from the capillary network and not 
segmental feeder arteries (26). On the contrary Thiex et al 
found a high vascularity in these metastases and in study 2 
the two metastases from melanoma were hypervascular (27). 
As discussed in the section: effect of preoperative emboliza-
tion, the invasiveness of the surgical procedure and the vol-
ume and location of the metastasis should also be taken into 
account when deciding whether preoperative embolization is 
indicated (25;27;30;100). This issue was not addressed in the 
studies in this thesis. 
Study 1 in this thesis supports that transfusion of less than 5 
units does not decrease survival and that transfusion of 1-2 
units may even be associated with increased 12-month sur-
vival. These findings are in favor of limiting the use of pre-
operative embolization of spinal metastases as a tool for 
reducing the intraoperative blood loss. 
 
CONCLUDING REMARKS 
The findings of this thesis demonstrate that preoperative 
embolization in patients with symptomatic spinal metastasis 
independent of primary tumor diagnosis does not reduce 
intraoperative blood loss and the need for allogenic RBC 
transfusion significantly, but does reduce the surgery time. 
However, a small reduction of intraoperative blood loss was 
observed in the hypervascular metastases. This tendency 
could be underestimated because of the study design and 
furthermore the tendency may be enhanced in metastases of 
only the most pronounced hypervascularity. 
The findings furthermore support that perioperative blood 
transfusion of less than 5 units does not decrease survival in 
patients operated for spinal metastases and transfusion of 1-
2 units seems to be weakly associated with increased 12-
month survival. 
It was demonstrated that approximately 75% of spinal metas-
tases are hypervascular in a consecutive series of patients 
with symptoms of metastatic medullary compression and 
spinal instability operated by decompression and instrument-
ed spinal stabilization. In addition the findings show that 
there is satisfactory moderate inter- and intra-rater agree-
ment in classifying the vascularity of spinal metastases on a 
three-step ordinal scale for DSA tumor blush. Nevertheless, 
there is a call for an accurate non-invasive preoperative way 
to evaluate the vascularity of spinal metastases in order to 
select patients most likely to benefit from preoperative em-
bolization. 
 
FUTURE PERSPECTIVES  
An accurate, preferably non-invasive, preoperative solution 
to evaluate the vascularity of spinal metastases in order to 
select patients for preoperative embolization would be ideal. 
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A pilot study by Mazura et al addressed this topic and report-
ed the efficacy of measuring vascularity of spinal metastases 
prior to preoperative embolization in ten patients using dy-
namic contrast-enhanced MRI perfusion. This MRI technique 
was significantly correlated with DSA evaluations (66). Fur-
ther investigation in larger scale is necessary to determine 
the role of this MRI technique in patient selection for pre-
operative embolization. Another potential image modality for 
this purpose is dynamic contrast enhanced CT (DCE-CT). 
However, MRI has the advantage of an element already part 
of the workup in symptomatic metastatic spinal cord com-
pression. 
Future studies focusing on the effect of preoperative emboli-
zation need to overcome the challenges of fulfilling both the 
demand of a prospective design and sufficient power to 
explore the effect in pronounced hypervascular metastases 
exclusively. This would require a multi-center study to avoid a 
long inclusion period. Furthermore, future studies should 
focus on surgery time and the need for RBC transfusion as 
outcome measures in addition to intraoperative blood loss, 
because intraoperative blood loss may be a weak barometer 
of clinical effectiveness 
The role of the choice of embolization material in preopera-
tive embolization is not well explored yet and constitutes a 
potential issue for future studies as does the optimal time 
frame between embolization and surgery. In addition to 
preoperative embolization future initiatives to reduce in-
traoperative blood loos in metastatic spine surgery will prob-
ably include percutaneous instrumentation of the spine and 
possibly the use of intraoperative cell salvage combined with 
a leucocyte depletion filter - to remove tumor cells from the 
salvaged blood. 
Postoperative infection and wound healing problems can 
complicate the postoperative period after metastatic spine 
surgery. Embolization could potentially constitute an un-
known degree of distal non-target embolization and it could 
be speculated that this relative ischemia could possibly com-
promise the healing process. Therefore a study focusing on 
embolization as a risk factor for wound healing problems 
would be of interest. 
 
SUMMARY  
An increasing number of patients develop symptomatic spinal 
metastasis and increasing evidence supports the benefit of 
surgical decompression and spinal stabilization combined 
with radiation therapy. However, surgery for metastatic 
spinal disease is known to be associated with a risk of sub-
stantial intraoperative blood loss and perioperative allogenic 
blood transfusion. Anemia is known to increase morbidity 
and mortality in patients undergoing surgery, but studies also 
indicate that transfusion with allogenic red blood cells (RBC) 
may lead to worse outcomes. To reduce intraoperative bleed-
ing preoperative embolization has been used in selected 
cases suspected for hypervascular spinal metastases, but no 
randomized trial has examined the effect. The final decision 
on whether preoperative embolization should be performed 
is based on the preoperative digital subtraction angiography 
(DSA) tumor blush, and as such considered the “gold stand-
ard” for determining the vascularity of spinal metastases. 
Reliability studies evaluating vascularity ratings of DSA tumor 
blush have not been published before. 

This PhD thesis is based on three studies with the following 
aims: 

I. To assess whether perioperative allogenic blood 
transfusions in patients undergoing surgical treat-
ment for spinal metastases independently influence 
patient survival (Study 1). 

II. To assess whether preoperative transcatheter arte-
rial embolization of spinal metastases reduces 
blood loss, the need for transfusion with allogenic 
RBC and surgery time in the surgical treatment of 
patients with symptomatic metastatic spinal cord 
compression (Study 2). 

III. To describe the vascularity of metastasis causing 
spinal cord compression (Study 2). 

IV. To evaluate inter- and intra-observer agreement in 
the assessment of the vascularity of spinal metasta-
ses using DSA tumor blush (Study 3). 

In conclusion the findings of this thesis demonstrate that 
preoperative embolization in patients with symptomatic 
spinal metastasis independent of primary tumor diagnosis 
does not reduce intraoperative blood loss and the need for 
allogenic RBC transfusion significantly, but does reduce the 
surgery time. However, a small reduction of intraoperative 
blood loss was observed in the hypervascular metastases. 
This tendency could be underestimated because of the study 
design and furthermore the tendency may be enhanced in 
metastases of only the most pronounced hypervascularity. 
The findings furthermore support that perioperative blood 
transfusion of less than 5 units does not decrease survival in 
patients operated for spinal metastases and transfusion of 1-
2 units seems to be weakly associated with increased 12-
month survival. 
It was demonstrated that approximately 75% of spinal metas-
tases are hypervascular in a consecutive series of patients 
with symptoms of metastatic medullary compression and 
spinal instability operated by decompression and instrument-
ed spinal stabilization. In addition the findings show that 
there is satisfactory moderate inter- and intra-rater agree-
ment in classifying the vascularity of spinal metastases on a 
three-step ordinal scale for DSA tumor blush. Nevertheless, 
there is a call for an accurate preoperative way to evaluate 
the vascularity of spinal metastases in order to select patients 
most likely to benefit from preoperative embolization. 
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