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  Study Design.   Prospective, parallel-group, controlled, comparative 
randomized study. 
   Objective.   To compare cement leakage rate and effi cacy for 
vertebral body restoration of balloon kyphoplasty (BK)  versus  Kiva 
novel implant with polymethylmethacrylate (PMMA) for treating 
osteolytic vertebral body metastasis. 
   Summary of Background Data.   Minimally invasively vertebral 
augmentation techniques with PMMA are mostly performed for 
treating osteoporotic compression fractures. The Kiva implant with 
PMMA offers better vertebral body restoration and less PMMA 
leakage than BK in osteoporotic fractures. No previous study 
compared leakage rate and effi cacy for vertebral body restoration 
in traditional BK and Kiva with PMMA in osteolytic vertebral body 
metastases. 
   Methods.   This study examined 23 patients (71  ±  13 yr) with 41 
osteolytic vertebral bodies, who received Kiva with low viscosity 
PMMA and 24 patients (70  ±  11 yr) with 43 vertebral body 
osteolyses, who were reinforced with BK and high viscosity PMMA. 
All osteolyses were graded as Tomita 1 to 3. Anterior vertebral body 
height ratio (AVBHr), posterior vertebral body height ratio (PVBHr), 
and middle vertebral body height ratio (MVBHr), Gardner kyphotic 
deformity, PMMA leakage and were measured and compared 
between the groups. Visual analogue scale and Oswestry Disability 
Index were used for functional outcome evaluation. 
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  Patients who experience osteolytic spinal metastases 
are subjected to signifi cant mortality and morbidity 
and claim for intractable axial pain, which is mostly 

of mechanical origin. 1  –  7  Epidural spine compression and/or 
nerve root compression may furthermore increase pain sever-
ity and deteriorate neurological function. 8  –  10  

 Because of the fragility and comorbidities associated with 
patients with cancer, the surgical risk is high and open surgery 
is reserved only for cases with neurological involvement. Spine 
surgery for vertebral osteolytic metastasis is often demanding 
and thus management of symptomatic metastatic spine dis-
ease is fundamentally palliative. Spinal surgical staging 11  ,  12  is 
needed to map the extent of local disease. The Tomita  et al  12  
staging system accommodates lesions at multiple levels and is 
more applicable to spinal metastases. 

 The most common diagnoses for surgical management 
of spinal metastases are neurological compression, spinal 

   Results.   No patient survived after 3 months. Asymptomatic PMMA 
leakage occurred in 4 (9.3%) vertebrae in the BK group solely (2 to the 
spinal canal, in Tomita grade 3 osteolysis) Anterior, posterior and middle 
vertebral body height ratio, Gardner angle improved insignifi cantly 
in both groups. Visual anlogue scale and Oswestry Disability Index 
improved postoperatively similarly in both groups ( P   <  0.001). 
   Conclusion.   BK and Kiva provided equally signifi cant spinal pain 
relief in patients with cancer with osteolytic metastasis. The absence 
of cement leakage in the Kiva group and absence of neurological 
complication in the BK group leakages refl ects the safety of both 
augmentation techniques even in signifi cant osteolysis. The lack of 
cement leakage in the Kiva cases, although low viscosity PMMA was 
used, increases this implant safety in augmenting severely destructed 
thoracolumbar vertebrae and sacrum from osteolytic metastasis. 
   Key words:   metastatic  ,   osteolytic  ,   fractures  ,   Kiva  ,   polymethyl-
methacrylate  ,   balloon kyphoplasty  ,   leakage  . 
  Level of Evidence:  1 
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instability, including pathological vertebral fracture, and unre-
lenting pain. 

 Historically, laminectomy was used to manage spinal 
metastases, however, because the location of metastasis 
is usually anterior, such a decompression destabilizes the 
spine and may deteriorate the already impaired neurological 
function. 13  ,  14  In contrary, although most metastatic lesions are 
anteriorly based, this does not necessarily dictate an anterior 
approach for decompression, particularly in patients with 
increased morbidity and lung involvement ( e.g. , lung cancer, 
lung metastases,  etc. ). Resection of isolated vertebral metas-
tasis is indicated in few kinds of tumors (thyroid cancer, 
hypernephroma,  etc. ). Thus, most patients who are treated 
surgically for metastatic disease undergo intralesional tumor 
resection to provide neurological decompression and local 
stabilization. Decompressive surgery followed by radiother-
apy was shown to be superior to those following radiotherapy 
alone, 14  ,  15  but it is technically demanding and is associated 
with a high rate of morbidity. 

 Besides traditional open procedures to treat spinal metas-
tasis, the minimal invasive spine (MIS) procedures, vertebro-
plasty (VP), and balloon kyphoplasty (BK), were introduced 
to restore and stabilize vertebral osteoporotic fractures and 
osteolytic metastases. 16  ,  17  These MIS procedures have been 
shown to be effi cacious, providing rapid pain relief, reduced 
need for pain medication, improvement of functional disabil-
ity, and enhanced health-related quality of life. 

 However, several complications have been associated with 
VP and BK. Bone cement leakage, particularly to the spinal 
canal, is 1 disastrous complication associated with VP and 
less commonly with BK. 18  –  21  Bone cement leakage becomes a 
highly potential complication in the presence of severe verte-
bral body destruction from osteolytic metastases. 

 There is only level III evidence 4  ,  22  that BK and Kiva are 
well-tolerated, relatively safe, and effective techniques to pro-
vide early pain relief and improved functional outcomes in 
patients with painful neoplastic spinal fractures. BK also pro-
vided long-term benefi ts in terms of pain and disability. 16  ,  23  –  29  

 A systematic review 21  identifi ed that only about 2% of BK 
outcome data had been collected in patients with metastatic 
vertebral fractures. Furthermore, these data were frequently 
collected in small number metastatic lesions in mixed case series 
where osteoporosis was the dominant indication with short-
term follow-up. 21  Kiva implant is a novel minimal invasively 
percutaneous vertebral augmentation technique that has been 
recently introduced and successfully used to reduce cement 
leakage in osteoporotic and metastatic vertebral fractures. 22  

 Mention should be made to the fact that, at this time, there 
is an evident lack of studies comparing BK with other nonin-
vasive interventions ( e.g. , Kiva) in the treatment of symptom-
atic osteolytic spinal disease. 

 The null hypotheses of this study were that (1) both Kiva 
and BK can immediately postoperatively equally restore sagit-
tal vertebral body heights and Gardner segmental kyphotic 
deformity; (2) intraoperative cement leakage rate in BK is 
similar to that in Kiva when treating osteolytic vertebral body 
metastasis; and (3) immediately postoperative short-term 

functional outcomes (pain, Oswestry Disability Index [ODI]) 
after vertebral augmentation are similar in both BK and Kiva 
groups.  

 MATERIALS AND METHODS 
 We performed a prospective, parallel-group, controlled com-
parative randomized study ( Figure 1 ) in patients with verte-
bral metastatic osteolyses, who randomly received in the same 
period 2 different vertebral MIS augmentation techniques, in 
1 institution by the same senior orthopedic spine surgeon.   

 Patient Selection 
 In the authors’ institution, which is a tertiary regional spine 
center, 50 consecutive patients with end stage disease with 
evidence (history, imaging evidences, and biopsy) for pain-
ful osteolytic vertebral metastases in 1 to 5 vertebral bodies, 
were randomized to receive either percutaneous BK or Kiva 
with polymethylmethacrylate (PMMA) as “stand alone” 
“palliative” surgery in the period from March 2010 and 
March 2012 ( Figure 1 ). In addition to vertebral metastases, 
all patients showed metastases in the axial skeleton and vis-
ceral metastases. Exclusion criteria were: signifi cant spinal 
deformity ( e.g. , idiopathic, adult scoliosis), previous spinal 
operation, spinal infection, spinal canal compromise due to 
epidural disease associated/not with neurological impairment, 
vertebral osteolysis Tomita grade 12  more than 3 (high poten-
tial for cement leakage), radiculopathy, Tomita prognostic 12  

  Figure 1.    Patient allocation fl ow chart. VAS indicates visual analogue 
scale; ODI, Oswestry Disability Index; BK, balloon kyphoplasty.  
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  Figure 2.    Spinal level distribution of osteolytic metastasis plotted as 
Kiva  vs . balloon kyphoplasty. BK indicates balloon kyphoplasty.  

score less than 6, and/or uncorrected coagulopathy. Not the 
erosion of the posterior vertebral body wall, but the simulta-
neous infi ltration of the posterior vertebral body cortex by the 
tumor with extension into the spinal canal was contraindica-
tion for vertebral augmentation. Patients, who were treated 
combined with vertebral augmentation plus spinal instrumen-
tation for signifi cant angular deformity caused by metastasis 
( > 75%) were excluded. Thus, patients with signifi cant ver-
tebral wedge deformities due to osteolytic vertebral fractures 
were not included in this study. Patients were included in this 
prospective series if they have experienced: severe back pain 
refractory or potential of further vertebral deformation and 
danger for neurological lesion caused by vertebral lesions sec-
ondary to osteolytic metastases. 

 From the 50 consecutive patients, who were initially 
enrolled for this study ( Figure 1 ), 3 patients, were excluded 
for meeting the above-mentioned exclusion criteria. Forty-
seven patients with similar anthropometric characteristics 
were eligible and fi nally included in the study. 

 On admission, all patients underwent digital anteroposte-
rior and lateral radiograph of the whole spine. The patients, 
who were enrolled in this study had history of malignancy 
(colon, breast, and lung) and evidence for osteolytic spinal 
metastasis and underwent whole body technetium bone scin-
tigraphy, head and spinal spiral computed tomographic (CT) 
scan to disclose all possible areas of metastasis and to detect 
further asymptomatic lesions. 

 Twenty-three patients (10 males, 13 females), aged 71 
 ±  13 years, with 41 osteolytic vertebral body metastasis, 
were allocated to received Kiva and 24 patients (11 males, 
13 females), aged 70  ±  11 years with 43 osteolytic vertebral 
body metastasis, were allocated to receive BK. Eighty-four 
vertebral and sacral osteolyses were included (67 vertebral 
body and 9 sacral) ( Figure 2 ,  3 ). All procedures in 84 verte-
brae were performed in a total of 47 sessions.     

 The diagnosis of bone metastasis had been defi nitively 
secured intraoperatively with transpedicular bone biopsy 
(Balex; Taeyeon Medical Co, Ltd, Incheon, Korea). The pri-
mary tumor for the Kiva group patients was lung carcinoma 
in 6 cases, colon carcinoma in 9 cases, and breast carcinoma 
in 8 cases. For the BK-group patients, lung carcinoma was 
the cause of metastasis in 7 cases, colon carcinoma in 9 cases, 
and breast carcinoma in 8 cases. CT scans of the fractured 

vertebra/-e was/were digitally (E-fi lm; Merge Healthcare, Chi-
cago, IL) evaluated by 2 experienced orthopedic radiologists 
and graded according to Tomita  et al  12  for vertebral body wall 
integrity. 

 Radiographical and functional outcome was evaluated 
1 month postoperatively in all patients. On admission the 
Tomita  et al  12  prognostic score was recorded in all patients. 
For the Kiva-group patients the preoperative Tomita prog-
nostic score was 6.95  ±  0.88 (range, 6–8), whereas in the 
BK group it averaged 7.04  ±  0.88 (range, 6–8). All patients 
were neurological intact on admission. Because the aim of this 
study was to compare the immediate effects and surgical com-
plications of vertebral augmentation between Kiva and BK, 
no longer follow-up observation was performed.   

 Patient-Related Outcome Measures 
 Outcomes were assessed prior to surgery, and 1 month post-
operatively. Back pain was assessed using a 10-point visual 
analogue scale (VAS) where a score of zero indicated “no 
pain” and a score of 10 indicated “severe pain”. 10  Functional 
capacity was assessed using the ODI. 30    

 Radiographical Parameters 
 Radiographical evaluation including standing anteroposterior 
and lateral plain roentgenograms of the spine plus CT scans 
with sagittal 2-dimensional reconstruction of augmented 
vertebrae were performed preoperatively and 1 month after 
surgery. The CT scan was performed in a multidetector spi-
ral CT 16 row (Light Speed Pro 16; GE, Milwaukee, WI). 
The slice thickness was 2.5 mm with a bone algorithm. Mag-
netic resonance imaging was performed in about 50% of the 
cases magnetic resonance imaging (Signa 1.5 T; GE) scanning 
included T1 and T2 sequences; 0.2 mg/kg body weight para-
magnetic contrast agent (Magnevist; Schering, Berlin, Ger-
many) was used. 

 Changes in anterior vertebral body height, posterior ver-
tebral body height, and middle vertebral body height and 
degree of segmental vertebral kyphosis angle were measured 
in lateral radiographs by caliper in the digital system (E-fi lm; 
Merge Healthcare). The anterior, posterior and midvertebral 
height ratio were defi ned as the distance between the upper 
and lower endplates at the anterior and posterior vertebral 
wall and in the center of the vertebra, respectively ( Figure 4 ). 

  Figure 3.    Number of levels augmented by each technique (Kiva  vs . 
balloon kyphoplasty). BK indicates balloon kyphoplasty.  
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  Figure 4.    Radiological measurements.  a , AVBHr  =  a/[(a′  +  a′′)/2].  b , 
PVBHr  =  b/[(b′  +  b′′)/2].  c , MVBHr  =  c/[(c′  +  c′′)/2].  d , Gardner 
angle. AVBHr indicates anterior vertebral body height ratio; PVBHr, 
posterior vertebral body height ratio; MVBHr, middle vertebral body 
height ratio.  

The “normal” heights for the anterior vertebral wall and mid-
vertebral region were considered as the sum of the measure-
ment of the corresponding heights of the adjacent superior 
and inferior nearest nonfractured vertebrae divided by 2. Two 
independent assessors evaluated radiological changes pre- 
to postoperation. Cement leakages were evaluated on plain 
postoperative roentgenograms and detailed CT scans.    

 Interventions 
 All surgical procedures were done with informed consent 
from the patients. The patients were placed in the prone 
position on a AcroMed frame (DePuy Spine Inc., Raynham, 
MA). Both Kiva and BK augmentations were performed 
under biplane fl uoroscopy in the operating theater and 
under general anesthesia and continuous neuromonitoring. 

Biopsy was routinely obtained from all affected vertebrae, 
in all patients even when the diagnosis was preoperatively 
known, prior to augmentation with either BK or Kiva. The 
spine surgeon, who performed all surgical procedures, was 
unaware of the augmentation method to be used and only at 
the operation table was he informed about the method to be 
used, resulted from randomization. The hospital stay was 24 
hours. Patients were mobilized as soon as they tolerated with 
a light body brace.   

 Kiva Procedure 
 Kiva is a relatively novel percutaneous unilateral vertebral 
augmentation implant (Kiva VCF Treatment System; Benv-
enue Medical, Santa Clara, CA) ( Figure 5 ). 22  The Kiva System 
is a single-use device in which an external delivery handle is 
used to deploy the Kiva implant over a nitinol coil guidewire.  

 The coil is fi rst advanced through the deployment can-
nula and into the cancellous portion of the vertebral body 
using an external handle. The Kiva implant, which comprises 
PEEK-OPTIMA (Invibio Inc., West Conshohocken, PA) and 
loaded with 15% barium sulfate to enhance visibility under 
fl uoroscopy, is incrementally advanced over the coil to form 
a nesting, cylindrical column with an in situ outer diameter 
of 20 mm. Kiva implant should be delivered between ante-
rior and middle third of the vertebral body. Up to 4 loops 
of the implant may be inserted into the vertebral body for 
a maximum coil stack height of 12 mm, which re-elevates 
the endplate, thereby providing the desired vertebral fracture 
reduction. After the coil is retracted, low viscosity radiopaque 
PMMA cement (Tecres, Verona, Italy) is injected through the 
lumen of the polyetheretherketone (PEEK) implant, thereby 
interlocking the implant to the cancellous bone of the through 
the osteolysis destructed vertebral body. The manufacturer’s 
instructions are that PMMA should be injected unilaterally 
close to the anterior two-thirds of the vertebral body through 
a 1.1-mm thick, 14-cm long delivery needle directly into the 
PEEK implant. PEEK implant after its implantation, forms 
a nesting, cylindrical column and through the internal small 
holes enables low viscosity PMMA to fl ow into the hollow 
PEEK cylindrical column and not outside.   

 Figure 5.     A , Lateral CT scan of 77-year-old female with colon cancer, severe distraction of L1 vertebral body.  B , Lateral roentgenogram after 
Kiva with PMMA.  C , Preoperative axial CT at L1 disclosing violation at posterior wall.  D , Postoperative axial CT disclosing excellent PMMA 
containment and PEEK-PMMA column construction between anterior and middle column. PMMA indicates polymethylmethacrylate; PEEK, 
polyetheretherketone; CT, computed tomography.  
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 Balloon Kyphoplasty Procedure 
 The Balex (Taeyeon Medical Co, Ltd) device and technique 
is very similar to the traditional BK (Kyphon; Medtronic, 
Inc., Sunnyvale, CA) ( Figure 6 ). K-wires of 2-mm diameter 
are inserted through both pedicles of the damaged vertebra). 
Then, a cannula was inserted into the pedicle with cement 
fi ller and pusher. The position of the cannula was continu-
ously controlled in both planes. Then, an expander is inserted 
bilaterally and infl ated. After creation of the desired void, 
PMMA (Osteopal V, Spinal column stabilization; Heraeus 
Medical GmbH, Hanau, Germany) that is a high-viscosity 
bone cement is slowly injected after removal of the Expander. 
In the case of severe cortex destruction, the “egg shell” tech-
nique was used to reduce PMMA leakage. 25   

 The Balex (Taeyeon Medical Co, Ltd) expander balloons 
should ideally be centered between the endplates in the ante-
rior two-thirds of the vertebral body. Infl ation of BK balloons 
was stopped when 1 of the endpoints of infl ation was reached: 
the pressure raised over 300 ψ, the balloon contacted the cor-
tical wall of the vertebra or the maximal infl ation volume of 
the balloon was reached. The mean balloon infl ation volume 
was 4.1 mL (range, 1.3–5.5 mL). All patients in both groups 
were treated with the same preoperative assessment and post-
operative protocol and were mobilized 1 day postoperatively.   

 Operative Details 
 The BK procedure took on average 12 (8–16) minutes for 
each vertebra, whereas it was 7 (5–10) minutes in the Kiva 
group. 

 Radiographical control including anteroposterior and lat-
eral standing roentgenograms of the whole spine were made 
on the fi rst postoperative day. Analgesia was adapted to the 
severity of the back pain. When advised by oncologists, onco-
logical treatment (radiation therapy and/or chemotherapy) 
was started 2 to 4 weeks postintervention.   

 Statistical Analysis 
 Block randomization with random block size was used 
(nQuery; Statsol, Cork, Ireland) for the purpose of this pro-
spective randomized study 31 . The paired and unpaired  t  tests 
were used to compare changes of the same group or between 
different groups respectively with parametric values. The 
 χ  2  test was used for nonparametric comparisons. Pearson 

correlation coeffi cient ( r ) was used for correlations between 
different parameters. As the lowest level of signifi cance for 
the paired and unpaired  t  tests and the  χ  2  test was consid-
ered,  P  value was less than 0.05. Pearson correlation coef-
fi cient  r   >  0.45 was considered as signifi cant at the  P  value 
level less than 0.001. VAS improvement of more than 5 
points on the 0 to 10 scale and ODI score more than 25 
points on the 0 to 100 scale were considered as a signifi cant 
improvement.   

 Tomita Prognostic Score and Functional Results 
 All patients showed a preoperative Tomita prognostic score 
between 6 and 7. Patient-related outcomes in BK- and Kiva-
treated patients exhibited a marked improvement of back 
pain in all 47 patients of both groups: VAS improved from 
an average  ±  standard deviation of 8.3  ±  3.2 and 8.1  ±  4 
preoperatively to 3.2  ±  2 and 3.0  ±  2.5 postoperatively in 
Kiva and BK, respectively (both groups  P   <  0.001). ODI 
improved postoperatively from 81  ±  7 and 79  ±  8 to 38  ±  8 
and 37  ±  9 in Kiva and BK, respectively postoperatively (both 
groups  P   <  0.001).   

 Radiographical Results 
 Fifty percent of the vertebral augmentations with either Kiva 
or BK technique involved the levels L2 to L5 ( Figure 2 ). 
Twenty-one patients (51%) of the Kiva group and 20 patients 
(47%) of BK group received single-level augmentation, 
whereas the remaining patients received 2 to 5 level augmen-
tations ( Figure 3 ). 

 For technical reasons, there was no case with Kiva aug-
mentation above T11, whereas no case with BK augmentation 
below L5 vertebra. Kiva was implanted in sacrum because of 
severe osteolysis (Tomita 3). Inter- and intrarater agreement 
for preoperative and postoperative roentgenographic data 
was high ( κ , 0.98–1.00). 

 Preoperative baseline values of anterior vertebral body 
height ratio, middle vertebral body height ratio, and posterior 
vertebral body height ratio and wedge vertebral angle did not 
differ between the 2 groups ( Table 1 ).  

 Anterior vertebral body height ratio and posterior vertebral 
body height ratio values increased, although insignifi cantly 
postoperatively equally in both groups ( Table 1 ). However, 
MVBHr increased statistically marginally ( P   =  0.07) in the 

  Figure 6.     A , Lateral standing roentgenogram of 
81-year-old female with osteolyses L1–L5 vertebrae 
(Tomita 3).  B , Lateral standing roentgenogram after 
balloon kyphoplasty.  C , Postoperative axial CT dis-
closing suffi cient PMMA containment. PMMA indi-
cates polymethylmethacrylate; CT, computed tomog-
raphy.  
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Kiva group. No signifi cant change was seen in kyphosis Gard-
ner angle pre- to postoperatively in both groups ( Table 1 ).   

 Complications 
 Neither general nor surgical complications (death, neurologi-
cal, embolic, or cardiovascular complications) were observed 
in any patient in both groups in the early perioperative period. 
PMMA cement leakage was radiologically (plain roentgeno-
grams, CT scans) recorded in 4/43 (9.3%) augmented with 
BK vertebral bodies; in 1 vertebra PMMA leaked anteriorly 
( Figure 7 ); in 1 case to the adjacent disc; and in the remain-
ing 2 cases posteriorly to the spinal canal without associated 
neurological impairment ( Figure 7 ).  

 All 4 leakages occurred in vertebral body with osteolyses 
Tomita grades 3.

Although low viscosity cement was used in the Kiva group 
no leakage occurred in the vertebrae augmented with Kiva 
implant.    

 DISCUSSION 
 Spinal metastasis occurs in 5% to 30% of patients with can-
cer and metastatic epidural spinal cord compression affects 
about 20% of these patients. 31  –  37  

 Metastasis to the spine, can result in various complica-
tions, including vertebral body fracture, wedge deforma-
tion, instability, and neurological complications. These 
complications are commonly associated with severe pain, 
neurological impairment and may deteriorate the general 
health of these sick patients and increase disability, morbid-
ity and mortality. 31  –  37  

 In the past, major surgery included corpectomy through a 
transthoracic approach was propagated to decompress and 
stabilize the spine in symptomatic metastatic disease with or 
without neurological compromise. However, in patients with 
cancer, with increased comorbidities a major surgery cannot 
be performed with a signifi cant risk. 

 With the advent of modern MIS techniques, various per-
cutaneous methods have been introduced to treat painful 
osteolytic vertebral body osteolytic metastases. Most of these 
techniques are mainly palliative, and aim to reduce intractable 
axial spinal pain and simultaneously to improve the quality 
of life of patients with cancer. These techniques include per-
cutaneous vertebral body augmentation by means of VP, BK, 
and Kiva and in some instances MIS may be combined with 
radiofrequency. 

 The null hypotheses of this comparative study were as fol-
lows: (1) both Kiva and BK can equally restore sagittal ver-
tebral body heights and kyphotic segmental deformity; (2) 
cement leakage rate is similar both in BK and Kiva; and (3) 
postoperative short-term functional outcomes are similar in 
both BK and Kiva groups. 

 In this study, we compared 2 different percutaneous verte-
bral body augmentation techniques used for spinal osteolytic 
metastasis in 2 matched populations. The obtained results 
from each group and for each parameter were compared 
with each other regarding vertebral body restoration with 
the use of established radiological parameters, vertebral body 

 TA
B

LE
 1

.    C
om

pa
ra

tiv
e 

R
ad

io
lo

gi
ca

l D
at

a 
Pr

e-
 to

 1
-M

on
th

 P
os

tin
te

rv
en

tio
n 

in
 4

7 
Pa

tie
nt

s 
W

ith
 8

4 
V

er
te

br
al

 B
od

y 
M

et
as

ta
tic

 
O

st
eo

ly
se

s  

G
ro

up

A
V

B
H

r
PV

B
H

r
C

ha
ng

es
 

(%
)

M
V

B
H

r
C

ha
ng

es
 

( °
 )

SK
A

C
ha

ng
es

 
( °

 )
Pr

eo
p

Po
st

op
 P 

Pr
eo

p
Po

st
op

 P 
Pr

eo
p

Po
st

op
 P 

Pr
eo

p
Po

st
op

 P 

K
iv

a
0.

95
  ±

  0
.0

9
0.

98
  ±

  0
.0

5
 0.

28
 

16
  ±

  9
.1

5
3.

3 
 ±

  7
.6

 0.
35

 
3.

7 
 ±

  1
1

0.
94

  ±
  0

.1
3

0.
99

  ±
  0

.0
6

 0.
16

 
5.

1 
 ±

  1
4.

5
13

.7
  ±

  1
1.

2
14

.7
  ±

  1
0.

6
 0.

78
 

 +
 1 

 ±
  6

B
K

0.
89

  ±
  0

.1
9

0.
96

  ±
  0

.0
7

 0.
30

 
0.

94
  ±

  0
.1

0
0.

94
  ±

  0
.1

2
 0.

32
 

3.
9 

 ±
  7

.6
0.

87
  ±

  0
.2

2
0.

93
  ±

  0
.1

1
 0.

24
 

7.
2 

 ±
  1

9
12

.1
  ±

  9
10

  ±
  6

.8
 0.

38
 

 −
 2 

 ±
  4

In
te

rg
ro

up
 

 
 P 

 0.
22

 
 0.

27
 

 0.
38

 
 0.

23
 

 0.
7 

 0.
23

 
 0.

07
 

 0.
74

 
 0.

65
 

 0.
13

 
 0.

13
 

 A
ll 

va
lu

es
 a

re
 s

ho
w

n 
as

 a
ve

ra
ge

  ±
  s

ta
nd

ar
d 

de
vi

at
io

n.
 

 B
K

 in
di

ca
te

s 
ba

llo
on

 k
yp

ho
pl

as
ty

; A
V

B
H

r, 
an

te
rio

r 
ve

rt
eb

ra
 b

od
y 

he
ig

ht
 r

at
io

; 
PV

B
H

r, 
po

st
er

io
r 

ve
rt

eb
ra

 b
od

y 
he

ig
ht

 r
at

io
; 

M
V

B
H

r, 
m

id
dl

e 
ve

rt
eb

ra
l b

od
y 

he
ig

ht
 r

at
io

; 
SK

A
, s

eg
m

en
ta

l k
yp

ho
si

s 
an

gl
e;

 p
re

op
, 

pr
eo

pe
ra

tiv
e;

 p
os

to
p,

 p
os

to
pe

ra
tiv

e.
 B

ol
d 

va
lu

e 
re

pr
es

en
ts

 s
ta

tis
tic

al
ly

 s
ig

ni
fi c

an
t. 

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

SPINE130748.indd   E236SPINE130748.indd   E236 1/24/14   7:59 PM1/24/14   7:59 PM



RANDOMIZED TRIAL Kiva Implant vs. Balloon Kyphoplasty • Panagiotis et al

Spine www.spinejournal.com E237

osteolysis geography, 12  and short-term functional outcome 
measures (VAS, ODI), and rate plus direction of bone cement 
leakage. 

 The advantages of our study are that it reports on solely 
vertebral osteolytic metastases, which all were operated by 
the same surgeon in the same institution in contrast to the pre-
vious ones that reported on BK and VP for treating vertebral 
fractures of different etiology (hemangiomas, osteoporosis, 
multiple myeloma, and metastasis). 22  ,  27  ,  38  –  40  

 The fi ndings retrieved from this study indicate that, in 
selected patients with cancer with painful vertebral body met-
astatic osteolysis, without neurological impairment, percuta-
neous Kiva and BK are well tolerated, and are not associated 
with general complications. 

 All patients in both groups reported similar signifi cant 
improvement of functional outcome (pain score  >  5 VAS 
units; ODI  >  25 units) in the early postoperative period and 
this outcome is within that previously reported in similar 
studies. 23  ,  24  ,  27  ,  40  

 Both BK and Kiva offered postoperatively almost simi-
lar sagittal radiological vertebral body restoration, and the 
observed PMMA leakage rate in BK was within that previ-
ously reported. 24  ,  40  –  42  Although, historically BK increases ver-
tebral body height postintervention,  24,40,41,43,44   this increase 
has been expressed differently (percentage, millimeters) in 
each study, this making comparison diffi cult. 25  –  27  ,  40  ,  43  In our 
study, vertebral body dimensions measurements were highly 
reliable because we used absolute values, that are not infl u-
enced by magnifi cation on roentgenograms. Pooled analysis 
of previously published data 25  –  27  ,  40  ,  43  showed increases in both 
anterior and midline vertebral body height after BK. Insignifi -
cant postoperative increases in anterior, and posterior verte-
bral body heights were shown in either group (BK, Kiva), but 
some statistically marginal increase ( P   <  0.07) of the middle 
vertebral body height in the Kiva group. We cannot assume 
that this increase may have any clinical relevance, but the lat-
ter is due to the unique function of PEEK implant to construct 
together with PMMA a column that elevates and supports the 
middle third of the vertebral body that is usually eroded by 
the osteolytic metastasis. 

 BK improves sagittal vertebral body wedge deformity in 
spinal metastasis, but follow-up analysis disclosed loss of the 
initial restoration, with the absolute value of the wedge angle 
ultimately approaching the preoperative levels. 23  –  29  ,  43  ,  45  ,  46  
These radiographical outcomes after BK were seen by others 

to return to preoperative levels at 12 months and beyond. 2  ,  46  
No signifi cant restoration of kyphotic segmental vertebral 
deformity was shown in our series, because the preoperative 
vertebral body wedge deformity was little averaging from 
12% to 13% for BK and Kiva, respectively. 

 A common complication that may occur during percutane-
ous BK and VP procedures is bone cement leakage. Cement 
leakage may be potentially disastrous in osteolytic vertebral 
body metastasis when PMMA leaks to the spinal canal, par-
ticularly if there is a cavity inside a vertebral body. 41  ,  42  Previ-
ous reports showed 0% to 21.8% symptomatic and asymp-
tomatic leakage rate in patients who underwent percutaneous 
vertebral augmentation for metastatic osteolyses. 23  ,  24  ,  40  –  42  ,  47  ,  48  
The leakage rate in the BK group of our study was 9.3%, 
within that previously reported. Kiva was not associated with 
any leakage even in the presence of signifi cant extent of oste-
olysis (Tomita grades 2, 3). 

 A sensitivity analysis showed that prospective studies dem-
onstrated a higher rate of leakage (11.2%) than retrospective 
studies (0.51%). 4  No relationship was found with other fac-
tors such as specifi c etiology (multiple myeloma  vs . metasta-
sis) or estimated age of the fracture. 4  

 The well-established factors that contribute to PMMA leak-
age are: viscosity and amount of injected PMMA cement. 39  ,  49  
It is documented that PMMA leakage is usually caused by 
excessive bone cement injection. 50  In an experimental study, 
Bohner  et al  51  defi ned a model that could predict what factors 
affect the risk of cement extravasation and how to minimize 
cement extravasation. The model predicted that the extrava-
sation risk was decreased when the cement viscosity, the bone 
pore size, the bone permeability and the bone porosity were 
increased, and when the diameter of the extravasation path 
and the viscosity of the marrow were decreased. In the case of 
Kiva the cement used was of low viscosity facilitating its fl ow 
through the fi ne needle used to inject PMMA into the PEEK 
implant. Although low viscosity bone cement was used, leak-
age did not occur in this series and this depicts the safety of 
using Kiva even in severe vertebral body osteolysis. 

 Although poorly reported across the studies, a small num-
ber of patients treated with BK, VP, and Kiva experienced 
medical complications, but no deaths were reported in the 
fi rst month postintervention. 22  ,  24  ,  52  

 It is generally thought that VP and BK are contraindi-
cated in patients with 75% or more loss of vertebral body 
height, 20% or more spinal canal compromise due to 

  Figure 7.     A , Lateral MRI of 72-year-old male with 
osteolyses at T12, L2, L4, and L5 vertebrae without 
epidural expansion.  B , Lateral CT scan after balloon 
kyphoplasty disclosing anterior leakage at T12 ver-
tebrae.  C , Postoperative axial CT disclosing intraca-
nal leakage at L2 without neurological impairment. 
CT indicates computed tomography; MRI, magnetic 
resonance imaging.  
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epidural disease, posterior vertebral body cortex violation, 
more than 3 levels requiring treatment, radiculopathy, and/
or uncorrected coagulopathy.  41,42,44,47,48   In persons with these 
contraindications, VP or BK will likely result in a higher 
rate of complications than is seen in patients without these 
contraindications (39%  vs . 11%, respectively). 44  Nο patient 
in any group in our study had these above-mentioned contra-
indications for BK and Kiva. 

 Although small studies 22  ,  53  –  60  have shown that VP and BK 
are rapid, safe, durable, and effective palliative treatments for 
metastatic vertebral fractures, the literature lacks analyses of 
a large cohort of patients. 

 There are 3 potential limitations in this study: the short 
follow-up for the patients of both groups; the lack of preopera-
tive power analysis and the use of Kiva solely in sacral metasta-
sis. However, neither of these 3 limitations jeopardized the sig-
nifi cance of the results derived from this study: this comparative 
study was so designed to investigate the early results of both ver-
tebral augmentation techniques in vertebral body restoration, 
their safety regarding bone cement leakage and early functional 
outcomes. Because life expectancy of these very sick, end-stage 
patients with cancer was too short, long-term results cannot be 
obtained. Because of the absence of a prior power analysis, the 
results derived from this study were interpreted carefully by the 
authors. However, the differences in the obtained results (VAS, 
ODI) between the groups were very small. Copay  et al  61  found 
minimally clinically important difference values of 12.8 points 
for ODI, 1.2 points for VAS back pain. The differences that we 
observed in this clinical study (2 points for ODI and 0.2 for VAS) 
were much smaller. Thus, preoperative powering of our study 
on aforementioned minimally clinically important differences 
would not have led to statistical signifi cance in the presence of 
the small clinical differences that we observed. Regarding the 
third limitation, Kiva according to manufacturer’s prescriptions 
should not be implanted above the T11 because of the width of 
the pedicles and vertebral body size, but it was successfully used 
in the sacrum in great osteolysis (Tomita 3) where BK could not 
safeguard PMMA containment. 

 CONCLUSION 
 On the contrary, the strengths of this study were the prospec-
tively acquired data, the matched anthropometric parameters 
similar to the inclusion criteria. Thus, this study possibly does 
not include acquired bias and fi nally supports our assump-
tion that the results retrieved from this study are valuable and 
therefore sound conclusions can be safely drawn. We recom-
mend both percutaneous BK and Kiva techniques to stabi-
lize vertebrae immediately affected by metastases and thus to 
improve short-term quality of life in patients with cancer with 
osteolytic metastasis Tomita grades 1 to 3 of different origin 
without neurological involvement.     

       In symptomatic osteolytic metastatic spinal 
disease both percutaneous Kiva and BK with 
PMMA showed a tendency for restoration of 
anterior and posterior vertebral body height and 
kyphotic Gardner angle, but only Kiva restored 
MVBHr.  

       Kiva was not complicated by PMMA leakage, 
whereas BK showed 10% leakage rate.  

       Back pain (VAS), and ODI scores improved equally 
signifi cantly in the patients of both groups 
1-month postoperatively.  

       Both Kiva and BK can safely augment painful 
thoracic and lumbar vertebral osteolytic 
metastases grades 1 to 3 Tomita and prognostic 
Tomita score 6-8, whereas Kiva additionally 
reinforced sacral metastasis too.      

  ➢  Key Points   

       This is a prospective, comparative randomized 
parallel-group study.  
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