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CT-guided vertebroplasty: analysis of technical
results, extraosseous cement leakages,
and complications in 500 procedures

Abstract The aim of this study was to
analyze the technical results, the extra-
osseous cement leakages, and the
complications in our first 500 verte-
broplasty procedures. Patients with
osteoporotic vertebral compression
fractures or osteolytic lesions caused by
malignant tumors were treated with CT-
guided vertebroplasty. The technical
results were documented with CT, and
the extraosseous cement leakages and
periinterventional clinical complica-
tions were analyzed as well as second-
ary fractures during follow-up. Since
2002, 500 vertebroplasty procedures
have been performed on 251 patients
(82 male, 169 female, age 71.5+

9.8 years) suffering from osteoporotic
compression fractures (n=217) and/or
malignant tumour infiltration (n=34).
The number of vertebrae treated per
patient was 1.96+1.29 (range 1-10);
the numbers of interventions per patient
and interventions per vertebra were
1.33£0.75 (range 1-6) and 1.01+0.10,
respectively. The amount of PMMA
cement was 4.5+1.9 ml and decreased
during the 5-year period of investiga-
tion. The procedure-related 30-day
mortality was 0.4% (1 of 251 patients)
due to pulmonary embolism in this
case. The procedure-related morbidity
was 2.8% (7/251), including one acute
coronary syndrome beginning 12 h
after the procedure and one missing
patellar reflex in a patients with a
cement leak near the neuroformen
because of osteolytic destruction of the

respective pedicle. Additionally, one
patient developed a medullary conus
syndrome after a fall during the night
after vertebroplasty, two patients
reached an inadequate depth of con-
scious sedation, and two cases had
additional fractures (one pedicle frac-
ture, one rib fracture). The overall CT-
based cement leak rate was 55.4% and
included leakages predominantly into
intervertebral disc spaces (25.2%),
epidural vein plexus (16.0%), through
the posterior wall (2.6%), into the
neuroforamen (1.6%), into paraverte-
bral vessels (7.2%), and combinations
of these and others. During follow-up
(15.2+13.4 months) the secondary
fracture rate was 17.1%, including
comparable numbers for vertebrae at
adjacent and distant levels. The pre-
sence of intradiscal cement leaks was
not associated with increased adjacent
fracture rates. CT-guided vertebro-
plasty is safe and effective for treatment
of vertebral compression fractures. CT-
fluoroscopy provides an excellent con-
trol of the posterior vertebral wall. The
number of cement leakages alone is not
directly associated with clinical com-
plications. However, even small vol-
umes of pulmonary PMMA embolism
might be responsible for the fatal
outcome in cases with underlying car-
diopulmonary insufficiency.

Keywords Osteoporosis -
Vertebroplasty - Complications
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Introduction

Vertebral compression fractures are frequent complications
of osteoporosis and vertebral metastases, which might
either cause minor complaints or result in substantial local
pain, impaired physical function, reduced quality of life,
and an increased mortality rate [1-4]. Conservative
management of osteoporotic compression fractures in-
cludes analgesic drugs, surgical corsets, and physical
therapy, which has been the standard treatment for decades.
Percutaneous vertebroplasty has emerged as a widely
accepted treatment modality for medically refractory
osteoporotic compression fractures and is also used for
metastatic vertebral fractures in order to stabilize the
vertebral bodies parallel to radiotherapy or chemotherapy
[5-10]. Numeous potential complications have been
reported in the literature [6—12], including the hypothesis
that the restored stiffness of the augmented vertebra itself
might propagate secondary fractures in adjacent non-
augmented vertebrae [13-15]. In our department, CT-
guided percutaneous vertebroplasty was introduced in
2002 and has evolved as a valuable treatment option with
significant benefit for the patients with respect to pain
relief, reduced analgetics, and restoration of mobility.
However, there have also been severe adverse events
during this period. The purpose of this study is to describe a
single-center experience with CT-guided vertebroplasty
and to analyze frequency and causes of complications.

Methods

Indication for treatment included osteoporotic vertebral
fractures with persistent medically refractory pain or
osteolytic vertebral lesions due to primary or metastatic
tumor disease. The study protocol was approved by the
institutional ethical committee; all patients gave written
informed consent. The diagnosis was confirmed by MRI
using a 1.5-T system (Magnetom Vision, Siemens,
Erlangen) or an open 0.2-T system (Magnetom Open,
Siemens, Erlangen) using sagittal STIR and T1w spin echo
sequences. Vertebral bodies proved positive for actual
fractures if bone marrow edema was identified. Vertebral
fractures with height loss but no bone marrow edema were
judged as old and consolidated fractures and therefore not
considered for treatment. In tumor cases, intra- and
extravertebral tumor masses as well as infiltration of the
spinal canal were also depicted or excluded with MRI and
CT scans. In those cases, vertebroplasty was indicated in
order to achieve primary stabilization and pain relief, which
was followed by either radiotherapy and/or chemotherapy.

Procedures were performed by one of two radiologists,
who were trained in percutaneous vertebroplasty (MBP,
SH). For the procedure, patients were carefully placed in
prone position on the CT table by using pillows to create
hyperextension. The blood pressure, heart rate, and oxygen

saturation were continuously monitored. Conscious seda-
tion with midazolam (2.5-5.0 mg i.v.) and piritramid (7.0—
15 mg i.v.) was administered depending on the individual
need. The intervention commenced with a standard CT
acquisition using a four-row CT system (Somatom, Volume
Zoom, Siemens, slice 2 mm, collimation 4x1 mm,
330 mAs, 120 kV) with multiplanar reformatted images
of the spine. A mobile C-Arm fluoroscope (Siemens) was
installed between the gantry and the base of the CT table.
With this arrangement, cross-sectional imaging with CT-
fluorospcopy and lateral fluoroscopy with C-arm could be
alternated during the procedure. For CT-fluoroscopy, the
voltage and the current of the CT tube was reduced to
80 kV and 20 mAs. After local anaesthesia, the 10-G
cannula of the vertebroplasty set (Cemento set, OptiMed,
Ettlingen) was advanced and steered by means of CT
fluoroscopy using the transpedicular access as standard in
lumbar vertebrae and an intercostotransverse access in
thoracic vertebrae. Dorsolateral parapedicular access (di-
rect puncture of the dorsolateral wall of the vertebral body
omitting the pedicle) was only used when individual
anatomy prohibited use of the standard access. The tip of
the cannula was placed in the ventral third and in the
midsagittal plane of the vertebral body. Three types of
cements were used during the study period: (a) Osteopal
40, (b) Osteopal V and (¢) Biomet Bone Cement-V (Biomet
Merck GmbH, Berlin, Germany). The PMMA cement was
applied under alternating CT-fluoroscopy and lateral
fluoroscopy to maintain control of the cement distribution
in both the in-plane cross-sectional and the lateral views, as
has been previously described [7, 16]. If the cement
distribution was unfavorable, for example, into the basal
vertebral or epidural veins, the injection was interrupted
for 30—60 s until the cement had polymerized at that point
and was subsequently continued. Depending on the
cement distribution, the bevel cut of the needle was
directed towards the contralateral or the ipsilateral half of
the vertebral body so that, ultimately, cement was
deposited in the middle and to some extent both lateral
thirds of the vertebral body. If the cement filled only the
ipsilateral half of the vertebral body, an additional
contralateral access was used to achieve a balanced
deposit. The final result was documented by CT. All
patients were monitored for 6 h after intervention,
including testing for sensomotoric deficits and cardio-
respiratory function. Patients were discharged after
documentation of final clinical results. Tumor patients
were discharged depending on their individual further
treatments, e.g., radiation or chemotherapy.

All data were prospectively acquired in a comprehensive
vertebroplasty data base. Pain relief was measured using a
visual analogue score (VAS) with a range from 0 (no pain)
to 10 (maximal pain). All peri-interventional clinical
complications were registered with respect to their clinical
and radiological preconditions and the causality with the
interventional procedure. Extraosseous cement deposits
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were analyzed according to their source: (1) epidural
venous plexus; (2) posterior vertebral wall; (3) neurofor-
amina; (4) anterior vertebral wall; (5) lateral vertebral wall;
(6) upper endplate; (7) lower endplate; (8) both endplates;
(9) paravertebral vessels; (10) pulmonary embolism; (11)
access site. Every leak location was counted as a separate
event. Follow-up consisted of clinical visits including
radiographs or CT of the spine at 3, 6, and 12 months and
yearly thereafter and MRI whenever the patient experi-
enced newly discovered discomfort or pain. Symptomatic
secondary vertebral fractures were treated with vertebro-
plasty and were included in the follow-up. Secondary
fractures were classified as:

I. adjacent fracture in the immediate vicinity of an upper
or lower vertebral body that had been previously
treated with vertebroplasty;

II. secondary sandwich fracture, i.e., secondary fracture of
a vertebral body located in-between two augmented
vertebral bodies;

III. secondary distant fracture, more than one segment
distant from previously cemented vertebrae.

Statistical analysis was performed using SPSS for
Windows, version 12. The quantitative descriptive data
are given as mean and standard deviation.

Results

Between June 2002 and August 2007 a total of 500
vertebroplasty procedures were performed in 251 patients
(82 male, 169 female, age 71.5+9.8 years, range 37-95).
Vertebral fractures were caused by malignant disease in 34
patients (62 vertebral levels) and osteoporotic in 217
patients (438 vertebral levels). This included nine patients
with osteoporotic fractures for whom an additional
surgical approach was scheduled. In these cases, the
contiguous vertebrae were augmented (1) before opera-
tive corporectomy and posterior instrumentation (n=6),
(2) augmentation of adjacent non-fractured vertebrae
before Kyphoplasty of severely compressed vertebrae in
order to strengthen the adjacent segments for the
ballooning during kyphoplasty (n=2), or (3) before a
decompression by laminectomy (n=1) in order to achieve
secure fixation of the pedicle screws. Patients entered the
study with occurrence of primary treatment of 415
vertebral fractures. During follow-up (15.24+13.4 months,
range 0-48), an additional 85 secondary fractures
occurred in 43 patients (Table 1). As results of the initial
treatment, there remained 39 vertebrae in sandwich situations
in 35 patients, meaning that there was one level untreated
between two augmented levels. Eleven of such 39 sandwich
vertebrae showed secondary failure during follow-up, 7 of
which were treated with vertebroplasty. The number of
secondary fractures adjacent to previously augmented levels
was not increased compared to distant secondary fracture

locations. 22 of 33 adjacent fractures occurred in the absence
of any intradiscal cement leak from previous vertebroplasty.
In secondary sandwich fractures, 7 of 11 fractures occurred
with cement deposits in adjacent disc spaces. The number of
vertebrae treated per patient was 1.96+£1.29 (range 1-10),
one vertebra in 125 patients, two in 63, three in 32, four in 26,
and six, eight, and ten vertebrae in 1 case, respectively. The
number of interventions per patient and intervention per
vertebra was 1.33+0.75 (range 1-6) and 1.01+£0.10 (max-
imum 2 in 5 vertebrae), respectively (Table 1). The
distribution of augmented vertebrae, the cement volumes
per level, and the vertebral accesses are given in Table 2.
There was a predominance at the thoracolumbar junction
between Thll and L3 covering about two thirds of the
respective vertebral levels. The overall amount of PMMA
cement was 4.5+1.9 ml. It was slightly reduced with
increasing experience since adequate treatment results could
be achieved with smaller amounts of cement through the
years (Table 3).

The 30-day mortality was 0.4% (1 of 251 patients, 0.2%
of all procedures, Table 4). One 78-year-old male with
history of chemotherapy because of chronic lymphatic
leukemia, pulmonary emphysema, and ischemic heart
disease, suffered from steroid-induced osteoporosis with
eight vertebral fractures, including fresh fractures at four
thoracic and lumbar levels. During the second treatment
session, there was some extraosseous cement displacement,
and the injection was immediately stopped (3 ml type-c-
cement) after detection with CT-fluoroscopy. Thirty
minutes after the intervention, the patient presented with
respiratory insufficiency with a O,-saturation of about 85—
90% and bronchial spasm. At this stage, an overhang of
midazolam was discussed. The patient improved immedi-
ately after medication with Beta-2-Mimetics, diuretics, and
oxygen supply and could be transferred to the ward. During
the next 48 h, the respiratory function deteriorated, and CT
control demonstrated some small tubular cement emboli in
the right pulmonary segmental arteries. However, CT also
detected significant pulmonary congestion, pleural effu-
sion, dystelectasis, and consolidation. The patient died
because of cardiopulmonary insufficiency on the 7th post-
interventional day (Fig. 1).

The overall procedure-related morbidity was 2.8% (7 of
251 patients, 1.4% of all vertebroplasties, Table 4). This
included one patient with an associated but not procedure-
related death. This 76-year-old male (hypopituitarism after
extirpation of pituitary adenoma, secondary osteoporosis,
recurrence of a carcinoma of the urinary bladder) presented
with multiple fractures at nine vertebral levels. Four painful
vertebral fractures with bone marrow edema in MRI were
indicated for vertebroplasty. Treatment was performed in
two sessions within 3 days, with two vertebral levels
treated in each session (3 ml type-c-cement at both
vertebral levels). Within 12 h following the second
treatment session, he presented an acute coronary syn-
drome and was transferred to an intensive care unit. He
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Table 1 Patients and procedures

(%) procedures n (%) patients

251
82/169

Patients (n)

Male/female (n)

Age (years)

Osteoporotic compression fracture
Ostolytic vertebral compresion fracture
Vertebral levels per patient (n)
Treatment sessions per patient (n)
Total of vertebrae treated (n)

Total number of interventions (n)

500
341
Initial vertebroplasty procedures
Follow-up (months)

Secondary vertebroplasty procedures
-Secondary adjacent secondary fractures
-Time to secondary fracture (month)
-Presence of intradiscal cement leak
-Without intradiscal cement leak
-Sandwich fractures

-Time to secondary fractures (month)
-Presence of intradiscal cement leak
-Without intradiscal cement leak
-Secondary distant fractures

-Time to secondary fracture (months)

71.5+£9.8 (range 37-95)

1.96+1.29 (range 1-10)
1.33+0.73 (range 1-6)*

15.2+£13.4 (range 0-45)

5.3+7.1 (range 0.3-30)

4.4+4.3 (range 0.3—-12)

438 (87.6) 217 (86.5)
62 (12.4) 34 (13.5)
415 (83.0)

85 (17.0) 43 (17.1)
33 (6.6) 25 (10.0)
11 (2.2)

22 (4.4)

11 (2.2) 11 (4.4)
7 (1.4) 7 (1.4)

4 (0.8) 4 (0.8)
41 (8.2) 26 (10.4)

6.1£6.5 (range 0.3-30)

*Maximal four vertebrae treated per session

subsequently developed a spontaneous retroperitoneal
hematoma under low-weight heparin, pneumonia, and an
adrenal crisis. The patient died at the 78th day after
vertebroplasty, having been under long-term intensive care
with ventilation, paralytic ileus with concomitant lapa-
ratomy because of perforation, renal insufficiency, and
finally low-output heart failure.

One patient (85-year-old female) was scheduled for
kyphoplasty because of severe compression fractures of the
2nd and 3rd lumbar vertebra with some displacement of the
posterior vertebral wall. Prior to kyphoplasty, the adjacent
non-fractured vertebrae L1 and L4 were augmented with
vertebroplasty (1.5 ml, type-b-cement, level L1 and L4) in
order to strengthen the adjacent segments for the balloon-
ing during the scheduled kyphoplasty. However, the patient
suffered from a fall during the night after intervention and
subsequently developed a medullary conus syndrome. An
emergency laminectomy was performed for decompression
and was followed by kyphoplasty L2 and L3 (Fig. 2)
(Table 4).

One 65-year-old female patient displayed a missing
patellar tendon reflex 1 day after vertebroplasty of
metastatic vertebral fracture including the pedicle of L3.
There was a leakage alongside with the puncture tract into

the neuroforamen (cement ¢, 5 ml). Since the patient had no
complaints during the treatment, the missing reflex was
found during the routine post-interventional neurological
examination. In retrospect, it could not be clarified
whether or not this deficit was of an earlier nature because
of the obvious infiltrating tumor mass at that site.
However, because of the absence of complaints, no
clinical conclusions could be drawn, and the deficit was
rated as a procedure-related complication. Fortunately,
she was clinically inconspicuous without sensomotoric
deficits and without any need for surgical decompression
(Fig. 3).

One 59-year-old female patient cancelled the second
treatment session after one of two osteoporotic vertebral
fractures had been augmented (2 ml type-b-cement)
because of an inadequate effect of the peri-interventional
analgetic drugs and conscious sedation. She refused a
repeated treatment under general anesthesia and was
therefore supplied with analgetic drugs for conservative
treatment. Another 73-year-old male developed a transient
hypoxemia with O, saturation of 90% during conscious
sedation before starting vertebroplasty. He was temporarily
served with an oropharyngeal tube for 15 min, and the
procedure was completed without further complications.
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Table 2 Distribution of vertebral fractures

N SD Unilateral Bilateral Trans- pedicular Dorso- lateral Intercosto- transversal
Th 4 3 1.7£0.4 2 1 3
Th S 6 1.8+0.5 6 6
Th 6 11 2.6+0.7 10 1 1 10
Th 7 21 3.0+1.1 21 2 19
Th 8 19 3315 17 2 19
Th 9 25 3.6£14 25 1 24
Th 10 19 3.8+1.5 19 1 18
Th 11 37 42+1.4 36 1 3 34
Th 12 63 4.6+1.7 53 10 13 5 45
L1 91 4.8+1.9 81 10 71 (72)* 20%
L2 67 5.1+2.1 51 16 59 (60)* 8*
L3 64 4.7+2.1 50 14 60 4
L4 54 5.0£1.9 35 19 52(53)* 2%
LS 20 5.9+2.0 12 8 20
Total 500 4.5+1.9 418 82 282(285)* 40 178

*One of which had bilateral access, one transpedicular and one dorsolateral

In another patient (71-year-old male, osteoporosis,
actual history of a fall after climbing a ladder 2 months
before), the pre-interventional MRI and CT demonstrated
that the fracture line involved an pedicle of the 2nd lumbar
vertebral body. After vertebroplasty, he suffered from
persisting local pain although under analgetics for 2 months
until consolidation of this pedicle (cement b, 4.5 ml). A
76-year-old male suffered from local pain of the ribs
resulting from a rib fracture, most probably acquired during
the prone position on the CT-table

The majority of patients had a major benefit at discharge
from the hospital. Compared to the pre-interventional VAS
score of 7.5£1.5 (range 6-10), complete pain relief was
achieved in 102 out of 251 patients (40.6%, VAS 1-3), and
a significant improvement was stated in 144 out of 251
(57.4%, VAS 4-5), allowing for a reduction of analgesics.
However, there were five patients with vertebral fractures

Table 3 Intervention years, cement leaks

and morphologically satisfying results, but without any
pain relief. Two female patients suffered from some
radiating pain that was initially attributed to the respective
fracture, but was not resolved after augmentation. One
male with osteoporotic vertebral fractures at level L2 to L5
needed infiltration therapy of Baastrup’s syndrome at level
L4/L5 to achieve successful pain relief. In this case,
Baastrup’s syndrome was induced by some height loss due
to the vertebral compression. Another female patient with
augmentation of a proven L2 vertebral fracture suffered
from persistent back pain that finally had to be attributed to
an additional spondylolisthesis at level L4/L5. In one male
patient with vasculitis and multiple secondary steroid-
induced osteoporotic vertebral fractures, vertebroplasty
only resulted in short-term pain reduction with an overall
disappointing treatment result with successive multiple
fractures and death because of complications of the

N SD Leak rate n (%) Type of PMMA cement (n)
a b c

Ist year 72 52+1.6 24 (34.7) 33 39
2nd year 108 53+2.8 48 (44.4) 3 105
3rd year 115 4.5+1.6 82 (71.3) 115
4th year 120 4.1+1.5 83 (69.2) 64 56
Sth year 85 3.5+1.0 40 (47.1) 2 83
Total 500 4.5+1.9 277 (55.4) 38 323 139

Types of PMMA cements: (a) Osteopal 40, (b) Osteopal V and (c) Biomet Bone Cement-V
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Table 4 Clinical complications

N (% of

patients)
Mortality, 30-day procedure-related mortality 1(0.4)
Morbidity overall 7 (2.8)
Acute coronary syndrom 1(0.4)
Missing patellar tendon reflex 1(0.4)
Medullary conus syndrome 1(0.4)
Hypoxia during sedation 1(0.4)
Inadequate effect of peri-interventional analgesia 1 (0.4)
Persisting pain because of associated pedicle 1(0.4)

fracture

New rib fracture 1(0.4)

underlying vasculitis. In all these cases, however, symp-
tomatic vertebral fractures had been proved by local pain
on palpation, MRI with endplate impression and the
respective bone marrow edema indicating the actual
fracture. Despite adequate technical results, these proce-
dures were not effective with repect to durable pain relief.

Cement leakages were detected by CT. There was an
overall leakage rate of 55.4% (Table 5). Each small cement
leakage detectable with CT was registered, single source
leakages as well as complex combinations of leak sources.
The cement volume applied per intervention decreased
during the 5-year study period; however, leakage rates
were not linked to the cement volumes used. Depending on
the physicochemical conditions of the different types of
PMMA cements, the overall leakage rate was 34.3% for
cement a (usage from June 2002 to December 2003),
57.7% for cement b (August 2002 to January 2006), and
59.3% for cement ¢ (December 2005 to August 2007),

respectively. There were no differences between vertebrae
with unilateral and with bilateral accesses. The leaks into
the epidural space of the spinal canal included leakages into
the epidural venous plexus (16%), cement propagation
directly through the fractured posterior vertebral wall
(2.6%), and cement propagation into the neuroforamina
and the epidural space (1.6%). These numbers included
five cases (1.1% of all vertebroplaties) with larger cement
leaks into the spinal canal. Although there was no evidence
for any neurological deficits, pain, or other clinical
complications, these five deposits had reduced the sagittal
spinal diameter and had therefore represented a potential
cause of neurological complications (cement volume 3.6+
1.2). Three of these patients suffered from pathological
vertebral fractures with metastatic posterior wall involve-
ment. In one case with osteoporosis, the fracture directly
involved the posterior vertebral wall and resulted in a direct
cement dislocation into the spinal canal. The fifth case
demonstrated a larger cement deposit in the epidural
venous plexus with a narrowing of the spinal canal.
However, fortunately none of these morphological findings
were accompanied by any clinical symptoms (Fig. 4). The
rate of intradiscal leaks through the upper, the lower, and
both endplates was 16.2%, 6.6%, and 2.4%, respectively.
There was no evidence that intradiscal cement leakage
would promote the incidence of secondary adjacent
fractures. Two thirds of adjacent fractures occurred in the
absence of intradiscal cement leaks. Intravascular cement
leakages into paravertebral vessels occurred in 7.2% of the
cases. In these cases, the cement application was
immediately interrupted and was continued after hardening
of the cement in this location. However, in four cases
(0.8%) a small volume cement embolism into the pulmo-
nary artery was confirmed by CT. One of those was
responsible for the fatal outcome described above.

Fig. 1 A 78-year-old male patient with pulmonary cement embo-
lism (arrows) in segmental arteries of the upper und lower lobe
during vertebroplasty. CT demonstrates some high attenuation solid
emboli in the 3rd segmental artery of the right lung (arrow, Fig. 1a-
¢) without evidence for segmental infarction or thrombus apposition.

The basal segments demonstrate a more diffuse high attenuation
area in segmental arteries with an accompanying infiltration and
consolidation indicating subsegmental infarction (arrowhead,
Fig. 1c)



2574

Fig. 2 A 77-year-old woman with osteoporotic vertebral compres-
sion fracture of the lumbar levels 2 and 3. Vertebroplasty of level 1
and 4 was performed in order to stabilize these vertebrae before
kyphoplasty of lumbar level 2 and 3. However, after a fall of the
patient, a lateral X-ray and CT demonstrated a significant height loss
of the 2nd lumbar vertebra with displacement of fragments and
narrowing of the spinal canal (Fig. 2a and b), resulting in an acute
medullary conus syndrome. After laminectomy, the patient im-
proved and was subsequently treated with kyphoplasty of lumbar
vertebrae 2 and 3. Postoperative lateral X-ray demonstrates a
restoration of the respective vertebral heights (Fig. 2¢)

Discussion

Over the past 5 years, vertebroplasty has become a standard
clinical procedure in our hospital using combined CT-
guidance and lateral fluoroscopy [7, 16]. This set-up
provides a straightforward and safe positioning of the
cannula and gives excellent online control of the posterior
vertebral wall during cement application. CT allows for an
early detection of cement spread into the basivertebral and
epidural veins or direct cement leakage through fracture
lines. The alternating lateral conventional fluoroscopy
gives additional intermittent control over the cranio-caudal
cement spread and helps to realize the distribution pattern of
the cement within the vertebral body in all directions (x, y,
and z-axis). In our study, the majority of patients undergoing

vertebroplasty suffered from compression fractures caused
by severe osteoporosis, and two thirds of our patients were
female. Despite the obviously beneficial clinical results of
these treatments, the clinical complications prompted a
critical review of our cases.

The overall complication rate in our series was
acceptable low. However, there were two severe fatal
adverse events, one of which was directly related to the
procedure. In this case, a small venous cement leak
developed, which prompted an immediate interruption of
the injection. However, although the displaced cement
volume was very small, in the context with underlying
severe COPD and coronary heart disease, it could have
contributed to the deleterious outcome. From the technical
aspect, there was no increased pressure at cement injection,
and the injection was immediately interrupted. The volume
of cement was 3 ml, which is in the lower range of the
volumes we normally used, and at that time, there was a
sufficiently large experience with this type of cement
(437th procedure overall, 78th procedure with the
particular cement). Moreover, during the treatment, there
was no evidence for pulmonary deterioration detectable by
either clinical symptoms, change of oxygen saturation, or
altered heart rate. Therefore, the procedure was continued
and completed as a routine. The clinical symptoms started
with delay and may not be exclusively related to the small
volume of cement. Beside the mechanical occlusion of few
subsegmental pulmonary arteries, the cement might have
induced additional toxic effects to the bronchi and the
vascular system, resulting in bronchospasm and pulmonary
congestion. The vascular occlusion might have induced
apposition thrombi in the tributary smaller vessels and/or in
the immediate adjacent vessel segments; however, the
larger diameter pulmonary vessels were patent at CT scans
(Fig. 1). Beside PMMA-cement embolism, a concomitant
fatty bone marrow embolism might be discussed as a
potential cofactor, since the insertion of cement volume
inevitably causes some expulsion of bone marrow [17].
Cement propagation via paravertebral veins into the
inferior vena cava and pulmonary embolism has been
described in several case reports as possible cause for
hypotension, arrhythmia, and hypocapnia [17-21]. In our
particular case, the beginning of the clinical symptoms was
30 min after completion of the procedure. Therefore, a
combination of the mechanical vascular embolic obstruc-
tion, toxic reactions, and the underlying pulmonary
diseases might have contributed to the fatal outcome. In
retrospective analysis, pulmonary cement embolism has
been described in 4.6% to 8.1% of the cases [10, 22], with
one of eight patients being symptomatic [10]. Experimental
data have demonstrated that high-viscosity cements could
probably reduce the leakage rate to avoid those complica-
tions completely in future. However, this would be
associated with increased injection forces, which is not
yet technically solved [23]. The second severe adverse
event coincided with the vertebroplasty procedure, but was
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Fig. 3 A 65-year-old female patient with breast carcinoma and
pathological fractures due to osteolytic tumor mass of the vertebra.
CT demonstrates the osteolysis of the pedicle (arrow, Fig. 3a).
Fig. 3b and ¢ demonstrates the cement propagation from the pedicle

not procedure-related. This patient suffered from acute
coronary syndrome within 12 after the procedure and was
transferred to the intensive care unit. He died 78 days later
because of various associated complications.

The overall clinical morbidity was 2.1%. The one case
with a missing patellar tendon reflex occurred in a patient
with a metastatic destruction of a vertebral pedicle. In
addition to direct cement propagation through defective
bone, the area of the intervertebral foramina may also be
reduced by retrograde filling of intraforaminal radicular
veins and thereby induce radicular complaints [10, 24]. In
our study, neuroforaminal cement deposits occurred in
1.6%, which had a potential risk for radiculopathy, but
there was no evidence for respective complaints in these

Table 5 Frequency of extraosseous cement leaks detected with CT

n (%) *
No cement leak 223 (44.6)
Epidural vein 80 (16.0)
Posterior vertebral wall 13 (2.6)
Neuroforamen 8 (1.6)
Anterior or lateral vertebral wall 10 (2.0)
Upper intradiscal space 81 (16.2)
Lower intradisacl space 33 (6.6)
Both intradiscal spaces 12 (2.4)
Paravertebral vessels 36 (7.2)**
Pulmonary embolism 4 (0.8)
Access way 35 (7.0)

*Every leak location counted as separate event, **including 11 cases
with arterial cement deposits

into the neuroforamen with compression of the respective nerve
root. Except for a missing patellar reflex, there were no other clinical
symptoms

cases. Two more procedure-related complications were
related to conscious sedation, one hypoxia already prior to
the start of the intervention and one ineffective peri-
interventional analgesia. Although procedure-related, these
were not linked to the interventional technique itself.
Carrying out the whole procedure under local anesthesia
has considerable advantages compared to general anesthe-
sia and is therefore preferred in our department. Besides
avoiding the intrinsic risks of cardiovascular and respira-
tory complications of general anesthesia in older patients,
local anesthesia allows for a continuous communication
with the patient in order to early detect radicular pain,
neurological deficits, and other complications during the
procedure. Moreover, this proceeding is cost effective and
easy to perform without a need for expensive intermediate
care or even intensive care in most cases. The medullary
conus syndrome was induced by post-interventional col-
lapse of the patient and was therefore associated, but not
procedure-related, as the missing pain relief in a case with a
persistent pedicle fracture was not. However, in this
particular case we could have performed a pediculoplasty
in the same procedure in order to stabilize this fracture.
Concomitant fractures of ribs, transverse process fractures,
and pedicle fractures have been described in the literature
[10, 17]. Pedicle fractures may be a primary finding of the
vertebral compression or might be induced by the passage
of the cannula during the procedure. New osteoporotic rib
fractures are supposed to occur when the patient is placed
in prone position on the table for and during the procedure.
However, they might significantly bias the clinical out-
come regarding pain relief and should be treated with
analgetic drugs for an appropriate period.

In our study, the 55.4% extraosseous leak rate was CT-
based and comprises very small leakage volumes in the
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Fig. 4 Large cement deposits in the spinal canal. Fig. 4a and b:
73-year-old man with history of bronchial carcinoma and metastatic
vertebral fracture. Parasagittal cement deposit (arrows) through the
destroyed posterior vertebral wall into the spinal canal with reduction
of the diameters. Fig. 4¢ and d: 60-year-old male with COPD,
osteoporosis, and vertebral fracture. CT after vertebroplasty demon-
strates a significant cement leak (arrows) through the posterior
vertebral wall, covered by the longitudinal ligament, but with
reduction of the spinal diameters. Both patients were asymptomatic

majority of cases. However, it is well known that the rate of
extraosseous leakage obviously depends on the sensitivity
of the imaging modality used. CT-based analysis results in
much higher leak rates compared to conventional X-ray
analysis [9, 12]. Reported leakage rates of studies should
therefore not be compared directly without mentioning the
method of leak detection. Layton et al. reported an overall
leak rate of 25% based on fluoroscopically visualized
cement deposits [10]. The authors stated that their leak rate
would have been higher if CT scans had been used. Our
results and those of other groups demonstrate that
morphological findings alone should not be rated as
complications since the numbers and the amount of an
extraosseous cement deposit alone do not correlate with
clinical complications. Therefore, the amount of leakage
was not calculated in our study, but was very small in the
vast majority of cases. Large paravertebral leakages may be
completely asymptomatic, whereas small volume intraspi-
nal leaks increase the risk for catastrophic results. CT-
fluoroscopy does allow for an early detection of unintended
cement distribution through the posterior wall and might
thereby contribute to safety. In the present study, leakages

within the spinal canal included cement spreading into the
epidural veins and direct leaks through fracture lines of the
posterior vertebral walls. During the liquid phase of
the bone cement distribution, some leakage into the epidural
veins does not necessarily cause clinical complications since
cement in epidural veins fills pre-existing anatomical
structures and does not reduce or compress the dural sac
[9]. However, cement polymerization is accompanied with
heat effects that might possibly affect the dural structures.
Using CT, the epidural venous leak rate was 16% in our
study. The number of larger intraspinal cement deposits as
shown in Fig. 4 could be restricted to the five reported cases
that could have had a potential risk for neurological
complications, but in fact did not have any clinical
complaints. In concordance with literature, those clinical
complications are fortunately rare, and emergency surgery
has been reported to be below 1% [11, 25]. Control of the
posterior vertebral wall is, however, crucial for the outcome
of the procedure. With respect to anatomy, the boundary of
the concave posterior wall surface is hardly detectable on
lateral fluoroscopy alone. CT-fluoroscopy permits an online
cross-sectional imaging of the posterior vertebral wall. The
lateral conventional fluoroscopy in front of the CT gantry
provides a monitoring of cranio-caudal cement spread. The
combination of both with alternating cross-sectional or
lateral online imaging proved to be highly effective to
control posterior vertebral wall.

In order to avoid cement extravasation, o0sseous
phlebography has been proposed [26-28]. Since the
viscosity of contrast medium differs significantly from
the cement, we feel that a pre-treatment contrast injection
might only give the impression of putative additional
safety. We assume that online imaging with combined
cross-sectional and lateral fluoroscopy may facilitate the
steerability of the procedure. Large cement volumes and
lower viscosity cements have been demonstrated to be
associated with an increased incidence of epidural leakages
[23, 29]. In a recent paper, Kaufmann et al. reported that
there was no association between the cement volume and
the clinical results with respect to pain relief and medica-
tion use [30]. This is consistent with our experience. The
mean cement volume in our patient population has
therefore been consequently decreased over the years and
is actually about 3.5+1.0 ml. Besides venous leakages,
cement leakages have also been reported for paravertebral
lumbar arteries [31, 32]. This is also consistent with our
results (Table 5), but has so far remained without clinical
complications. However, there is a potential for associated
arterial embolism into peripheral arteries and might even
affect vessels supplying the spinal cord [17]. Because of
the small sizes, those arterial cement deposits may be
difficult to detect on fluoroscopy. Moreover, there have
been reports on medial or lateral deviation of the needle
path, which lead to thecal injury, epidural bleeding or
intrathecal cement leakage, or paravertebral cement
deposits [17]. Those complications have not been found
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in our patient group and might be avoided by using the CT
fluoroscopy.

With our patient population there has been no evidence
for peri-procedural infections. However, there have been
reports on infected vertebral bodies or epidural abscesses
after vertebroplasty, which might be life threatening.
Needle biopsy for culture and administration of specific
antibiotics has been proposed, and surgical decompression
was necessary in particular cases [33-35]. Vats et al.
described a fluid-filled cavity within the vertebral bodies
surrounding the polymethylmethacrylate as one sign of
potential infection. In the light of negative cultures, these
authors discussed the importance of polymerase chain
reaction (PCR), which finally confirmed the definite
diagnosis of bacterial infection [33].

Clinical and experimental data suggest that the cement
rigidity reduces the local spinal flexibility, increases the
intradiscal pressure, and propagates secondary adjacent
fractures [13, 36]. Our data demonstrated secondary
fractures in 17.1% of patients. Since the actual analysis
included all procedures up to now, it might be anticipated
that the fracture rate will somewhat increase during follow-
up. However, the numbers of secondary fractures at
adjacent locations was comparable to those at distant
locations, meaning that there was no increased risk for
secondary fractures in the immediate vicinity of an already
augmented vertebra. This is consistent with Trout et al.,
who reported on 186 secondary vertebral fractures in 86
(19.9%) of 423 patients. These authors demonstrated a
41.4% rate of adjacent fractures with a shorter time to
fracture compared to non-adjacent fractures [37]. Syed et
al. reported on 41 adjacent fractures among all 78
secondary fractures. Only 13 of 41 adjacent fractures
occurred in the presence of pre-existing intradiscal cement
leaks [38]. Our data confirm these findings and showed no
increased rate of secondary adjacent fractures as well as no

increased secondary fracture rate in cases with intradiscal
cement deposits. There has been no separate calculation of
the intradiscal leak volumes in those cases. However, since
the majority of secondary adjacent fractures occurred in the
absence of those leakages, the knowledge of the leak
volumes would not have a relevant impact on the
secondary adjacent fracture rate.

Lindsay et al. have analyzed the risk of new vertebral
fractures in the year following the first osteoporotic fracture
[1]. The authors demonstrated that the intrinsic risk for
secondary osteoporotic vertebral fractures increased with
the number of fractures at baseline. In cases with >2
fractures at baseline, the secondary fracture rate was 24%
during the 1st year [1]. We, therefore, suggest that the
secondary fracture rate in our patient population was
caused by the underlying osteoporosis rather than by the
previously performed vertebral augmentation. Particularly
in the specific situation of sandwich vertebrae, the
secondary fracture rate was about one third without
evidence for secondary fractures in the other two thirds,
meaning that even this particular anatomical situation is not
necessarily the only precondition for secondary fractures.

Conclusion

CT-guided vertebroplasty is safe and effective for treatment
of vertebral compression fractures. CT-fluoroscopy pro-
vides an excellent control of the posterior vertebral wall
and thereby contributes to the safety of the procedure. The
number of extraosseous cement leakages is not directly
associated with clinical complications and depends on the
imaging modality used. Pulmonary embolism of PMMA
cement, however, may be associated with a fatal outcome
in cases with underlying cardiopulmonary insufficiency,
even with small volumes of displaced cement.
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