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The Patterns of Intraosseous
Venography before Percutaneous
Vertebroplasty for Osteoporotic
Compression Fractures

Objective : Bone cement leakage is a well-known potential complication of percutaneous vertebroplasty (PVP)
in patients with osteoporatic compression fracture. Even though there has been a controversy in the efficacy of
antecedent venography to prevent this complication, many authors have performed intracssecus venography
before bone cement injection. The goal of this study was to classify the venous drainage patterns of spine
before PVP, and compare their patterns at different vertebral levels.

Metheds : The authors retrospectively reviewed 1,042 intraosseous venographic patterns in 321 patients with
574 osteoporotic compression fractures during six-year period in one institution. To classify venogram
pattems, we selected simple lateral X-ray of spine taken immediately after injection of the contrast dye. We
classified the venography patterns according to contrast leakage pattern and leakage direction as follows;
trabecular (TR}, trabecular anterior (TA), trabecular posterior {TP), trabecular anterior-posterior {TAP),
trabecular lateral {TL}, venous anterior{VA}, venous posterior (VP), venous anterior-posterior {VAP), soft tissue
(ST}. Also, we compared venogram patterns according to different spinal levels.

Results : In overall, the most common pattern was TP type accounting for 37.4% {380/1042) of all intraosseous
venograms. This is followed by TAP in 21.5%, TR 17.4%, TA 11.6%, TL 5.8%, ST 41%, VA 1.2%, VP 0.6%, and
VAP 0.4% in descending order of frequency. According to the spinal level, TR and TAP types were most
common in thoracic spine (T6-T10), TP type was most common in thoraco-lumbar spine {T11-L2), and TP and
TAP types were most common in lumbo-sacral spine {L3-S1). Contrast dye leakage to soft tissue such as psoas
muscle or disc were detected in 43 {4.1%) venograms. Direct venous drainage without staining of vertebral
body was found in 23 (2.2%} venograms. The 8.3% of thoracic venogram showed direct venous drainage.
Thoracic level showed a more tendency of direct venous drainage than other spine levels (p<0.01}.

Conclusion : The authors propose a new classification system of intraosseous venography during PVP. The
trabecular-posterior (TP) type is most common through all spine, and venous-filling (V) type was most frequent in
thoracic spine. Further study would be necessary to elucidate the efficacy of this classification system to prevent
bone cement leakage during PVP.

KEY WORDS : Percutaneous vertebroplasty - Bone cement leakage - Venography pattern - Osteoporosis -
Compression fracture.

INTRODUCTION

The vertebral body is the tissue surrounded by many vessels including venous plexus that
communicate directly with vena cava or vein”. Vertebral venous system consists of
basivertebral vein, external vertebral venous plexus, and internal vertebral venous plexus
and connect with brain, chest, abdomen and subcutaneous tissue due to its anatomical
feature of valveless structure'®. Due to this venous communications, polymethylmethacrylate
(PMMA) leakage can cause serious complications such as nerve root compression or
pulmonary embolism during PVP for treatment of vertebral compression fractures™!*!"1%2>%),
Even though there are still some controversies, it is reported that intraosseous venography
estimates the route of bone cement leakage and helps in decreasing these serious
complications. The object of this study was to classify the venogram patterns according to
the types of leakage of contrast media and to verify the differences of venogram patterns
according to various spine levels.
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MATERIALS AND METHODS

The authors retrospectively reviewed 1,042 intraosseous
venography (thoracic spine 341, lumbar spine 687, sacrum
14) in 321 patients with 574 vertebral compression
fractures between February 2000 and January 2006 at one
institute. The 71 patients (22%) were male and 250
patients (78%) were female with a mean age of 69 years
(range, 29-87 years). All patients were treated due to
osteoporotic compression fractures.

The intraosseous venography was performed just before
the PMMA injection and operating method is as below.
All patients were placed in prone position with local
anesthetic infiltration. The fluoroscopic C-arm unit was
then used to confirm the pedicle image of fractured
- vertebrae. Through this image, we inserted 11G Jamshidi
needle into the pedicle and connected syringe which
contain contrast media to needle, and then digital

subtraction venography was performed during injection
of 2-3 ml of contrast dye. The amount of contrast dye
was decided according to size of vertebral body; 2 ml in
thoracic spine, 3 ml in thoraco-lumbar junction and
lumbo-sacral spine. With a transpedicular approach, the
needle tip was advanced to the junction of anterior and
middle thirds of vertebral body. To classify venogram
patterns, we selected simple lateral X-ray of spine taken
immediately after injecting the contrast dye. We classified
the venogram patterns into three types : trabecular-filling
type, venous-filling type, and soft tissue type by contrast
leakage pattern (Table 1). These three types were
subdivided by leakage direction (Fig. 1). TR (trabecular)
type is the case when contrast dye is localized inside the
confines of the vertebral body, TA (trabecular-anterior)
type is considered when contrast dye fills the vertebral

body and leaks anteriorly in the vertebral body through
the vein, TP (trabecular-posterior) type is classified

LR
T

©

Fig. 1. Classification of intraosseous venography patterns. A : TR(trabecular) type when contrast dye is localized inside the vertebral body. B : TA
(trabecular-anterior) type in which contrast dye is filling the vertebral body and leaks anteriorly through the vein. C : TP (trabecular-posterior) type
when contrast dye fills the vertebral body and leaks posteriorly through the vein. D : TAP (trabecular-anterior posterior) type when contrast dye fills
the vertebral body and leaks anteriorly and posteriorly concurrently through the vein. E : TL (trabecular-lateral) type in which contrast dye fills the
vertebral body and leaks laterally through the vein. F : ST (soft tissue) type when contrast dye fills the vertebral body and leaks in soft tissue around
the vertebral body. G : VA (venous-anterior) type is defined when contrast dye leaks anteriorly through the vein without filling vertebral body. H : VP
(venous-posterior) type is classified when contrast dye leaks posteriorly through the vein without filling vertebral body. | : VAP (venous-anterior
posterior) type when contrast dye leaks anteriorly and posteriorly concurrently without filling vertebral body.
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when contrast dye fills the vertebral

Table 1. Classification of intracsseous venography patterns

body and leak posteriorly in the Type

No. of cases (%)

Trabecular—filling
type

vertebral body through the vein,
TAP (trabecular-anterior posterior)
type when contrast dye fills che
vertebral body and simultaneously
leaks anteriorly and posteriorly in
the vertebral body through the vein,
TL (trabecular-lateral) type when
contrast dye fills the vertebral body
and leaks laterally in the vertebral

Venous—filling
type

Others
Total

Trabecular only (TR) 181 {17.4)
Trabecular—anterior {TA) 121 (11.6)
Trabecular—posterior (TP) 396 {37.4)
Trapecular—anterior posterior (TAP) 224 {21 .5)
Trabecular-lateral (TL) 60 (5.8)
Venous—anterior (VA) 3{1.2)
Venous-posterior (VA) é( 6)
Venous—posterior postetior (VAP) 4 {0.4)
Soft tissue {ST) 43{4.1)
2 {100)

104

body through the vein. The ST (soft
tissue) type is considered when contrast dye fills the
vertebral body and leaks into soft tissue around the
vertebral body. The VA (venous-anterior) type is the case
when contrast dye leaks anteriorly in the vertebral body
directly through the vein without filling vertebral body,
VP (venous-posterior) type when contrast dye leaks
directly posteriorly in the vertebral body without filling
vertebral body, and VAP (venous-anterior posterior) type
when contrast dye simultaneously leaks anteriorly and
posteriorly in the vertebral body without filling vertebral
body.

PMMA, about 3 cc in volume, was prepared with adeq-
uate viscosity and divided into three, each in 1 cc syringe.
It was slowly injected by controlling the power of hand grip.
The differences of venography pattern were then analyzed
according to the level of vertebral body.

Statistical analysis was done using SPSS 11.0 stastistical
package (SPSS Inc, Chicago, I1) and p-value of <0.05 was

considered statistically significant.

RESULTS

Venogram type

One thousand forty two venograms were performed in
574 osteoporotic compression fractures. Of these, there
were 186 venograms (17.9%) in L1 vertebrae and 159
venograms {15.3%) in T12 vertebrae (Fig. 2).

TP type was the most common (37.4%) followed by
TAP type (21.5%), TR type (17.4%), TA type (11.6%),
TL type (5.8%), ST type (4.1%), VA type (1.2%), VP
type (0.6%) and VAP type (0.4%) in descending order of
frequency (Fig. 3, Table 1).

Venogram pattern according to spinal level

We classified the venogram pattern according to the
various level of vertebral body where the venography was
performed. We divided the spinal level as three groups;
thoracic level (T6-T10), thoracolumbar level (T11-L2),
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Fig. 2. Spinal distribution of venography level. The thoracolumbar
level (T11-L2) is the most common site.
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Fig. 3. Incidence of venography pattems. TP type is the most common
and VAP type is the least. TP : trabecular-posterior, TAP : trabecular-
anterior posterior, TR : trabecular, TA : trabeculat-anterior, TL :
trabecular-lateral, ST : soft tissue, VA : venous-anterior, VP : venous-
posterior, VAP : venous-anterior posterior,
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lumbosacral level (1.3-S1). In thoradic level, TR type (26%)
and TAP type (23%) were the most common (Table 2). In
thoracolumbar level, TP type (47%) was the most common
(Table 3). In lumbosacral spine, TP type (30%) and TAP
type (28%) were the most common (Table 4). The dye
leakage towards soft tissue around vertebrae, i.e. psoas
muscle and disc was observed in 43 cases; among them,
the leakage towards disc was observed in 17 cases (inferior
disc 7, superior disc 10). Incidence of ST leakage was

Table 2. Incidence of venography patterns in thoracic level

Type %
TR 26
TAP 23
TA 18
TP 13

Others 20

Total 100

TR : trabecduiar, TAP @ frabecular—anterior posterior, TA 1 rabeculcr—anterior,
TP : trabecuiar—posterior

Table 3. incidence of venography patterns in thoracolumbar level

Type %
TP 47
TR 18

TAP 17
Others 18
Total | 100

TP ! rabecular-posterior, R © frabecular, TAP  habecular—anterior posterior

Table 4. incidence of venography patterns in lumbosacral level

Type %
TP 30
TAP 28
TA 20
TR 14

Others 8
Totcd 100

P trabecular—posterior, TAP © rabecular—anterior posterior, TA © rabecular-
anterior, TR : frabecular

%
b -
3 - p >0.05
4
3-
2
14
0 -
T6—-110 T11-12 L3351

5.3% in thoracolumbar level, 3.3% in thoracic level,
2.7% in lumbosacral level (Fig. 4). The venous-filling
type that the contrast dye leak to vein directly without
filling vertebral body was 23 cases in number, and it takes
up 8.3% of thoracic level, 1.5% of thoracolumbar level,
1.3% of lumbosacral level (Fig. 5). The venous-filling
type was frequent in thoracic level than other region, and
it was statistically significant (p<<0.01).

DISCUSSION

Vertebral body compression fracture is the most frequent
complication of osteoporosis. PVP is highlighted in the
minimal-invasive treatment for osteoporotic compression
fracture of spine. It is known as a relatively safe treatment
and is reported as good effect, but also is reported that
there are many complications and harmful reactions®”,
Most of these complications are due to the leakage of bone
cement'”.

Kim et al. reported that there are statstical significant
relations between the PVP complication and the PMMA
leakage'”. They have reported serious complications such
as the death due to pulmonary embolism, and intercostal
neuralgia, back pain and abdominal pain. For avoiding
these complications, it is important to prevent the PMMA
leakage. Groen et al. emphasized the seriousness of
PMMA leakage based on anatomical features of venous
system of vertebrae'?. The venous system of vertebrae consists
of basivertebral vein, external vertebral venous plexus, and
internal vertebral venous plexus, and this venous system is a
valveless collateral circulation. Therefore, this venous system
has clinical importance because it can directly connect to
head, chest, abdomen and subcutaneous fat.

When performing PVD, increasing pressure of vertebral
body during PMMA injection can cause the PMMA leakage

through basivertebral vein, and it is reported up to 60%

Fig. 4. Incidence of soft tissue-leakage type. The leakage fo soft tissue
around the vertebral body is most common in thoracolumbar level.
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Fig. 5. Incidence of venous-filling type. The leakage directly through
the vein without filling vertebral body is most common in thoracic level.
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in clinical studies'”. The valveless vertebral venous
system is connected to the vena cava, so it’s blood flow is
determined by the pressure of vena cava. If the pressure
of vena cava is high, the internal venous blood drain to
heart through vertebral venous plexus without flowing
through vena cava. Thus, the PMMA leakage in this
situation can cause the complication of the cardio-
pulmonary system"*'*. The PMMA leakage during PVD,
mainly occurs through intracortical fracture or vertebral
venous system. According to the route of PMMA leakage,
various complications can occur such as pulmonary
embolism, cerebral embolism, nerve root compression,
paraplegia, and spinal canal stenosis™*®®131%1618:23-20.28.29)

In an effort to decrease these kinds of complications,
there are several reports to recommend the venography
but, it is sull debatable. It is reported that when needle
tip is located in basivertebral vein, the PMMA leaks into
spinal canal through this vein can occur'™”. Thus, if we
know venography pattern in advance before PVP, it
would be helpful to avoid these complications by
controlling the needle tip during PVP. McGraw et al.
reported that the venography is useful method because
the coincidence rate was 83% between manifestation of
PMMA leakage and pattern of the venography*. On
the other hand, Vasconcelos et al. reported that there
were no complications caused by PMMA leakage in 205
PVP cases without venography indicating that PMMA
leakage can be avoidable without venography by exact
inspection using C-arm fluoroscopy””. Other reports
have emphasized that venography does not preclude the
PMMA leakage exactly because of the difference of
viscosity between contrast dye and bone cement'****”, Do
et al. reported that there were no differences in incidence
of PMMA leakage between two groups as one group
performed by venography before PVP and the other did
not perform by venography®. Even though they performed
1,500 PVP cases without venography, the complication
due to the PMMA leakage could not be found”. Gaughen
et al. compared the two groups (venography vs non-
venography) on the clinical result and the degree of
PMMA leakage, and found there were no specific
differences between two groups'’. The reason of less
leakage of PMMA was that PVP was performed by
skillful operator. The complication rate of PVP by
skillful operator is reported below 2%>7'%*”. The
possibility of complication due to the PMMA leakage
will be higher from unexperienced operator, therefore the
venography would be helpful for beginners.

The venography patterns classified by authors would be
useful to decrease the PVP complications. McGraw et al.

22)

classified the venography pattern as 6 types™. The 6 types
are as follows : unilateral or bilateral vertebral body bone
marrow blush, leakage through an endplate or cortical
defect, direct venous filling, and stasis within the vertebral
body. In case of leakage through the vein or cortical defect,
the complication of PMMA leakage was prevented by
changing the location of needle tip or controlling PMMA
viscosity or controlling the speed of injection.

The author’s classification of venography pattern is more
detailed than the McGraw’s method focusing on the
direction of contrast leakage. The degree of clinical
problem depend on direction of PMMA leakage. For
example, in case of the anterior leakage through vertebral
body, it provokes no clinical problem, but if the posterior
leakage occurs into the spinal canal where spinal cord and
nerve pass through, it can cause serious clinical problem.
From this viewpoint, the venography pattern was classified
based on the lateral image of simple spine X-ray taken
immediately after shooting of the contrast dye (Fig. 1).

The limitation of this study is that author’s dlassification
of venography pattern was done by only lateral X-ray
view using uniplane fluoroscopy. Getting a lateral view
only provides an advantage of reducing PVP time for old
persons, and also will predict to posterior leakage to spinal
canal causing serious clinical problem. However, if the
biplane fluoroscopy is available, both frontal and lateral
venogram will be possible at once. In frontal X-ray view,
bilateral marrow blush pattern can be easily detected and
may predict to possible lateral leakage to paravertebral
area. Further prospective study using both fronal and
lateral venogram is planned.

In this study, venography pattern was divided into
three types : trabecular-filling type, venous-filling type,
and soft tissue type. And, each three type was subdivided
according to the direction of contrast leakage. Trabecular-
filling type is subdivided to TR type when contrast dye is
located inside the confines of the vertebral body, and the
TA, TP, TAP, TL types when contrast dye fills the
vertebral body and leaks through the vein. Venous-filling
type is subdivided into VA, VP, and VAP types when
contrast dye leaks directly through the vein without filling
the vertebral body. Soft tissue (ST) type is the case where
contrast dye leaks through soft tissue around the vertebral
body. Among them, TP type in which the contrast dye
filling vertebral body and leaking posteriorly through
venous channel is the most common type. I[f PMMA
leaks through the vein directly, it can induce fatal
complication such as pulmonary embolism. Therefore, if
the patient showing venogram pattern of direct venous-

filling type, it needs special caution during PVP. This
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venous-filling type was most frequent in thoracic spine.

PMMA leakage to posterior direction through basivertebral

vein can occur if the pressure of the vertebral body

increased due to PMMA injection during PVP'?. The
venous-filling type was more prevalent in thoracic spine
because the size of the thoracic vertebral body is small,
which may cause increased vertebral pressure easily during
PMMA injection than other region of the vertebral body.

CONCLUSION

When the bone cement leaks during PVP, serious
complications may occasionally occur. To decrease the
complication due to PMMA leakage, the authors
propose a new classification system of intraosseous
venography according to the route and direction of
contrast Jeakage. The trabecular-posterior (TP) type was
the most common through all spine, and venous-filling
(V) type was the most frequent in thoracic spine. Further
study will be necessary to verify whether this classification
of venography is helpful for preventing the PMMA
leakage during PVP.

References

1. Barson OV : The function of the vertebral veins and their role in
the spread of metastases. Ann Surg 112 : 138-139, 1940
2. Batson OV : The vertebral vein system. Caldwell lecrure, 1956. Am
J Roentgenol Radium Ther Nucl Med 78 : 195-212, 1957
3. Bernhard ], Heini PF, Villiger PM : Asymptomatic diftuse
pulmonary embolism caused by acrylic cement : an unusual
coraplication of percutaneous vertebroplasty. Ann Rheum Dis 62 :
85-86, 2003
4. Chen HL, Wong CS, Ho ST, Chang FN, Hsu CH, Wu CT : A lethal
pulmonary embolism during percutaneous vertebroplasty. Anesth
Analg 95 : 1060-1062, 2002
5. Cotton A, Boutry N, Cortet B, Assaker R, Demondion X, Leblond
D, et al : Percutaneous vertebroplasy; state of the art. Radiographics
18:311-320 ; discussion 320-323, 1998
6. Cotten A, Dewatre F, Cortet B, Assaker R, Leblond D, Duquesnoy
B, et al : Percutaneous vertebroplasty for osteolytic metastases and
myeloma : effects of the percentage of lesion filling and the leakage
of methyl methacrylate at clinical follow-up. Radiology 200 : 525-
530, 1996
7. Deramond H, Depriester C, Galibert P, Le Gars D : Percutaneous
vertebroplasty with polymethylmethacrylate. Technique, indi-
cations, and resuits. Radiol Clin North Am 36 : 533-546, 1998
8.Do HM : Intracsseous venography during percutaneous
vertebroplasty : is it needed? AJNR Am ] Neuroradiol 23 : 508-509,
2002
9. Gangi A, Kastler BA, Dieteman JL : Percutaneous vertebroplasy
guided by a combination of CT and fluoroscopy. AJNR Am ]
Neuroradiol 15 : 83-86, 1994
10. Gaughen JR, Jensen ME, Schweickert PA, Kaufmann TJ, Marx WE,
Kallmes DF : Relevance of Antecedent Venography in Percutaneous
Vertebroplasty for the Treatment of Osteoporotic Compression
Fractures. AJNR Am ] Neuroradiol 23 : 594-600, 2002

11. Groen R], Toit DF, Philips FM, Hoogland PV, Kuizenga K, Coppes
MH, Muller CJ, et al : Anatomical and Pathological Considerations
in Percutaneous Vertebroplasty and Kyphoplasty : A Reappraisal of
the Vertebral Venous System. Spine 29 : 1465-1471, 2004

12. Harringron KD : Major neurological complications following
percutaneous vertebroplasty with polymethylmethacrylate : a case
report. ] Bone Joint Surg Am 83 : 1070-1073, 2001

13. Jang JS, Lee SH, Jung SK : Pulmonary embolism of polymethylme
thacrylate after percutancous vertebroplasty : a report of three cases.
Spine 27 : E416-418, 2002

14. Jensen ME, Evans AJ, Mathis JM, Kallmes DF, Cloft HJ, Dion JE :
Percuraneous polymethylmethacrylate vertebroplasty in the treat-
ment of osteoporotic vertebral body compression fractures :
technical aspects. AJNR Am ] Neuroradiol 18 :1897-1094, 1997

15. Kaufmann TL, Jensen ME, Ford G, Gill LL, Marx WF, Kallmes F :
Cardiovascular effects of polymethylmethacrylate use in
percutaneous vertebroplasty. AJNR Am ] Neuroradiol 23 : 601-
604, 2002

16. Kim JP, Kim MH, Park HG, Yoo M]J, Lee SC, Byun WS, et al :
The complications of vertebroplasty. Korean ] Bone Metab 12 :
45-50, 2005

17. Lee BJ, Lee SR, Yoo TY : Paraplegia as a complication of percutaneous
vertebroplasty with polymethylmethacrylate. a case report. Spine 27
E419-422, 2002

18. Martin JB, Jean B, Sugiu K, San Milldn Ruiz D, Piotin M, Murphy
K, et al : Vertebroplasty : clinical experience and follow-up results.
Bone 25 (2 Suppl) : 115-15§, 1999

19. Mathin JM, Barr JD, Belkoff SM, Barr MS, Jensen ME, Deramond
H : Percutaneous vertebroplasty : a developing standard of care for
vertebral compression fractures. AJNR Am ] Neuroradiol 22 : 373-
381, 2001

20. Mathis JM, Ptri M, Naff N : Percutaneous vertebroplasty treatment
of steroid-induced osteoporotic compression fracture. Arthritis
Rheum 41 : 171-175, 1998

21. Mcgraw JK, Heatwole EV, Strnad BT, Silber JS, Pawzilk SB, Boorstein
JM : Predicrive Value of Intraosseous Venography before Percutaneous
Vertebroplasty. ] Vasc Interv Radiol 13 : 149-153, 2002

22. Padovani B, Kasriel O, Brunner P, Peretti-Viton P : Pulmonary embo-
lism caused by acrylic cement: a rare complication of percutaneous
vertebroplasty. AJNR Am ] Neuroradiol 20 : 375-377, 1999

23. Peters KR, Guiot BH, Martin PA, Fessler RG : Vertebroplasty for
osteoporotic compression fractures : current practice and evolving
techniques. Neurosurg 51 (5 Suppl ) : 96-103, 2002

24. Scroop R, Eskridge ], Britz GW : Paradoxical cerebral arterial
embolization of cement during intraoperative vertebroplasty : a case
report. AJNR Am ] Neuroradiol 23 : 868-870, 2002

25. Shapiro S, Abel T, Purvines S : Surgical removal of epidural and
intradural polymethtylmethacrylate extravasation complicating
percutaneous vertebroplasty for an osteoporotic lumbar compression
fracture. Case report. J Neurosurg 98 (1 Suppl) : 90-92, 2003

26. Vasconcelos C, Gailloud P, Beauchamp NJ, Heck DV, Murphy K] :
Is percutaneous vertebroplasty without pretreatment venography
safe? Evaluation of 205 consecutives procedures. AJNR Am J
Neuroradiol 23 :913-917, 2002

27. Watts NB, Harris ST, Genant HK : Treatment of painful osteo-
porotic vertebral fractures with percutaneous vertebroplasty or
kyphoplasty. Osteoporos Int 12 : 429-437, 2001

28. Wegner M, Markwadler TM : Surgically controlled, transpedicular
methylmethacrylate vertebroplasty with fluoroscopic guidance. Acta
Neurochir (Wein) 141 : 625-631, 1999

29. Weill A, Chiras J, Simon JM, Rose M, Sola-Martinez T, Enkaoua E :
Spinal metastases : indications and results of percutaneous injection
of acrylic surgical cement. Radiology 199 : 241-247, 1996

30. Wong W, Mathis J : Is Intraosseous Venography a Significant
Safety Measure in Performance of Vertebroplasty? J Vasc Interv
Radiol 13 : 137-138, 2002

293



