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AP: anteroposterior
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INTRODUCTION

En raison du vieillissement de la population, I’incidence des fractures vertébrales,
essentiellement d’origine ostéoporotique, est en augmentation. A travers le monde, 1 400 000
événements se produisent chaque année, conduisant a des douleurs invalidantes, un décubitus
prolongé et ses complications (thromboses veineuses profondes, escarres, diminution de la
fonction respiratoire). Aux Etats-Unis, 700 000 fractures annuelles d’origine ostéoporotique
sont a l’origine de recours aux antalgiques de palier 3 dans un tiers des cas, et sont
responsables de 150 000 hospitalisations. La prévalence des fractures ostéoporotiques chez les
femmes est élevée puisqu’elles représentent environ 26% des femmes de plus de 50 ans et

40% des femmes de plus de 80 ans.

Le traitement médical conservateur associant le port du corset, le repos au lit et la prise
d’antalgiques est parfois insuffisant pour soulager les patients et éviter le clinostatisme. Les
interventions percutanées mini-invasives de la colonne vertébrale regroupent les
vertébroplasties et les kyphoplasties. Ces deux techniques basées sur l'injection, au sein du
corps vertébral fracturé, de ciment a base de polyméthylméthacrylate, connaissent un succes
croissant depuis la premiere vertébroplastie réalisée en France, par le Professeur Galibert, en
1984. En effet, elles permettent une réduction rapide et efficace de la douleur, limitent les

complications liées au décubitus et évitent 1’apparition ou la majoration d’une cyphose.

Cependant, ces techniques nécessitent l'utilisation de rayons X, rayonnements
ionisants, aboutissant a des doses d'irradiation significatives pour le patient et 1'équipe
médicale, dont les effets secondaires ont été identifiés rapidement apres leur découverte par
W. Roentgen en 1895. 1l existe deux types de risques liés aux rayons X: le risque stochastique

et le risque déterminisme.

Le risque stochastique peut apparaitre pour de faible dose d'irradiation, sans seuil. C'est la
conséquence de modifications du génome cellulaire qui aboutissent a des cancers chez les
sujets exposés et des modifications du phénotype dans leur descendance.
Le risque déterminisme est li¢ a la mort cellulaire radio-induite dont le seuil varie en fonction
du tissu atteint. Pour mémoire, une dose d'irradiation corps entier de 0,2 a 0,5 Gy conduit a
une lymphopénie temporaire, alors qu'une dose corps entier supérieure a 6 Gy aboutit a une

mort certaine.
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La radioprotection est basée sur trois principes fondamentaux: la justification,

l'optimisation et la limitation de dose.

Le principe de justification stipule que “l'introduction de rayonnements ionisants est justifiée
par un bénéfice individuel ou sociétal suffisant rapporté aux effets secondaires auxquels ils

sont susceptibles de soumettre les personnes.”

Le principe d'optimisation souvent dénommé ALARA, son acronyme anglais (as low as
reasonably achievable), est a mettre en ceuvre une fois la justification établie. Il est ainsi
rédigé dans le Code de la Santé Publique : “L’exposition des personnes aux rayonnements
ionisants résultant d’une de ces activités ou interventions doit étre maintenue au niveau le plus

faible qu’il est raisonnablement possible d’atteindre [...].”

Le principe de la limitation de dose stipule que “I’exposition d’une personne aux
rayonnements ionisants résultant d’une de ces activités ne peut porter la somme des doses
recues au-dela des limites fixées par voie réglementaire, sauf lorsque cette personne est 1’objet

d’une exposition a des fins médicales ou de recherche biomédicale.”

Ces limites ne sont pas les mémes en fonction des catégories de population (travailleurs ou
public). Elles sont exprimées en termes de valeurs limites annuelles de dose efficace (corps

entier) et de dose équivalente (organe donné).

La réglementation frangaise pour la protection des personnes contre les risques liés aux
rayonnements ionisants résulte de la transposition de la directive 2013/59/Euratom du 5
décembre 2013, au sein du Code du travail. En application du principe de limitation des
doses, la valeur limite d’exposition annuelle corps entier pour les travailleurs de catégorie B

est fixée a 6 000 uSv.

Bien que la littérature contienne un nombre important d'articles au sujet des
procédures percutanées mini-invasives de la colonne vertébrale, il existe trés peu de données
de radioprotection du patient et du médecin au cours de ces interventions. A la lumiére des
effets secondaires des rayonnements ionisants précédemment cités et en raison du nombre
croissant de vertébroplasties et kyphoplasties, les efforts de réduction de dose pourraient

devenir un enjeu dans un futur proche.
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INTRODUCTION

As the population continues to age, the treatment of vertebral compression fractures
(VCFs) due to osteoporosis, trauma, metastases and myeloma has become increasingly
prevalent (1). Every year worldwide an estimated 1.4 million VCFs, mainly due to
osteoporosis, leads to pain, disability, pulmonary function reduction as well as high mortality
(2,3). More than 700,000 osteoporotic VCFs occur yearly in the United States, representing
approximately 26% of women over the age of 50 and 40% of women over 80 years of age, of

which approximately 280 000 cause severe pain and 150 000 require hospital admission (2).

As for now, conservative non-surgical treatment of VCFs with back braces, drugs and
bed rest still has shortcomings. Historically, surgical treatment was indicated in VCF patients
with neurologic deficit or spinal instability, but the traditional open surgery is generally not
recommended due to the high risk of hardware failure in patients with osteoporosis (4).
Minimally invasive procedures (MIPs) in spinal surgery, percutaneous vertebroplasty (PV)
and kyphoplasty (KP) have become increasingly popular since Galibert performed the first
PV in France in 1984 (5). KP is the modification of the PV procedure, developed in 1998. It
was introduced to manage the kyphotic deformity and restore the vertebral height. Both
procedures rely on polymethylmetacrylate (PMMA) cement injection into the fractured
vertebra for mechanical stabilization on the VCF. They both offer fast and sustained pain
reduction while avoiding kyphosis progression. However, these surgical procedures require
numerous fluoroscopic examinations to minimize the risk of complications related to cement

leakage and require the operator to work close to the radiation source.

The harmful effects of ionizing radiation were recognized shortly after the discovery
of the X-rays, by W. Roentgen in 1895 (6). There are two types of risk linked to radiation: the

random risk and the direct risk.

The random risk is considered that may occur as a result of any radiation dose below 0.1
Sievert (Sv). Its onset is not determined by any threshold radiation. It is the consequence of
genetic cellular modifications that result in cancers in exposed subjects and phenotype

modifications in the subject’s descendants (7).
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The direct risk always appears above a certain dose and its seriousness increases with dose. It
is linked to the cell death caused by the radiations. The onset threshold differs depending on
the affected tissue. Levels of acute overall radiation associated with deterministic effects
include the following: 0.2 — 0.5 Gy: temporary lymphopenia, 4.5 Gy: median lethal dose, > 6
Gy: death unavoidable (8).

The system of radiation protection that is used across Europe and worldwide is based
on the recommendations of the International Commission of Radiation Protection (ICRP) and
the International Commission of Radiation Units and Measurements (ICRU). The ICRP is

based in the three fundamentals principles: justification, optimization and dose limitation.

The principle of justification requires that the introduction of a radiation source should

result in sufficient individual or societal benefit to offset the detriment it causes.

The principle of optimization requires that the likelihood of incurring exposures, the
number of people exposed and the magnitude of their individual exposure should al be kept as

low as reasonably achievable (ALARA), taking into account economic and societal factors.

That third principle of the ICRP’s system of protection is that of dose limitation (9).
That basic safety standard specifies the dose limit for workers as 6,000 uSv in a consecutive

twelve-months period.

Although the literature contains an impressive number of papers concerning PV, there
are few data concerning fluoroscopy time during surgery or X-ray exposure dose to both the
patient and the operator (1). In view of the previously cited radiation side effects and due to
the increasing number of MIPs, efforts to reduce X-ray exposure may become a critical goal

in the future.

The purpose of this article is to quantify radiation exposure to the patient and
physician during MIPs using fluoroscopic technique, in order to achieve best practices to

minimize exposure and mitigate long-term complications associated with radiation exposure.
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MATERIALS AND METHODS

Population

Institutional review board approved this retrospective study. It was performed over a
period of 12 months from January to December 2017 in our university hospital center,
involving 110 patients and a total of 120 MIPs. Patients underwent single or multilevel MIPs
for vertebral fractures due to osteoporosis, trauma, angioma, multiple myeloma, and spinal
metastases. Exclusion criteria were infection, neural compression, neurological deficit and

previous surgery at the involved vertebral body.

Patients were referred to our interventional radiologic unit after a clinical examination
by their general practitioner, rheumatologist, rehabilitation physician or neurosurgeon, if they
had a minimum back pain score of 6 on a 0 — 10 visual analog scale. A recent MRI of the
lumbar spine was needed, since an hyper-intense signal on MRI T2 and/or STIR (short time

inversion recovery) sequences was required for the definition of acute vertebral fracture

Fluoroscopes

All fluoroscopy-guided therapeutic injections were performed with a bi-planar digital
fluoroscopy system with a frontal 20-cm flat-panel detector, a lateral 15-cm flat-panel
detector (Allura Xper FD 20-15 CV Release 8.2 Clarity, Philips Medical System, Eindhoven,
The Netherlands). Both real-time pulsed fluoroscopy at 7.5 images per second and exposed
images at 2 images per second were used. Standard preselected exposure parameters were
about 90 kV for the AP tube voltage and 75 mA for the AP tube current, 80 kV and 20 mA for
the lateral tube. The equipment automatically starts with the low-dose setting, and a higher
dose was not usually required. However, these parameters were modulated by the automatic

exposure control and by the operator if necessary.

The operator stood on the left of the patient and the X-ray beam source was under the
interventional table (anteroposterior plane), and on the right of the patient (lateral plane). In
this way, radiologist position was standardized for each procedure. The fluoroscopes were
used during level localization, instrument insertion into the vertebral body, and during

application of radiopaque cement.
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Procedure

All procedures were performed under general endotracheal anesthesia in the prone
position (Fig. 1) with a bilateral approach. Four senior interventionists and 2 radiologist
residents performed procedures. All interventional radiologists wore thyroid shields (0.5 cm
of lead) and lead aprons (0.5 cm of lead on front and 0.25 cm of lead on the back), but no
radiation-protective gloves or lead glasses. A mobile lead curtain was placed between the
physician and the patient’s back, to reduce facial radiation. The size of the fluoroscopic image
was restricted to the smallest reasonable area: collimation was used in every procedure to see

three or four vertebral levels as well as front and back 5 cm of the vertebral body.

The entry point of the spinal needle on the index pedicle was easily identified under
the guidance of the two fluoroscopes. The operator, via foot pedals, controlled the antero-
posterior and lateral projections. Magnification views were obtained at the discretion of each
interventionist, using the ALARA concept to keep the radiation exposure as low as achievable
for both patients and interventionists: the intensity of the incident beam was increased until
the posterior vertebral wall and the pedicles were correctly identified. A metallic forceps
served as an extension for the hand and fingers of the interventionist during needle guidance
so that the hand and fingers were not in the path of the X-rays. During the initial phase of the
transpedicular puncture, the needle was advanced in the AP projection, allowing
discontinuous fluoroscopy, in order to minimize radiation exposure. When the needle reached
the back wall of the vertebra body, both AP and lateral projection and discontinuous
fluoroscopy guidance were required to advance the needle to its final position in the anterior
portion of the vertebral body. After placement of the needles through which the cement was to
be injected, a radiographic control was made to confirm the correct positioning. In addition, a
bone biopsy of the vertebral body was systematically performed and sent to the pathology
laboratory in order not to misunderstand an underlying tumor lesion. The cement was then
injected, three minutes after the mix, thanks to a range extender that allows the operator’s
hand to remain outside the fluoroscopy field. It is made up of a 30 cm long metallic tube in
which the cement flows, propelled by a metallic mandrel. During the injection, the cement
flow is monitored using fluoroscopy to assess the absence of cement leakage that may lead to
medullar compression. If technically feasible, the interventionist briefly left the fluoroscopy

room for some of the image acquisitions and went to the control room, to observe the

ALARA principle.
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KP is a similar procedure, with one additional step, during which the inflation of the
bone tamp by radio-opaque liquid restored the vertebral height and helped correct the
kyphotic deformity. After deflation, bone cement is injected in the cavity made by the balloon

device.

Instruments

PVs were performed in all patients via a bilateral pedicular — or extra-pedicular for the

highest thoracic levels — approach using traditional surgical instruments (Fig. 2):

- A biopsy and cementoplasty set for spine (t’CD II Kit, THIEBAUD S.A.S.,
Margencel, France) with:
o An injection needle with a diameter of 11 or 13 Gauge, a length of 125 mm
o An 11- or 13-gauge-diameter, 125 mm-long coaxial introducer needle
reinforced the injection needle
o A biopsy needle
- A polymethylmethacrylate bone cement (Biomet® Bone Cement V, ZIMMER
BIOMET, Valence, France)
- Delivery devices as:
o A bone cement mixer and 6 syringes of 3 mL (M’nx, THIEBAUD S.A.S.,
Margencel, France).
o A bone cement injector (X’tens, THIEBAUD S.A.S., Margencel, France).
KPs were also performed via a bilateral pedicular approach. They involved the
percutaneous placement of an inflatable balloon device, a bone stamp, into the broken
vertebral body (First Fracture Kyphopak® II Tray, Medtronic, Tennessee, USA). We used a
pack with a bone cement and a mixer (KYPHON® Xpede™ Bone Cement and KYPHON®
Mixer Pack, Medtronic, Tennessee, USA).

Dose measurements

Each interventional radiologist wore one thermoluminescent dosimeter (EPD MK2+,
apvl, Saint-Cyr-sur-Loire, France), whose record threshold was 0,1 uSv and one electronic
personal dosimeter changed every quarter (RPL, IRSN, Croissy-sur-Seine, France) placed

under the lead apron over the left chest.
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Effective doses to the patients in millisievert were estimated using the built-in dose-
area product (DAP) meter and a conversion factors from International Commission on
Radiological Protection (9), multiplying the conversion factor of 0.23 mSv.Gy'.cm™ by the
DAP (in Gy.cm?) displayed on the control panel of the fluoroscopy system (10).

Data collection

Data were obtained and crossed from three different sources: the radiological software
(X-Plore Exploitation version 7.2.20.15), the patient’s medical record (Dx Care 7.5,
Medasys), and the picture archiving and communication system (Centricity Universal Viewer,
GE Healthcare, General Electric Company, United States). The equipment has a built-in DAP

meter that reports dose values for fluoroscopy and exposed images separately.

The competent radiological protection person collected physician radiation dose for
each procedure from the thermoluminescent dosimeter. Every patient’s medical and surgical
data were recorded, including sex, age, BMI, etiology of vertebral fracture, number and index

of treated levels. We also recorded the past history of MIP over the past five years.

For each intervention, procedure specific parameters were recorded, including time of
surgery, fluoroscopy time, dose to interventionist, Kerma in air measured by both the AP and
lateral fluoroscopic tubes, dose area product. The operative time was measured from the first
projections that checked the index level to the last projections after removal of the spinal

needles.

Statistical analysis

Quantitative variables were expressed as means with standard deviation and medians
with scope. They were then compared by Student, Wilcoxon or ANOVA/Kruskal Wallis tests

depending on the normality of the distribution and the modalities number.

Qualitative variables were described by percentages and compared using Chi2 or

Fisher tests. All tests were bilateral and the threshold of significance was 5%.

Analysis was performed using SAS 9.4 software.
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RESULTS

Patient population

One hundred and ten patients (44 men and 66 women) underwent 120 MIPs meaning
that 10 patients (2 men and 8 women) underwent 2 interventions throughout the year 2017.
Mean age was 70.0 + 11.7 years old (range, 30 — 99) and mean BMI was 24.7 + 4.3 kg.m™.
Most of the procedures were realized at a single level (n=64, 53.3%), and most of vertebral

fractures were located at the thoracic spine (T5-T12, n=48).

During vertebroplasty, mean number of operative level was 2.0 + 1.3 vertebrae when

every kyphoplasty was practiced at a single level.

Osteoporosis was the main etiology of vertebral fracture among women (n=47, 63.5%)
whereas trauma was the main cause among men (n=20, 43.5%). Twenty-two patients

(18.3%), mainly due to osteoporosis, underwent two procedures over the past five years.

The clinical characteristics of the patients are summarized in Table 1.

Procedure data

PV was by far the most realized intervention, 111 procedures whose main etiology

was osteoporosis (n = 62, 55.9%), while trauma was the main etiology of KP (n =7, 77.8%).

Mean operative time was 38.9 + 19.7 minutes per procedure corresponding to
23.5 + 10.8 minutes per vertebra. KP was associated with an higher mean operative time per
vertebra, and an higher total exposure time per vertebra 4.6 + 1.1 vs. 3.5+ 1.6 (p = 0.007), but
no significant radiation raise, 8.9 = 5.7 mSv per vertebra vs. 8.5 £ 8.6 mSv per vertebra

during PV, p =0.36.

Mean total exposure time was 6.3 + 4.2 minutes per procedure corresponding to 3.5 £
1.6 minutes per vertebra. For a single level MIP, mean exposure time was 3.9 + 1.6 minutes,
3.5 + 1.5 minutes per vertebra for a 2 levels MIP, and 3.0 + 1.4 minutes per vertebra for a 3 or

more levels MIP, with a statically significant difference (p < 0.001).

Mean number of treated vertebra was lower when the resident performed the surgery

1.8+ 1.4 vs. 2.1 £ 1.2 for seniors, but the difference was not significant (p = 0.092).
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Patient radiation dose

Including all procedures, patient mean radiation dose was 13.9 + 12.3 mSy,

corresponding to 8.5 + 8.4 mSv per vertebra.

To obese patients, mean radiation dose per vertebra during vertebroplasty was
significantly higher; 11.4 + 8.5 mSv for patient with a BMI > 25 kg.m™ vs. 6.7 + 8.6 mSv for
patient with a 18.5 < BMI < 25 kg.m™ (p < 0.001), whereas there was no significant
difference to obese patients who underwent kyphoplasty (Table 2). For patients suffering of
undernourishment, mean radiation dose was lower: 4.3 + 2.4 mSv per vertebra, p = 0.028

(Fig. 3).

Regarding the cause of vertebral fractures, there was no significant difference of
patient radiation dose: 13.3 £ 10.0 mSv (median value 11.4 mSv, range 1.8 — 47.7) for
osteoporotic fracture vs. 14.4 + 14.5 mSv (median value 8.9 mSv range, 1.7 — 64.7) for

fractures due to angioma, cancer or trauma, p = 0.54.

Regarding the level of vertebral fractures, there was no significant difference of
patient radiation dose per vertebra: 9.6 £ 11.5 mSv at thoracic spine, 6.2 + 5.0 mSv at

thoracolumbar spine and 8.6 + 5.6 mSv at lumbar spine (p = 0.079).

Mean radiation dose per vertebra decreased with the number of operative level
(Table 3).
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Physician radiation dose

Including all procedures, physician mean radiation dose was 1.5 £ 1.7 puSy,
corresponding to 0.9 + 0.9 uSv per vertebra. The longer the operating time, the greater the
average dose received by the interventionist: 1.0 + 1.1 pSv when the procedure lasted less

than 38.9 minutes vs. 2.2 + 2.1 pSv when the operating time was above the average time,

p <0.001 (Fig. 4).

Regarding the two types of procedures, there was no significant difference to

physician radiation dose per vertebra: 0.8 + 1 uSv for PV vs. 0.9 + 0.4 uSv for KP, p = 0.14.

Operator mean radiation dose per level was not significantly different between
resident (0.67 = 0.53 uSv, median value = 0.56 puSv) and senior operator (0.81 £ 0.98 uSv,
median value = 0.49 uSv), p = 0.61. Even though senior operators performed much more > 3
levels MIPs than the residents (n=25, 35.7% vs. n=9, 18%, p = 0.09), there was no difference

regarding the mean operative time.

However there was a significant difference regarding the number of operative level;
the average was 1.0 £ 1.1 uSv for the single level procedures, 0.6 = 0.6 uSv per vertebra for
the two-levels procedures, and 0.7 + 0.7 puSv per vertebra for the 3 or more levels MIPS,
p=0.041 (Table 3).
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DISCUSSION

Patient mean radiation dose was 13.9 mSv, similar to the few data reported in the
previous literature (11). Physician average whole body radiation dose was 1.5 uSv per
procedure also similar to the literature (11), allowing 4,000 procedures on a 12-months
consecutive period, which is well above the hundreds of procedures realized every year in our

hospital.

We recorded an increase of 69% radiation dose during PV for obese patients. Amoretti
et al. results were similar since they noticed that there was a significant correlation between
the patient weight and radiation of the left hand (p= 0.03), the left orbit (p= 0.03), and the
thorax (p= 0.02) confirming the major influence of backscattered radiation (12). We
registered no relation between the patient’s BMI and the body effective dose to the operator.
Otherwise, there was no significant correlation between the patient radiation dose and the
vertebral level treated; Amoretti et al. obtained the same results (12). However, they
registered a higher dose to the physician during kyphoplasty compared to vertebroplasty, a

difference that was not found to be statically significant in our study (13).

In our study, there was no significant difference between residents and seniors
regarding mean time exposure and therefore the efficient dose to the patient. It is paradoxical
because the experience of the practitioner should reduce the operating time. It can be
explained by the fact that mean number of operative level was higher when the senior
performed the surgery. Besides, even though the resident perform the surgery, an experienced
interventional radiologist is present in the operative room and provide advices; we suppose it
can reduce the number of controls during vertebra localization and cement delivery that are
the most radiating phases. Gianfelice et al. showed that the learning process associated with
computed tomography fluoroscopy technology impacts procedure parameters by decreasing
both mean procedure and fluoroscopy times, thereby decreasing radiation exposure to the
patient and the operator, on a prospective analysis of 250 patients who underwent

percutaneous biopsy (14).
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The key strengths are as following: all MIPs took place in the same operating theatre,
with the same surgical instruments and the same angiographic table. The position of the

operator was also standardized.

We performed MIP with a bilateral approach because the aim was to fill the broken
vertebra to the brim to prevent the risk of a new fracture. However, a recent meta-analysis
compared the efficacy of unilateral and bilateral percutaneous kyphoplasty for osteoporotic
vertebral compression fracture in a total of 791 patients from 10 studies. The pooled results
showed a significant difference in mean radiation dose in patients between these two
approaches (weighted mean difference -1.06 mSv, p<0.001, in the unilateral KP group).
However, the pooled results revealed no significant difference in X-ray exposure to the
practitioner or clinical outcomes. Considering less operating time, lower mean radiation dose
of patients, a lower rate of cement leakage and less surgery-related costs, the authors suggest
that a unilateral KP approach is advantageous (15). In our study, mean operative time during
KP was 47.1 minutes, lower than those reported in the bilateral KP group in the meta-analysis
(57.8 minutes). Sun et al. went to the same conclusion with another systematic-review and
meta-analysis. When cement volume, short-term general health, and the previously cited

parameters are taken into consideration, unilateral kyphoplasty may be the better choice (16).

We used a bi-planar fluoroscopy because of its many benefits: it assesses a
simultaneous biplane projection of the fractured vertebral body, it reduces the operating time
and the patient radiation (17). Besides, there is no significant difference on the operator
exposure compared to a single fluoroscopy, probably because it reduces the operating time
(18). The X-ray source was beneath the patient for AP imaging and contralateral to the
radiologist for lateral view. Choi et al. indicated the importance of X-ray source positioning in
minimizing radiation exposure to the interventionist; in the three other situations, radiation

exposure was 2,7-10 times higher (19).
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A recent article from a translational medical review suggests that radioprotective
agents working through a variety of mechanisms have the potential to decrease free radical
damage produced by ionizing radiation. Radioprotective agents may be useful as an adjunct to
medical imaging to reduce patient morbidity and mortality due to ionizing radiation exposure.
Some radioprotective agents can be found in high quantities in antioxidant rich foods,

suggesting that a specific diet recommendation could be beneficial in radioprotection (20).
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In order to reduce the operator exposure, there are several parameters to be considered.

Distance from radiation source is a critical factor for reducing radiation exposure
during spine surgery. However, during MIP, the operator has to work close to the irradiated
area of the patient, especially during cement injection. Several new devices are available
which allow the operator to inject the cement away from the field of fluoroscopy. Komenushi
et al. demonstrated the use of a bone cement injector was useful in reducing the level of
radiation exposure to operator during CT-guided vertebroplasty, compared to the use of a
I-mL syringe (21). In 2015, Wang et al. realized a clinical trial with a newly designed device
used to minimize operator’s radiation exposure during kyphoplasty. The use of a remote
control injection system can significantly reduce surgeon’s radiation exposure without
affecting the efficiency of procedures (22). On the other hand, Panizza et al. demonstrated
that the technique of distance cement delivery appears to be slower than the manual injection
technique and it requires a more protracted fluoroscopic control in the lateral projection, so

that this system entails a higher amount of dose to the patient (23).

The other parameter that plays a considerable part in the radiation dose is the exposure
time. In this study, the mean total exposure time was 6.3 minutes. Amoretti et al. evaluated
the radiation dose received by the practitioner when performing dual guidance PV, by CT and
fluoroscopy, for specific anatomical sites (12). The technique of coupling the CT scanner and
fluoroscopy reduces fluoroscopy time since their average time was 1.93 minutes for
vertebroplasties, while it was from 5,4 to 60 minutes in the literature. Konemushi’s team also
used the CT scanner coupled with fluoroscopy and measured fluoroscopy times higher than
Amoretti’s: 7.54 and 6.66 min on average, respectively, without and with a cement injector
(21). Other teams have used the scanner in continuous fluoroscanner mode and shown that the

radiation doses are very high and can exceed 1 mGy/s (24-26).
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Because of the need for universal precautions and the toxic nature of lead, the use of
nondisposable lead devices has not proven practical. However, King et al. revealed that the
use of a sterile bismuth drape reduce the scatter rates by five- to nine-fold. Also, the scatter, as
expected, can be substantially reduced through the use of increased collimation (27).
Furthermore, Synowitz et al. emphasized the importance of surgeons wearing lead glove
protection on their leading hands during percutaneous vertebroplasty procedures and
demonstrated a 75% reduction rate of exposure to radiation (28). According to Von Wrangel

et al., the results are more moderate, because wearing protective gloves would reduce

radiation dose to the hands by 30-40% (11).

Protective devices, such as thyroid shields and body lead aprons, when worn
consistently, reduce radiation dose exposure. Rampersaud et al. demonstrated a 98%
reduction in chest exposure (69.7 to 1.05 mrem/procedure) with apron shielding (29), while
Ahn et al. demonstrated respective decreases of 94.2% and 96.9% for chest and thyroid with
appropriate shielding (30). Lead aprons should have at least 0.25 mm lead equivalence on the
back and front. Struelens et al. registered, in a multi-center study, a median left eye dose of 34
uSv, but a maximum of 836 uSv, a median dose to the right finger of 118 uSv but with a
maximum of 7.7 mSv (31). Annual dose to the hand assessed by the cumulated doses almost
reached the annual dose limit of 500 mSv, while annual dose to the eyes exceeded the lens
dose limit of 20 mSv per year. In the light of these results, the use of lead glasses is strongly

recommended for protection of the eyes.

There are some limitations in our study. Firstly, since it was a single-center and
retrospective study and since only 110 patients were included, the sample size was still
relatively small and some result values may lack power. Secondly, there were inconsistencies
in the operating time or physician radiation dose that may have a negative influence on the
reliability of important results. Thirdly, the results of this study have to be moderated because
real dose exposures to patients were estimated by conversion of the dose-area product.
Fourthly, we only took an interest to the radiation dose delivered to the chest; we did not
measure the doses delivered to the left eye and the right hand that are the 2 most irradiate
areas. Lastly, the intensity of the X-ray beam was modulated by the physician, which can lead

to variability between procedures.
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CONCLUSION

Mean radiation dose to patient and physician recorded in our study do not exceed the
values reported in the previous literature. There was a significant correlation between the
patient’s weight and patient radiation dose confirming the major influence of scattered
radiation. Unilateral approach can be an interesting alternative to obese patients or to patients

regularly monitored by ionizing radiation.

Since the recommendations will change in 2021, a prospective study will be necessary

to assess the radiation dose to lens and extremities.
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CONCLUSIONS

Les fractures vertébrales représentent un probléme socio-économique manifeste et peuvent
dans les situations les plus défavorables étre responsables de douleurs invalidantes, de perte
d’autonomie, d’hospitalisation prolongée et d’un recours aux antalgiques puissants.

Les procédures percutanées mini-invasives de la colonne vertébrale connaissent un véritable
essor depuis plusieurs années portées par leur efficacité antalgique immédiate et durable, et
par I'laugmentation de I'incidence des fractures vertébrales d’origine ostéoporotique liées au
vieillissement de la population. Ces procédures utilisent des rayonnements ionisants dont
I’exposition répétée n’est pas sans conséquence pour les patients ou I'équipe médicale.

L'obésité du patient est associée a une augmentation significative de la dose d’irradiation
corps entier recue par le patient (11,4 milli-Sievert pour les patients dont I'indice de masse
corporelle est supérieur a 25 kg.m contre 6,74 mSv pour les patients dont 'IMC est compris
entre 18,5 et 25 kg.m'z, soit une majoration de 69%) lié a I'importance du rayonnement
rétrodiffusé.

La dose annuelle d’irradiation corps entier recue par les neuro-radiologues est faible
(environ 150 pSv sur une période de 12 mois consécutifs), inférieure aux limites annuelles
fixées pour le personnel de catégorie B, soit 6 000 uSv.

Il sera nécessaire de renforcer la vigilance en matiére de radioprotection pour les patients
obéses ainsi que pour les patients ostéoporotiques sévéres susceptibles de bénéficier de
plusieurs interventions percutanées de la colonne vertébrale a intervalle rapproché.

Par ailleurs, il conviendra de mener une étude qui s’intéressera aux doses équivalentes
recues par le cristallin et les extrémités du médecin, afin de s’assurer qu’elles ne soient pas
un facteur limitant le nombre d’intervention annuelle pratiquée par chaque médecin.

Le Président du jury, Vu et permis d'imprimer
i Dijon, le ok(o6/2-43
;L Le Doyen
T m———~
Pr. F. RICOLFI Pr. M. MAYNADIE
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APPENDICES

Fig. 1 Installation of the patient for minimal invasive procedure of the spine.
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Table 1. Patient demographics and intervention characteristics.

Mean age (years) 70.0+11.7
Male sex 44 (40%)
Mean BMI (kg.m™) 24.7+4.3
Interventions (MIPs) 120
Vertebroplasty 111 (92.5%)
Kyphoplasty 9 (7.5%)
Osteoporosis 63 (52.5%)
Cause Trauma 33 (27.5%)
Cancer 20 (16.7%)
Angioma 4 (3.3%)
Thoracic spine 48 (40%)
Localization Thoracolumbar spine 25 (20.8%)
Lumbar spine 47 (39.2%)
1 64 (53.3%)
Number of treated levels 2 22 (18.3%)
>3 34 (28.3%)
Mean number of operative levels 1.9
Mean operative time (min) 389+19.7
Total exposure time (min) 6.3+4.2
Patient mean radiation dose (mSv) 139+12.3
Physician mean radiation dose (uSv) 1.5+1.7

BMI body mass index, MIPs minimal invasive procedures

Table 2. Patient radiation dose per vertebra (millisievert) according to the type of intervention
and the body mass index (kg.m™).

185<BMI<25 BMI>25 P values
Vertebroplasty 6.7+ 8.6 11.4+8.5 <.001
Kyphoplasty 63+34 109+ 6.6 248
MIPs 6.7+8.4 11.4+8.3 <.001

Data are the mean =+ standard deviation
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Table 3. Patient (millisievert) and physician (microsievert) radiation dose per vertebra
according to the number of operative levels.

1 level 2 levels >3 levels P value
Patient radiation dose
per vertebra (mSv) 0.0007
Mean value (std) 10.6 (10.1) 6.9 (6.0) 5.74.4)
Median value 8.0 4.6 4.9
(min — max) (1.7-64.7) (2.0-25.6) (1.1-21.3)
Physician radiation dose
per vertebra (uSv) 0.0407
Mean value (std) 1.0 (1.1) 0.6 (0.5) 0.7 (0.7)
Median value 0.8 0.5 04
(min — max) (0.0-8.0) (0.1-2.0) (0.1-3.3)
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Fig. 3 Box-plots of the patient mean radiation dose (millisievert) during vertebroplasty
according to the body mass index (kg.m™).
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Fig. 4 Box-plots of physician mean radiation dose (microsievert) according to the operating

time.
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RESUME :

INTRODUCTION : LE BUT DE CETTE ETUDE ETAIT D’EVALUER LA DOSE D’IRRADIATION RECUE PAR LE PATIENT ET LE
MEDECIN AU COURS DES INTERVENTIONS PERCUTANEES MINI-INVASIVES DE LA COLONNE VERTEBRALE DANS LE
BUT DE DEFINIR DES VALEURS DE REFERENCE LOCALES ET D’ENVISAGER LES MOYENS SUPPLEMENTAIRES DE
RADIOPROTECTION.

MATERIEL ET METHODES : UNE ETUDE RETROSPECTIVE SUR 12 MOIS A MESURE LA DOSE EFFICACE D’IRRADIATION
A LA PEAU DU PATIENT ET LA DOSE D’IRRADIATION CORPS ENTIER DU MEDECIN AU COURS DES VERTEBROPLASTIES
ET KYPHOPLASTIES. CENT-VINGT INTERVENTIONS ONT ETE REALISEES CHEZ 111 PATIENTS UTILISANT UN ABORD BI-
PEDICULAIRE SOUS GUIDAGE FLUOROSCOPIQUE.

RESULTATS : LE TEMPS MOYEN D’EXPOSITION ETAIT DE 6,3 MINUTES PAR PROCEDURE. L'IRRADIATION MOYENNE
CORPS ENTIER DU MEDECIN ETAIT DE 1.5 puSV PAR PROCEDURE. CHEZ LES PATIENTS OBESES, LA DOSE MOYENNE
D’IRRADIATION PAR VERTEBRE AU COURS DES VERTEBROPLASTIES ETAIT SIGNIFICATIVEMENT PLUS ELEVEE ; 11,4
MSV CHEZ LES PATIENTS DONT L'INDICE DE MASSE CORPOREL ETAIT SUPERIEUR OU EGAL A 25 KG.M_Z, CONTRE 6,7
MSV CHEZ LES PATIENTS DONT L’'IMC ETAIT COMPRIS ENTRE 18,5 ET 25 KG.M_2 SOIT UN SURCROIT D’IRRADIATION
DE 69% (P<0,001). IL N’Y AVAIT PAS DE DIFFERENCE SIGNIFICATIVE D’IRRADIATION EN FONCTION DU TYPE DE
PROCEDURE, DU NIVEAU OU DE L'ETIOLOGIE DE LA FRACTURE.

CONCLUSION : L’OBESITE ETAIT ASSOCIEE A UN SURCROIT D’IRRADIATION DU PATIENT EN LIEN AVEC LE
RAYONNEMENT RETRODIFFUSE, SANS IMPACT SUR LA DOSE D’IRRADIATION DU MEDECIN.

MOTS-CLES : RADIOPROTECTION — PROCEDURE MINI-INVASIVE — VERTEBROPLASTIE — KYPHOPLASTIE — COLONNE
VERTEBRALE



