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Objective: To report our experience of treating painful C1 osteolytic lesions with cement
augmentation via a lateral approach under fluoroscopic guidance.

Materials and Methods: Nine consecutive patients (eight men and one woman; mean age:
56.7+£13.2 years) with osteolytic lesions of the atlas who underwent cementoplasty via
a lateral approach were enrolled in this study. The technical success rate, operation time,
and complications were recorded. Visual analogue scale (VAS) and Neck disability index
(NDI) were used to evaluate the pain relief and neck function status pre-procedure (baseline)
and post-procedure (at 3 days; after 1, 3, 6, 12, 18, and 24 months; and at the last follow-up).
Results: The procedure was technically successful without any complications in all patients.
The mean procedure time was 44.3+7.8 min. There were three cases of bone cement leakage,
but no clinical symptoms. The mean VAS score decreased from 6.7+1.0 before the procedure
to 3.7 three days after the procedure. The mean NDI score decreased from 67.3+£11.2 before
the procedure to 39.3+£13.7 three days after the procedure. The VAS and NDI scores
decreased at each follow-up time point, and the difference was statistically significant
compared with the scores before the procedure (P<0.01).

Conclusion: Fluoroscopy-guided lateral approach is a feasible, safe, and effective method
for treatment of osteolytic lesions of the atlas and can relieve pain and stabilize the bone.
Keywords: atlas, C1, lateral, vertebroplasty, fluoroscopy

Introduction
In the past few decades, percutancous vertebroplasty (PVP) has been shown to be
effective in relieving pain and stabilizing the spine in the treatment of spinal tumors.
Given the significant advantages of this procedure, it has also been used in the treatment
of cervical osteolytic lesions. However, in the cervical spine, C1 (also known as the atlas)
has the most special anatomic shape and position. The atlas is circular with no vertebral
body and has two bilateral lateral masses. The atlas is at the craniocervical junction and is
surrounded by important blood vessels and nerves. The vertebral artery and suboccipital
nerve run cranially in the posterior superior horn of the atlas. The bilateral lateral mass of
the atlas support the skull by forming a joint with the occipital bone." Therefore,
osteolytic lesions in the C1 region have unstable characteristics and need to be treated
in a timely manner.>* For cancer patients with limited life expectancy, PVP is the most
suitable choice to relieve pain, maintain head activity, and obtain spinal stability.*

As per current literature, PVP of the C1 has been rarely reported. The puncture
approaches include transoral, lateral, and anterior

mainly posterolateral,
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retropharyngeal approaches.”'* Among them, only trans-
oral PVP has been proven to be a relatively safe proce-
dure, but it is not suitable for all patients.

To our knowledge, only 29 atlas vertebraec have been
reported across all existing publications, and 22 of them
were treated using PVP by transoral approach.’®%%
Other puncture routes are rarely mentioned, and most of
them are in the form of case reports.”'®'® They used
different puncture methods, and all studies used auxiliary
means such as preventive vertebral artery occlusion and
CT-guided puncture positioning.

The lack of relevant reports reflect the rare incidence
rate of Cl1 lesions and the challenge of navigating around
important structures in close proximity to the atlas.
Therefore, there is an urgent need for more experienced
clinical practice regarding C1 bone cement augmentation.
The purpose of this study was to report our experience in
the treatment of painful C1 osteolytic lesions with cement
augmentation via a lateral approach under fluoroscopic
guidance.

Materials and Methods
Study Design and Patients

This study was a single-center, retrospective study. This
study was approved by the institutional review board of
our Hospital and all patient provided written informed
consent. All procedures were in accordance with the ethi-
cal standards of the agency and/or the National Research
Council, as well as the 1964 Helsinki Declaration and
subsequent amendments or similar ethical standards.
From January 2011 to December 2020, nine consecutive
patients (eight men and one woman; mean age: 56.7+13.2
years) with osteolytic lesions of the atlas who underwent
cementoplasty were enrolled in this study. All patients
were referred to our department because of severe pain
that could not be relieved by conventional treatment such
as opioids, radiotherapy, and chemotherapy. None of the
patients had any neurological deficit, and had a life expec-
tancy of more than 3 months.

The treatment plan of each patient was decided by
a multidisciplinary team composed of interventional phy-
sicians, neurosurgeons, and orthopedic specialists after
excluding the contraindications of interventional proce-
dures, including uncorrectable coagulation disorders
(International normalized ratio: >1.5, platelet count:
<90,000/ mm?>) and persistent systemic infection.

Data of patients, including age and primary tumor were
prospectively entered into the database. Meanwhile, we
provide a questionnaire for patients awaiting treatment to
reflect the severity and duration of the pain and dysfunc-
tion. Before treatment, computed tomography (CT) or both
CT and magnetic resonance imaging (MRI) were per-
formed to confirm the shape and characteristics of osteo-
lytic lesions and to ascertain whether there were
pathological fractures and bone wall damage.

Procedure

Under the guidance of biplane fluoroscopy (axiom Zee
biplane), all procedures were performed with the patient
in a left or right lateral position. The whole process of PVP
was monitored by electrocardiography, pulse oxygen
saturation, and non-invasive blood pressure readings. All
interventional procedures were performed using a lateral
approach. Briefly, the patient’s jaw was raised to fully
expose the neck. According to the preoperative non-
enhanced CT and enhanced MRI, the puncture path was
determined, and the needle entry point and needle entry
angle and depth were designed, and appropriate marks
were made on the body surface. The C1 lateral mass was
projected under the guidance of anteroposterior and lateral
fluoroscopy, and the lines were drawn on the body surface
respectively. The intersection of the two lines was used as
the superficial landmark.

After disinfection of the puncture site, the puncture
approach was anesthetized layer-by-layer with 2% lidocaine
(Astra). In order to prevent anesthetics from being injected
into the blood vessels, the combination of injection and with-
drawal was used. A 17G coaxial biopsy needle (C1816A,
Bard Peripheral Vascular Inc.) was used for puncture. The
coaxial biopsy needle included a conventional puncture nee-
dle and an additional blunt tip stylet. Under the guidance of
biplane fluoroscopy, the needle was inserted from the anterior
edge of the mastoid process and the posterior edge of the
mandible, and slowly pushed forward along the posterior
edge of carotid sheath and the anterior edge of the transverse
foramen of the atlas (Figure 1). During this time, the patient’s
reaction was closely monitored. During the puncture process,
before entering the bone, the additional blunt tip stylet was
used in the soft tissue to move forward along the space
between the carotid sheath and the vertebral artery, to avoid
damaging the blood vessels and achieve safe insertion. When
the puncture needle reached the atlas, the angle was adjusted
to make the puncture needle enter the lesion along the front
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Figure | Anatomical diagram of the PVP puncture path using a lateral approach via
the space between the carotid sheath and vertebral artery.

edge of the transverse foramen of the atlas to avoid damaging
the vertical upward vertebral artery in the transverse fora-
men. This is the first key point. After aligning with the lesion
area of the atlas, the lesion was slowly punctured and the
needle moved into the predetermined position; the trocar was
then pulled out to establish the working path.

Before injection of bone cement, angiography with con-
trast medium was performed to observe the details of the
peripheral vessels. Bone cement (polymethylmethacrylate
[PMMA]) (PALACOS®V) was then prepared and loaded
into the dispenser. PMMA was injected in very small incre-
ments (about 0.1-0.3-mL increments). The diffusion of
PMMA was closely monitored under anteroposterior and
lateral fluoroscopy. When the bone wall of the transverse
foramen is damaged, it is necessary to strictly control the
amount of injection to avoid diffusion of the cement to the
transverse foramen area. This is the second key point.
Under biplane fluoroscopy, the injection was stopped
when the PMMA reached the edge of the atlas or when it
encountered a similar resistance feeling during injection.

The procedure was then terminated (Figures 2 and 3)

Data Collection

This study was a single center, prospective, observational
experiment performed using the same group of patients
before and after the comparison to evaluate the treatment
effect.

The technical success of the procedure was defined as
successful puncture into the proper part of the atlas
through the lateral approach with no obvious complica-
tions occurring during the injection of bone cement. The
volume of bone cement injected into the atlas and the
procedure duration were recorded. During the procedure,
related complications such as infection, pulmonary embo-
lism, and systemic manifestations were recorded.'” Two
specialists (each with more than 10 years’ clinical experi-
ence) performed the clinical examinations on all patients.

The clinical outcome was evaluated by the visual ana-
logue scale (VAS) and Neck Disability Index (NDI). The
VAS score was used to reflect the severity of subjective
pain. VAS scores ranged from 1 to 10, wherein a score of 0
indicated no pain and a score of 10 indicated the most
severe pain. NDI was used to evaluate the severity of
 An NDI question-

naire comprises 10 questions, and each item has six possible

dysfunction caused by neck symptoms.’

answers. The score ranges from 1 to 100. The higher the
score, the higher the degree of neck dysfunction.

Both VAS and NDI scores of patients were recorded
pre-operation (baseline) and at 3 days, 1 month, 3 months,
6 months, 12 months, and 18 months post-operation, until

the final follow-up.

Statistical Analysis

All statistical tests were conducted using SPSS 25.0 (IBM
Corporation) software. The data were expressed as mean
+standard deviations. The paired #-test was used to com-
pare the differences of mean VAS scores and NDI between
each follow-up point and preoperative scores. P<(0.05 was
considered to indicate statistical significance.

Results

Patient Demographics
The demographic and clinical characteristics of the
patients are shown in Table 1.

Of the nine patients, seven had metastatic tumors of the
atlas. The primary tumors were from the lung (n=3), liver
(n=3), and prostate (n=1). The remaining two cases were
a hemangioma and a primary lymphoma of the spine. The
lesions were located in the lateral mass of the atlas—seven
were unilateral and two were bilateral. Out of nine cases of
osteolytic lesions, four had bone wall destruction. The
interval between non-enhanced CT evaluation and the

procedure ranged from 1 to 8 days (mean: 3.9+2.4 days).
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Figure 2 A 65-year-old man with atlas metastasis due to prostate cancer. (A) coronal TIW non-suppressed fat MR enhancement sequence showed obvious bone
destruction and soft tissue mass in the lesion, and the mass showed abnormal enhancement (asterisk). (B and C) axial and reconstructed coronal images showed osteolytic
lesions (asterisks) in the bilateral lateral mass of the atlas, with enlargement of the left lateral mass. (D and E) showed that the puncture was successful through the lateral
approach guided by biplane fluorescence, and the puncture needle accurately entered the target site. (F and G) showed that the bone cement of the bilateral side mass was
well dispersed. (H and I) axial and reconstructed coronal images of non-enhanced CT immediately after operation showed no leakage of bone cement.

Procedure Safety damage or other complications such as infection, pulmonary
The procedure was technically successful in all patients. All  embolism, and systemic manifestations.
patients tolerated the procedure under local anesthesia. There The procedure time ranged from 35 min to 59 min (mean:

were no documented neurological and/or important vascular ~ 44.3+7.8 min). The volume of bone cement injected into
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Figure 3 A 55-year-old woman presented with bone destruction in the left lateral mass of the atlas due to lymphoma. (A and B) Axial and reconstructed coronal images
showed osteolytic lesions (asterisks) in the left lateral mass of the atlas, bone destruction in the anterior part of the left lateral mass, and around the transverse foramen, and
the lesion is adjacent to the vertebral artery with unclear boundary (arrow). (C) Axial TIW fat suppression MR enhancement sequence showed bone destruction and soft
tissue mass in the left lateral mass (asterisks). The mass showed abnormal enhancement, and the mass surrounded the left vertebral artery (white arrow). (D, E and F)
showed that the lateral puncture under the guidance of biplane fluorescence was successful, and the puncture needle accurately entered the target area, and the bone
cement was well dispersed. (G) Axial CT image immediately after operation showed no cement leakage around the vertebral artery (white arrow). (H) Coronal
reconstructed CT image immediately after operation showed a little bone cement leaked into the soft tissue below the left mass of atlas (white arrow).

each atlas ranged from 2.0 to 6.0 mL (mean: 3.4+1.4 mL).
Two patients had lesions on the bilateral lateral mass of the
atlas, and the amount of bone cement injected was the sum of
the two sides. Of the nine cases, three (33.3%) had cement
leakage. In all three cases, the cement leaked to the soft tissue
around the C1-C2 joint. No patients presented with clinical

symptoms due to bone cement leakage.

Clinical Evaluation
The VAS score was 6.7+1.0 before the procedure, 3.7
+0.7 three days after the procedure, and 2.8 + 0.8 one

month after the procedure. The NDI score decreased
from 67.3+11.2 before the procedure to 39.3+13.7 three
days post-procedure. Meanwhile, the mean VAS and
NDI

decreased, and the difference was statistically signifi-

scores at each post-procedural time point

cant compared with the scores before the procedure
(P<0.01) (Table 2, Figure 4).

The follow-up time ranged from 3 to 32 months,
and the mean follow-up time was 14.4+£9.7 months. Up

to the final follow-up, four patients died of the primary

tumor.

Table | Baseline Characteristics and Clinical Outcomes of the Patients

Characteristics PVP (n=9)
Age (years) (mean+SD) 56.7 + 13.2
Male/female (number) 8/1
Tumor types (lung/liver/prostatic/lymphoma/Hemangioma) (number) 3/3/1/171
Left /right /bilateral 2/512
With bone wall destruction (number [%]) 4 (44.4)
Technical success (number [%]) 9 (100)
Procedure time (min) 44.3+7.8 (35-59)
Cement filling volume (mL) 3.4+1.4 (2-6)
Journal of Pain Research 2021:14 https: 2125
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Table 2 Clinical Outcomes as Assessed by VAS Scores and NDI During Follow Up

Before Treatment 3 Days I Month 3 Months 6 Months 12 Months 18 Months 24 Months 32 Months

(n=9) (n=9) (n=9) (n=9) (n=7) (n=6) (n=2) (n=2) (n=1)
VAS 6.7£1.0 3.7£0.7% 2.8 + 0.8*% 20+ 0.7% 1.7 £ 0.5% 1.7 £ 0.5% 1.5+ 0.7% 1.5+ 0.7 1.0+ 0.0%
NDI 673 %112 39.3£13.7* 304 £ 7.8% 25.6 £ 5.4 23.7 £ 6.7 223 + 6.1* 18+2.8* 18+2.8* 16+ 0.0%

Note: *P<0.01 compared with before treatment at each follow-up point.
Abbreviations: VAS, Visual Analog Scale; NDI, Neck Disability Index.

Discussion

Although metastases are the most common osteolytic lesions
in C1, C1 metastases are still rare compared to other spinal
metastases, accounting for <1% of all spinal metastases.'’
Although the quality of life and survival time of patients
with metastatic spinal tumors have been significantly
improved, palliative treatment is still the main goal of treat-
ment. PVP has an irreplaceable value in pain relief and ver-
tebral reinforcement in patients with C1 osteolytic lesions.*
Owing to the complex anatomical structure of C1 and its close
proximity to the surrounding important structures, C1 cemen-
toplasty is very challenging. Excluding PVP via the transoral
approach, the evidence of other puncture approaches is very
limited. Our report shows that nine consecutive patients

underwent successful puncture via the lateral approach under
fluoroscopic guidance. The procedure was successfully com-
pleted under local anesthesia without complications in all
patients. Three of the nine patients had asymptomatic bone
cement leakage. The effect of relieving pain, maintaining head
activity, restoring stability, and preventing fracture is note-
worthy. Through this series of cases, we can provide a safe
and effective treatment for patients with C1 metastasis and
hemangioma. The treatment experience of patients with C1
symptomatic osteolytic lesions has been increased.

The puncture route of the lateral approach is to enter
the needle between the internal carotid artery, vein, and
vertebral artery. There are very few reports in the past, and
all of them used CT-guided puncture positioning.”'* To
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Figure 4 The process of pain relief (assessed by VAS) before and after the procedure and during follow-up.

Abbreviation: VAS, Visual Analog Scale.
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our knowledge, this is the first fluoroscopically guided C1
cementoplasty via the lateral approach and the largest
sample size study except for a report on C1 cementoplasty
via the transoral approach.® In the past, it was considered
that the lateral approach was very dangerous, as the space
between the carotid sheath and vertebral artery was very
narrow, and the needle entry direction was perpendicular
to the vertebral artery. However, our experience is that the
lateral approach is relatively safe and has unique advan-
tages, especially when the main body of the lesion is
located in the lateral mass. Because the needle is inserted
along the front edge of the transverse process hole of the
atlas, it bypasses the vertical vertebral artery in the trans-
verse process hole, and also directly bypasses the horizon-
tal V3 segment of the vertebral artery. When the puncture
needle bypasses this critical area, it can fine tune the angle
in all directions to accurately enter the lesion, because it is
relatively safe for the V3 segment of the vertebral artery
and the accompanying suboccipital nerve.

The innovation of our technology was the use of addi-
tional blunt tip stylet in the puncture needle complex, thus
reducing the puncture risk associated with neurovascular
structures. It improves the safety of puncture under fluoro-
scopy. Moreover, when the main body of the lesion was
located in the lateral mass, the volume of the lesion area
increased because of the existence of tumor tissue, which
can increase the space for safe insertion. In addition, the
needle direction was along the long axis of the lesion,
which seems to be the best treatment choice for such
patients.

In addition to the methods we reported, the puncture
paths of Cl cementoplasty mainly include the transoral
approach, posterolateral approach, anterolateral approach,
and retropharyngeal approach. Theoretically, each punc-
ture route has its advantages and disadvantages. However,
owing to the low incidence rate of C1 and the challenge of
treatment, some methods still lack clinical practice.

Transoral Approach

C1 vertebroplasty via the transoral approach is the most
commonly reported method in literature.>*®!® It is the
most direct route from C1, and the direction of needle
entry is safe for the vertebral artery, unless there are
some patients with congenital variation of blood
vessels.'” However, the needle path has a medial to lateral
direction, which is often not along the long axis of the
lesion. Moreover, under fluoroscopic guidance, the skull

will obviously block the field of vision. At the same time,

some patients such as those after parotid gland cancer
surgery cannot achieve the action required by the oral
spreader. In addition, it does increase the risk of infection.

Posterolateral Approach

The puncture path of the posterolateral approach is that the
needle passes through the posterior cervical space and
advances forward and from the outside to the inside. The
advantage is to avoid injury to the anterolateral carotid
artery, away from the vertebral artery in the transverse fora-
men, and relatively safely to the spinal cord. The difficulty
lies in the potential harm to the horizontal segment of the
vertebral artery, because it is horizontal and slightly oblique
along the vertebral artery sulcus, and accompanied by sub-
occipital nerve. The special transverse and oblique upward
direction of the vertebral artery makes it very difficult to
avoid this segment of the vertebral artery when inserting the
needle. It has been reported that prophylactic occlusion of
the vertebral artery was used to avoid cement entering the
vertebral artery.”’ However, this is not feasible if there are
lesions in both lateral masses of the atlas.

Anterolateral Approach

We believe that this method is not convenient, and the path
of the needle is very long, and it needs to extend the
cervical spine properly. However, for obese patients and
patients with severe pain, it is difficult to maintain exces-
sive stretching. Therefore, it is not suitable for each patient
and it depends on the specific anatomical structure.

Our case series has some limitations. First, our case series
is from a single center. Because of the low incidence rate of
osteolytic lesions in C1, the sample size is small; our findings
should be verified in studies with a larger sample size. Second,
the study lacked a control group. Third, the procedure
described in this study was completed by experienced inter-
ventional doctors. For those who are not familiar with this
technology, this procedure could be somewhat challenging to
perform. Our results need further validation. However, we
believe our report has still provided a method and experience
for the program to achieve a wider range of applications.

Conclusion

It is feasible, safe, and effective to treat osteolytic lesions
of the lateral mass of the atlas using the lateral approach
under fluoroscopic-guidance, which can relieve pain and
stabilize bone.
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