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Abstract

Objective: To assess the success rate, procedure time, and adverse events of intrathecal administration of nusinersen via the para-
median approach in adolescents and adults with spinal muscular atrophy (SMA) associated with scoliosis.

Methods: Seven patients with genetically confirmed SMA (age, 12–40 years) were included. Intrathecal administration of nusin-
ersen was performed via paramedian approach using fluoroscopy after determination of the largest interlaminal foramen among L2-
L3, L3-L4, or L4-L5 by three-dimensional computed tomography. We measured the times for preparation, positioning, and punc-
ture, and the total time of stay. Adverse effects of intrathecal administration were noted.

Results: Intrathecal administration via paramedian approach was successful for all 38 opportunities. The median total time of
stay was 44.0 min (interquartile range, 37.3–50.0 min). The total time of stay was significantly longer in patients with SMA type 1
than in those with SMA type 2, but was not different according to the severity of scoliosis. Adverse effects included oxygen supple-
mentation, headache, and back pain. Sedation was correlated with oxygen supplementation and headache.

Conclusions: Intrathecal administration of nusinersen via the paramedian approach had the advantages of a high success rate
and short procedure time with fewer adverse events in SMA patients associated with scoliosis.
� 2020 The Japanese Society of Child Neurology. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Spinal muscular atrophy (SMA; OMIM# 253300) is
caused by spinal motor neuron degeneration due to bial-
lelic deletions of SMN1, which encodes survival motor
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neuron (SMN) protein [1]. The lack of SMN protein
leads to muscular denervation and atrophy. The anti-
sense oligonucleotide, nusinersen, alters splicing of
SMN2 pre-mRNA and increases the expression of stable
SMN protein [2]. Repeated intrathecal administration of
nusinersen improves survival and motor function in
patients with SMA, even in adolescents and adults with
SMA types 2 and 3 [3,4]. However, intrathecal adminis-
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tration is not always easy in older patients with joint
contractures and/or severe scoliosis [4].

Intrathecal access in adolescents and adults with
SMA can be achieved via different approaches [5-12].
Posterior midline (interspinous) or paramedian (inter-
laminar) approaches have been reported as the standard
intrathecal administration routes. Lateral or prone posi-
tion is required regardless of the way of approaches,
which can cause pain and hypoxia due to hypoventila-
tion. A short procedure time is preferable to reduce
the stress of the patients. Indeed, our first intrathecal
administration of nusinersen was performed via classical
interspinous approach. It was very difficult and necessi-
tated multiple attempts and long procedure time, result-
ing in unbearable burden of the patient. Then, we
applied paramedian approach, which has made intrathe-
cal administration much easier and reduced stress of the
patients. There have been few studies regarding the suc-
cess rates and required time of the procedure according
to the procedure of intrathecal administration. We ret-
rospectively analyzed the success rate, procedure time,
and complications of intrathecal administration via the
paramedian approach in adolescent and adult patients
with SMA associated with mild-to-severe scoliosis.

2. Methods

2.1. Patients

We reviewed 38 consecutive opportunities of
intrathecal nusinersen administration in 7 patients with
SMA using radiograph-guided paramedian approach
between November 2017 and March 2020. Five patients
were referred to our hospital because intrathecal admin-
istration had been expected to be difficult. All patients
had homozygous SMN1 deletion. Two patients had 2
copies of SMN2 and the other five had 3 copies of
SMN2 (Table 1). Three patients had very severe scolio-
sis with a Cobb angle (CA) >90� (Cases 1, 2, and 5)
(Fig. 1A). No patient required spinal instrumentation
due to scoliosis.

Nusinersen was intrathecally administered with 4
loading doses in a patient with SMA type 1, and 3 load-
ing doses in 6 patients with SMA type 2. Maintenance
administration was performed every 4 months in SMA
type 1, and every 6 months in SMA type 2. Neuromus-
cular assessment was performed following previous
studies [3,4,10], including Children’s Hospital of
Philadelphia Infant Test of Neuromuscular Disorders
(CHOP INTEND), Revised Upper Limb Module
(RULM), and Hammersmith Functional Motor Scale-
Expanded (HFMSE). Some of the items in CHOP
INTEND, such as head/neck extension or spinal incur-
vation, could not be performed in these adult patients.
Motor assessments were performed the day before each
Please cite this article in press as: Iwayama H et al. Administration of nusi
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administration of nusinersen by the same occupational
therapist and physical therapist.

This study was approved by the ethics committee of
Aichi Medical University Hospital (19-H012). Informed
consent was obtained from all patients.

2.2. Procedure

On admission, spinal plain radiography and three-
dimensional computed tomography were performed to
evaluate the severity of scoliosis and the width of the
interlaminal foramen. Lumbar interlaminal foramen
was visible in all patients, leading to application of para-
median approach (Fig. 1B). Four doses were adminis-
tered by an orthopedic spine surgeon (NW) and the
remaining 34 doses were administered by a pediatrician
(HI). Imaging guidance (Ultimax-i X-ray; Canon Medi-
cal Systems, Tokyo, Japan) was utilized for needle place-
ment. All procedures were performed under local
anesthesia, and sedation was performed upon the
patient’s request.

The patients were placed in the prone position or left
lateral decubitus position without their head flexed,
depending on the patient’s comfort. On the frontal
spinal radiograph, the largest interlaminal foramen
among L2-L3, L3-L4, or L4-L5 was chosen for the pro-
cedure. Using fluoroscopy, the skin was marked aiming
for the spinous process and interlaminal foramen about
1.5 cm from the midline. After local anesthesia, a 21-
gauge spinal needle was advanced with intermittent
radiographic guidance into the interlaminal foramen
(Fig. 1C). After the spinal needle was confirmed to be
in the subarachnoid space, 5 mL of CSF was removed
and 5 mL (12 mg) of nusinersen was slowly administered
over 1–3 min in accordance with the standard protocol.
All of the procedures from positioning to administration
of nusinersen are shown in a movie (Supplemental File
1).

2.3. Evaluations

We evaluated the success rate, number of attempts,
and procedure time. The times at the arrival at the
radiographic fluoroscopy room (Time A), the beginning
of fluoroscopy (Time B), the beginning of lumbar punc-
ture (Time C), the beginning of administration of nusin-
ersen (Time D), and the exit from the radiographic
fluoroscopy room (Time E) were recorded. The times
for preparation, positioning, puncture, and the total
time of stay were calculated as Time (B minus (�) A),
Time (C–B), Time (D–C), and Time (E–A), respectively.
We also noted occurrence of major complications,
including meningitis or hydrocephalus, and minor com-
plications, including headache, back pain, nausea, and
need for oxygen and/or sedation.
nersen via paramedian approach for spinal muscular atrophy. Brain
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2.4. Statistical analysis

The time for each procedure were expressed as med-
ian (interquartile range (IQR)). We used the chi-square
test and the Mann–Whitney U test to compare categor-
ical and numerical variables, respectively. All statistical
analyses were performed using EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan) [13],
which is a graphical user interface for R (The R Foun-
dation for Statistical Computing, Vienna, Austria).
More precisely, it is a modified version of R commander
designed to add statistical functions frequently used in
biostatistics.
3. Results

3.1. Success rate and number of attempts for needle

insertion

All doses of nusinersen (n = 38) were successfully
administered via the paramedian approach (success rate,
100%). In 31 of 38 opportunities, nusinersen were suc-
cessfully administered at first attempt (first-attempt suc-
cess rate, 82%). In 7 opportunities, additional attempt of
needle insertion was required. In one patient (Case 6
with SMA type 1), 2 and 3 attempts were required to
deliver the second and the third opportunity,
respectively.

3.2. Time for each procedure

The median total time of stay was 44.0 min (IQR,
37.3–50.0 min). The median times for preparation, posi-
tioning, and puncture were 10.2 min (IQR, 6.0–
12.4 min), 7.0 min (IQR, 4.8–10.5 min), and 8.7 min
(IQR, 7.5–14.0 min), respectively. We compared time
for each procedure between 6 opportunities in SMA
type 1 and 32 opportunities in SMA type 2 (Table 2).
The times of positioning and puncture were not differ-
ent. The time of preparation was relatively longer in
SMA type 1 than in SMA type 2, whereas the difference
was not significant (p = 0.088). The time of stay was sig-
nificantly longer in SMA type 1 than in SMA type 2
(p = 0.005). The time of preparation, positioning, punc-
ture, and total stay was not significantly different
between patients with very severe scoliosis and those
with mild to severe scoliosis (Table 2).

3.3. Adverse events

There were no major complications resulting in death
or sequela. No patient required topical or general anal-
gesia during intrathecal administration. No infection
related to intrathecal injection was observed. Sedation
was requested by Cases 1 and 2 for all but one opportu-
nersen via paramedian approach for spinal muscular atrophy. Brain
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Fig. 1. Spinal radiograph shows severe scoliosis in patient 1 (A). The route of paramedian approach is illustrated by the arrow (B). Lumbar puncture
at L2-L3 via paramedian approach on frontal view (C). The arrow indicates the spinal needle. The dotted line circles the interlaminal foramen.

Table 2
Procedure time.

SMA Type 1
(N = 6)

SMA Type 2
(N = 32)

P value Very severe scoliosis
(N = 17)

None ~ severe scoliosis
(N = 21)

P value

Time of preparation (min) 10.6 (10.1–13.2) 9.7 (5.0–12.1) 1.000 10.5 (7.6–12.5) 9.5 (5.0–12.0) 0.528
Time of positioning (min) 6.5 (4.6–9.2) 7.0 (4.9–10.8) 0.458 8.5 (5.0–11.8) 6.3 (4.6–8.0) 0.212
Time of puncture (min) 9.8 (9.1–15.2) 8.6 (7.4–13.9) 0.088 9.1 (7.7–15.3) 8.5 (6.8–11.6) 0.223
Total time of stay (min) 51.5 (49.3–53.8) 43.0 (34.8–48.0) 0.005 45.0 (40.0–50.0) 43.0 (33.0–50.0) 0.453

Values are shown as median (interquartile range).
SMA: spinal muscular atrophy
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nity. Intravenous thiamylal (100–250 mg) was used for
sedation. Oxygen supplementation was required only
in 4 opportunities in Case 1, when SpO2 was <90%.
Headache was observed after 3 opportunities in Case
1. Back pain was seen in at least one opportunity in
all patients except Case 4. Nausea occurred after 1
opportunity in Case 2.

Sedation was significantly correlated with oxygen
requirement (p = 0.0082) and the occurrence of head-
ache (p = 0.0047), but not with back pain (p = 0.931)
(Table 3). Time for puncture and multiple attempts were
not correlated with these adverse events.

4. Discussion

This study showed that fluoroscopy-guided intrathe-
cal administration via the paramedian approach was
successful in patients with SMA associated with scolio-
sis. In patients with SMA, both scoliosis and lack of
spinal flexibility can be a barrier for intrathecal nusin-
ersen administration. In this study, all patients had
spinal stiffness and 3 had very severe scoliosis with a
CA >90�. For intrathecal administration, Bowens
et al. [14] suggested that mild scoliosis should be man-
Please cite this article in press as: Iwayama H et al. Administration of nusi
Dev (2020), https://doi.org/10.1016/j.braindev.2020.07.014
aged with good positioning for neuraxial anesthesia.
The paramedian approach with imaging guidance has
been recommended for the management of moderate-
to-severe scoliosis.

4.1. Success rate of intrathecal administration

A few studies have reported the first-attempt success
rate, number of attempts, and procedure time [11].
These factors were important to reduce the patients’
stress and radiation exposure. In our study, the first-
attempt success rate was 82%, even though all 7 patients
had scoliosis. In one series of 84 opportunities of nusin-
ersen delivered via the interspinous approach (20
patients of 2–50 months of age with no scoliosis), the
first-attempt success rate was 33% [12]. Wurster et al.
compared between 36 opportunities of interspinous
approach and 57 opportunities of paramedian
approach, and showed that the first-attempt success rate
was higher in paramedian approach than in interspinous
approach (84% vs. 21%) [11]. Together with these find-
ings, paramedian approach has an advantage of higher
first-attempt success rate over interspinous approach in
patients with SMA.
nersen via paramedian approach for spinal muscular atrophy. Brain
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4.2. Time for the procedure

The median total time of stay was 44.0 min in this
study, which is comparable to a previous report of para-
median approach with fluoroscopic guidance (38.0 min)
and neural foramen approach (41.2 min) [7]. For the use
of an implantable infusion port, a longer procedure time
(1.1–2.0 h) has been reported [1]. Wurster et al. also
reported that the procedure time for CT-guided
intrathecal administration was longer than that of con-
ventional intrathecal administration (42.2 min vs.
29.9 min) [11]. Of note, the procedure time in their study
was from positioning of patients to successful adminis-
tration of the drug, which is different from our study.
Radiation exposure in fluoroscopy is lower than that
in CT-guided injections [15]. On the basis of these
results, fluoroscopy-guided intrathecal administration
will result in shorter procedure time and less radiation
exposure.

The time of stay was significantly longer in SMA type
1 than in SMA type 2. The patient with SMA type 1 had
a ventilator, so it took time to move between bed and
stretcher. After the administration of nusinersen, the
patient with SMA type 1 needed a period of rest because
of exhaustion. It is considered that these were the rea-
sons why the stay time was longer in SMA type 1.

4.3. Adverse events

At present, the relation between adverse events and
puncture time, number of attempts for needle insertion,
and the use of sedation remains unclear. In this study,
puncture time had no correlation with headache or back
pain. The number of attempts was not related to the
occurrence of adverse events. The use of sedatives was
associated with requirement of oxygen supplementation
and occurrence of headache, but was not associated with
back pain. The patient who required oxygen supplemen-
tation had severe scoliosis and the deformity of the chest
compromising respiration. It will be important to avoid
sedation as much as possible in patients with severe sco-
liosis. Further study is needed to elucidate the relation-
ship between adverse events and procedure of
intrathecal administration of nusinersen.

4.4. Limitations of this study

Our study has several limitations. First, this is a ret-
rospective and non-randomized evaluation of a method
that has been used in only a few patients. Second, no
control groups were used to compare the standard inter-
spinous approach with the paramedian approach. How-
ever, we consider that the paramedian approach will be
easy and safe once one get accustomed, because the tar-
get width of paramedian approach is much larger than
that of interspinous approach. Third, our study was
nersen via paramedian approach for spinal muscular atrophy. Brain
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based only on experience in a single center. A multicen-
ter analysis confirming our results is needed before our
conclusions can be generalized to broader populations
of patients.

In summary, intrathecal administration of nusinersen
via the paramedian approach had the advantages of a
high success rate and short procedure time with fewer
adverse events in SMA patients with scoliosis.
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