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Abstract 

Background Intrathecal injection of medications can be challenging in spinal muscular atrophy (SMA) patients with 
severe scoliosis or after spine surgery. Here we report our experience with real-time ultrasound (US)-guided intrathe-
cal administration of nusinersen in patients with SMA.

Methods Seven patients (six children and one adult) with either spinal fusion or severe scoliosis were enrolled. We 
performed intrathecal injections of nusinersen under US guidance. The efficacy and safety of US-guided injection 
were explored.

Results Five patients had undergone spinal fusion, while the other two presented severe scoliosis. Success was 
achieved in 19/20 lumbar punctures (95%), 15 of which were performed through the near-spinous process approach. 
The intervertebral space with a designated channel was selected for the five postoperative patients, while the inter-
spaces with the smallest rotation angle were chosen for the other two patients with severe scoliosis. In 89.5% (17/19) 
of the punctures, the number of insertions was no more than two. No major adverse events were observed.

Conclusion Given its safety and efficacy, real-time US guidance is recommended for SMA patients with spine sur-
gery or severe scoliosis, and the near-spinous process view can be used as a interlaminar puncture approach for US 
guidance.
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Background
Nusinersen was the first approved disease-modifying 
therapy for spinal muscular atrophy (SMA), and it 
effectively improves motor function [1]. Given its large 
molecular weight, it cannot pass the blood–brain bar-
rier, thereby requiring an intrathecal injection. How-
ever, the intrathecal injection can be challenging for 
patients with SMA with severe spinal deformities or 
spondylodesis. Computed tomography (CT) guid-
ance, cone-beam CT guidance or fluoroscopy guidance 
can facilitate lumbar punctures [2–5], but they can 
cause accumulated radiation exposure during long-
term applications [6], especially for children, leading 
to potential cancer risks [7]. Ultrasound (US) guid-
ance has the advantages of nonradiation and real-time 
administration [8], but owing to technical challenges, it 
is seldom used for intrathecal injection in patients with 
SMA with scoliosis [9–13] and even more seldom in 
patients after spine surgery [11, 12].

In this study, we report our experience with real-
time US-guided intrathecal injections of nusinersen in 
patients with SMA after spinal fusion or patients with 
severe spinal deformities. We also provide detailed 
technical points to encourage the use of US during 
intrathecal nusinersen administration.

Methods
Study population
The Ethics Committee of Peking University First Hos-
pital approved this study. From January 1, 2022 to June 
30, 2022, 50 patients genetically diagnosed with SMA 
were admitted to our hospital for treatment with nusin-
ersen. However, seven of them had severe scoliosis and/
or spinal surgery, which resulted in difficulty with lum-
bar puncture. Before the first attempt, the possible risks 
and benefits of US guidance and CT guidance were 
discussed with each patient and their guardians. All of 
them chose US-guided lumbar puncture and signed an 
informed consent form.

Preparation before intrathecal injections
We collected patients’ clinical data such as age during 
symptom onset and initial treatment, sex, SMA sub-
type, motor function, and genotype. For postoperative 
patients, we reviewed the detailed procedures of spine 
surgery, including the type and extent of surgery and 
the location of the channel reserved for lumbar punc-
ture. Before the first intrathecal injection, anteroposte-
rior and lateral full-body X-rays were taken to analyze 
Cobb’s angle and the degree of lumbar spine rotation, 
which was assessed according to Nash and Moe crite-
ria [14]. Unlike previous reports [9, 11, 13], we did not 

routinely perform spinal three-dimensional computed 
tomography (3D-CT) in this study to reduce radiation 
exposure.

US‑guided intrathecal delivery of nusinersen
Additional file  1 (Video) details the entire intrathecal 
injection procedure. The lumbar puncture operators were 
sonographers with experience in US-guided puncture 
(one senior physician with 20 years of experience and two 
young physicians with 7 and 5  years of experience). All 
patients were placed in the left lateral decubitus position, 
with the hip and knee flexed as much as possible to widen 
the lumbar intervertebral space.

US scanning was performed using a Canon Aplio 800 
system (Canon Medical Systems, Tokyo, Japan) with an 
i8CX1 convex array probe (1–8  MHz). Before lumbar 
puncture, the interlaminar space of interest and optimal 
puncture route were determined through preprocedural 
scanning. The transforaminal approach and the inter-
laminar approach through the parasagittal oblique view 
were performed as described previously [9, 12]. The main 
points of the near-spinous process view are briefly sum-
marized as follows. Initially, the L5–S1, L4–L5, and L3–
L4 intervertebral spaces were identified through the right 
parasagittal oblique view by starting from the sacrum 
and moving the transducer cephalad (Fig.  1a). The spi-
nal canal was visible in this view (between the posterior 
dura and anterior dura). For patients who underwent 
spine surgery, we selected the intervertebral space with 
a reserved channel for lumbar puncture. Then, parallel 
to the spine, the probe was moved toward the median 
plane to reveal the spinous process (Fig. 1b). Finally, the 
probe was moved slightly toward the parasagittal view; 
however, it did not reach the parasagittal plane until the 
spinal canal was displayed; this view was defined as the 
near-spinous process view (Fig.  1c). The intersection 
of the interspinous space and the near-spinous process 
view was the puncture point (Fig.  1d). After preproc-
edure scanning, the operator covered the probe with a 
sterile cover and attached a puncture frame, whose angle 
was adjusted according to the previously defined punc-
ture path. After the skin was disinfected with iodophor, 
local anesthesia was introduced using 2% lidocaine. 
Using iodophor as the couplant for the probe to maintain 
sterility, the operator scanned again to find the previ-
ously defined puncture route and then installed an 18G, 
180  mm percutaneous transhepatic cholangiography 
puncture needle on the puncture frame. The operator’s 
left hand was used for holding the probe for real-time 
positioning and the right hand for gradually inserting the 
puncture needle along the set angle (Fig. 1e). When the 
US showed that the needle tip reached the spinal canal, 
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the needle core was removed. Cerebrospinal fluid out-
flow indicated a successful puncture. Thereafter, 5 ml of 
cerebrospinal fluid was removed, and 5 ml of nusinersen 
was injected for over 1–2 min. After needle removal, the 
puncture point was compressed to prevent hemostasis 
for 20  min. Then, the patient was placed in a comfort-
able supine position for at least 4 h. If the puncture was 
unsuccessful, the operator would withdraw the needle 
and then reinsert it. If it failed thrice, the operator would 
switch to another intervertebral space. If the puncture 
failed in three intervertebral spaces or if the patient 
wished to stop the procedure, the operator would discon-
tinue the procedure and use CT-guided puncture instead.

Data collection
The number of needle insertions during each puncture 
was recorded. We defined the operation time as the time 
from the preprocedure scanning to the completion of 
the intrathecal injection, and the puncture time as the 
time from the period the needle punctured the skin to 
the period of cerebrospinal fluid outflow. Adverse events 
during lumbar puncture were recorded, and postproce-
dural adverse events were evaluated through a telephone 
interview 72  h after puncture. In addition, patients’ 
motor function before the administration of each dose 
of nusinersen was assessed using the Children’s Hospital 

Fig. 1 Different sagittal views under ultrasound. a Parasagittal oblique view. b Spinous process view. c In the near spinous process view, the 
spinal canal is clearly shown without bony structures. d Schematic diagram of the vertebral body shows the position of the different views in the 
transverse section, as well as the location of the puncture point (red dot). e During the puncture process, the left hand held the probe for real-time 
guidance, and the right hand inserted the needle along the fixed angle on the guide frame
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of Philadelphia Infant Test of Neuromuscular Disorders 
(CHOP-INTEND; score range: 0–64).

Results
Seven patients received intrathecal injections of nusin-
ersen under US guidance. Table 1 summarizes the demo-
graphic and clinical data. Two patients were diagnosed 
with type 1c SMA, 3 with type 2a SMA, and 2 with 
type 3a SMA. Cases 1–5 had undergone spinal fusion, 
of which three had additional laminotomy at the L3–L4 
level. In the other two patients, although no laminectomy 
was performed, the L3–L4 or L4–L5 level were purposely 

exempted in bone grafting. The median time from spine 
surgery to first nusinersen dose was 5  months (range: 
1–23 months). Full-body spine X-rays showed a median 
Cobb’s angle of 45° (10°–87°), with lumbar spine rotation 
ranging from grades 0 to IV (Fig. 2).

This study performed 20 US-guided lumbar punc-
tures, of which 19 (95%) were successful (Fig.  3). Four 
patients received four loading doses under US guidance. 
The other three cases (4, 5, and 7) had previously under-
gone CT-guided punctures. Case 4 successfully received 
the fourth dose under US guidance, and case 5 received 
the fifth dose. For case 7, the third dose was successfully 

Table 1 Demographics, clinical characteristics, and details of intrathecal injections

SMA spinal muscular atrophy, SMN survival motor neuron, NA not available
a Rotation of the spine was referred to as the maximum degree of lumbar spine rotation on X-ray, according to the Nash and Moe criteria
b Operation time was defined as the time from the preprocedure scanning to the completion of the intrathecal injection
c Puncture time was defined as the time from the needle puncturing the skin to the outflow of cerebrospinal fluid

Clinical 
characteristics

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Age at first dose 
(y)

12 12 12 19 16 13 15

Sex Male Female Male Male Female Female Female

Copies of SMN2 
gene

3 3 NA 3 3 2 NA

SMA subtype 2b 1c 3a 2b 3a 1c 2a

Motor function Sit independently Sit on the back Sit indepen-
dently

Sit independently Sit indepen-
dently

Sit on the back Sit on the back

Spine features Spinal fusion Spinal fusion Spinal fusion Spinal fusion Spinal fusion Severe scoliosis Severe scoliosis

Lumbar lami-
notomy

No L3–L4 No L3–L4 L3–L4 – –

Time-interval 
between spine 
surgery and first 
dose nusinersen

5 months 1 year and 
11 months

1 month 3 years and 
4 months

1 month – –

Cobb’s angle 13° 45° 10° 87° 18° 77° 75°

Rotation of  spinea 0 IV 0 IV I III IV

No. of procedures 4 4 4 1 1 4 1

Injection level L4–L5 L3–L4 L3–L4 L3–L4 L3–L4 L4–L5 L5–S1

No. of interspace 
level adjustments 
per procedure

1/1/1/1 1/1/1/1 1/1/1/1 1 1 3/1/1/1 1

No. of insertions 
per procedure

2/2/1/1 3/2/1/1 2/1/1/1 1 1 8/2/1/1 2

Operation time 
(min)b

35/34/18/19 45/28/17/15 20/18/14/13 17 19 56/37/17/15 37

Puncture time 
(min)c

12/8/5/3 20/10/3/2 7/3/2/2 3 3 30/15/3/3 5

Adverse events Transient leg 
numbness, 
postpuncture 
headache

Post-puncture 
headache

No No No Lumbar pain No

CHOP INTEND 
score before first 
and last dose

29/36 19/30 29/37 NA NA 21/26 NA
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injected under US guidance, but the fourth dose failed. 
The subsequent CT-guided puncture was successful. All 
patients tolerated the procedures without requiring seda-
tion or general anesthesia.

For cases 1–5, who had undergone spine surgery, we 
selected the intervertebral space with a designated punc-
ture channel: L3–L4 for four patients and L4–L5 for the 
other patient. For case 6, who had severe scoliosis and 
did not receive surgery, the lumbar punctures at both 
the L2–L3 and L3–L4 levels were unsuccessful because 
of severe spinal deformity; finally, we chose L4–L5 with 
the smallest rotation angle and succeeded. Therefore, 
the L4–L5 intervertebral space was always selected for 
case 6 in subsequent procedures, and all were successful. 
Similarly, the L5–S1 intervertebral space with the small-
est rotation angle in the lumbar spines was selected for 
case 7; the procedure was successful at the third dose but 
failed at the fourth.

Regarding puncture approach, for case 1, the transfo-
raminal approach was used for the first two procedures, 
but transient right leg numbness occurred during the 
second puncture. Therefore, the interlaminar approach 
was used in the subsequent lumbar punctures of all 
patients. For cases 2 and 6, the parasagittal oblique view 
was selected on the first attempt, but it turned out to be 
difficult; the needle was reinserted several times before 
the procedure became successful. Hence, we chose the 
near-spinous process approach (see “Methods” and  
Additional file 1: Video 1) for the subsequent 16 lumbar 
punctures, 15 of which went well, except for the fourth 
dose in case 7. To summarize, of the 19 successful lum-
bar punctures in this study, two were through the trans-
foraminal approach, two were through the parasagittal 
oblique approach and the remaining 15 were through 
the near-spinous process approach.

Fig. 2 Anteroposterior full-body X-rays of SMA patients with spinal fusion or severe scoliosis. a–g were for cases 1–7, respectively

Fig. 3 Real-time ultrasound-guided lumbar puncture in an SMA patient who had undergone spine fusion. a The ultrasound image showed that the 
needle reached the spinal canal in the intervertebral space reserved during spinal fusion. b Clear cerebrospinal fluid was successfully discharged 
from the puncture needle
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In 17 (89.5%) out of 19 punctures, the number of 
insertions was no more than two. More than two inser-
tions (both via the parasagittal oblique view) occurred 
only in the first dose of cases 2 and 6. The median oper-
ation time was 19  min (13–56  min), and the median 
puncture time was 3  min (2–30  min). With increased 
experience, the operator performed puncture at a 
shorter time for the last doses compared with the first 
dose.

No major adverse events transpired in all procedures, 
but some minor complications occurred. For instance, 
1 patient reported transient leg numbness at the second 
dose, 2 suffered from a postpuncture headache, and 1 
complained of low back pain; nevertheless, all of these 
were relieved after bed rest within 72  h. Cerebrospinal 

fluid tests, complete blood count, liver and renal func-
tion, and coagulation profile remained unremarkable.

During follow-up, the CHOP-INTEND scores of 
patients showed varying degrees of improvement after 
four doses (median, 7.75 [range: 5–11]) (Table 1).

Discussion
In this study, we introduced a modified interlaminar 
approach using real-time US guidance to effectively and 
safely assist intrathecal injection in patients suffering 
from SMA with spine surgery or severe scoliosis.

Intrathecal injection is difficult for patients with con-
current SMA and severe scoliosis, and it is even more 
challenging for patients who underwent spinal fusion 
because of the lack of spinous processes as anatomical 

Table 2 Summary of clinical features of the present and published studies associated with ultrasound-guided nusinersen 
administration

SMA spinal muscular atrophy

References Nagano et al. [13] Zhang et al. [9] Zanfini et al. [10] Veiga‑Canuto 
et al. [11]

Snoj et al. [12] This study

No. of patients 1 3 18 18 14 7

Age, years 21 28 (14–34) 49 (21–66) 16 (7–63) 33 (22–50) 13 (12–19)

Children: adults 0: 1 1: 2 0: 18 10: 8 0: 14 6: 1

SMA subtypes

  Type 1 0 0 0 0 0 2

  Type 2 1 1 7 14 11 3

  Type 3 0 2 11 4 3 2

Spine surgery

  Growing rods 
(No.)

Previously 
implanted and 
removed later

– – 9 – –

  Spinal fusion 
(No.)

– – – 3 10 5

Cobb’s angle: 
median (range)

60° (103°–130°) (30°–> 50°) 53.5° (21°–87°) 54.6° (20°–85°) 45° (10°–87°)

Lumbar spine axial 
rotation

Severe NA Mild-severe NA 43.2 (10–81) Mild-severe

No. of successive 
procedures

3 15 57 91 14 19

Success rate 100% 100% 100% 96.8% in procedures
77.7% in patients

60% in patients 95%

Injection levels L3–L4, L4–L5 L4–L5, L5–S1 L3–L4, L4–L5 NA L1–L2, L2–L3, L3–L4 L3–L4, L4–L5, L5–S1

Approach Parasagittal oblique 
approach

Parasagit-
tal oblique 
approach

Parasagittal oblique 
approach

Parasagittal oblique 
approach

Transforaminal 
approach

Near-spinous process 
approach

Sedation Sedation with 
midazolam

No No Sedation with 
midazolam and 
Ketamine

No No

Adverse events

  Post-puncture 
headache (°)

No 1 2 3 1 2

  Severe adverse 
events

No No No Acute urinary reten-
tion

Inadvertent vein 
access

No
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landmarks. CT guidance and fluoroscopic guidance 
are often used for these patients to assist with lum-
bar puncture [2–4], but long-term radiation exposures 
are expected [6], especially for children [7]. Currently, 
reports of US-guided intrathecal injection of nusinersen 
are still few (Table 2) [9–13], possibly because of techni-
cal challenges. Such reports are even fewer in patients 
with SMA with spinal fusion [11, 12]. Snoj and Salapura 
[12] reported the use of the transforaminal approach for 
nusinersen administration in patients with SMA with 
spinal fusion, but this approach carries a higher risk for 
radicular and vascular injuries than the traditional inter-
laminar approach [15, 16]. In recent years, orthopedic 
surgeons have routinely performed laminotomy during 
spinal fusion to create a channel for lumbar punctures 
[17, 18], making it possible to perform intrathecal injec-
tions through the interlaminar approach. Veiga-Canuto 
et al. [11] were the first to report the US-guided interlam-
inar approach for nusinersen administration for patients 
who underwent spinal fusion, and our study is the second 
to report its successful use in five postoperative patients, 
thereby strengthening the evidence and providing more 
technical details. Therefore, as long as puncture access is 
created intraoperatively, US guidance effectively assists 
the intrathecal injection of nusinersen in patients after 
spinal fusion.

In selecting the intervertebral space for lumbar punc-
tures, we chose the interlaminar space with a designated 
puncture path for postoperative patients, and the inter-
space with the smallest rotation angle of adjacent ver-
tebral bodies for patients without surgery. In case 6, the 
lumbar puncture failed at the L2–L3 and L3–L4 levels at 
first, but it succeeded at the L4–L5 level with a smaller 
rotation angle. The reason is that the greater the spine 
rotation angle, the more inclined the puncture nee-
dle would be, and the more difficult it is to control the 
direction of the needle. To ensure accuracy of the nee-
dle direction, we used a puncture frame to fix the needle 
direction during the lumbar puncture, which also made it 
easier for the sonographer to operate the probe and the 
puncture needle simultaneously [8]. However, US guid-
ance remains challenging for patients with a very narrow 
intervertebral space because of severe rotation and scoli-
osis. For case 7, the third nusinersen dose under US guid-
ance was successful, but the fourth dose failed. Therefore, 
for patients with severe spinal deformities, US guidance 
can be tried first. If it fails, CT guidance is an alternative 
option. In addition, although nusinersen was injected at 
different levels, no differences in efficacy and safety were 
found in this study.

According to the anatomical characteristics of severe 
spinal deformities and our experiences, we proposed 
that the near-spinous process view is a better US-guided 

interlaminar approach for lumbar puncture than the 
parasagittal oblique view. Traditionally, lumbar punc-
ture is performed from the spinous process plane, where 
the intervertebral space is widest. However, acoustic 
shadows appear under the spinous processes on US; 
consequently, the spinal canal cannot be clearly visual-
ized. Therefore, the parasagittal oblique view, which is 
approximately 1–2  cm away from the spinous process 
view, is mostly used during US guidance to better visual-
ize the spinal canal [19, 20]. However, the intervertebral 
space of the paramedian approach is relatively narrow; 
this limited width can be aggravated by severe scoliosis 
and/or rotation. In our study, the first dose via the par-
asagittal approach for patients 2 and 6 was unsuccessfully 
administered because of the narrow intervertebral space. 
Thus, we designed a near-spinous process view obtained 
by moving the probe slightly outward from the spinous 
process until the spinal canal could be visualized. This 
view has not yet reached the standard laminar view, so 
the intervertebral space is wider than the parasagittal 
oblique view, making lumbar puncture easier to perform. 
In this study, 15 subsequent lumbar punctures were suc-
cessfully performed through the near-spinous process 
view. Following the standard protocols, even our young 
sonographers could perform US-guided lumbar punc-
tures independently. Therefore, according to our single-
center experiences, the near-spinous process view may 
be a good choice for US-guided intrathecal injection in 
patients with spinal deformities. However, this approach 
still needs to be confirmed by the experience of more 
centers and larger samples.

In the present study’s preprocedure preparation, 
full-body spine X-rays were sufficient for assessing the 
degrees of scoliosis and spine rotation, and 3D-CT 
reconstructions, as reported in the previous literature 
[9, 13], were not required because sonographers relied 
primarily on real-time ultrasound imaging rather than 
CT for lumbar puncture. Previously, the puncture path 
designed according to CT was unsuccessful in the actual 
US-guided puncture process [9]. Preventing preproc-
edure CT also reduces patient’s exposure to radiation. In 
addition, pediatric patients who underwent US-guided 
intrathecal injections were mostly sedated [11]. In our 
study, all patients, who were above 10 years old, received 
intrathecal injection under local anesthesia and cooper-
ated well, suggesting that older children can tolerate US-
guided puncture without the need for general anesthesia 
or sedation.

This study has some limitations. One is that the 
patients in this study were all teenagers. The feasibility of 
the near-spinous process view in adult patients still needs 
to be validated in the future. Another limitation is the use 
of 18G puncture needles instead of 20G or 22G needles 
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reported in previous studies [9, 11, 12]. In this study, no 
serious adverse events occurred, and minor complica-
tions were similar to those previously reported lumbar 
puncture complications, such as postpuncture headache.

Conclusions
Real-time US guidance is safe and effective; hence, it 
may be the preferred imaging-assisted technique for 
intrathecal injections in patients with SMA with spine 
surgery or severe scoliosis. This study provides detailed 
steps of the US-guided intrathecal injection of nusin-
ersen and proposes that the near-spinous process view 
can be used as a modified interlaminar approach.
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