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Purpose: Percutaneous cervical nucleoplasty (PCN) is a minimally invasive treatment for cervical radicular pain due to a disc
herniation. Preliminary results show equivalent patient-reported outcomes of PCN as compared to conventional anterior cervical
discectomy. However, there is a paucity of long-term outcome data. Therefore, the primary objective of this study is to investigate the
long-term clinical results of PCN.

Patients and Methods: A retrospective analysis was conducted on patients who underwent PCN at a secondary referral center
between 2010 and 2014. Before surgery and five days after surgery, numeric rating scales (NRS) for arm pain and neck pain and data
on complications were collected. To determine long-term follow-up outcomes, patients were sent a questionnaire booklet containing
the Core Outcome Measures Index-Neck (COMI-Neck), NRS for arm pain and neck pain, Likert-scales on patient satisfaction and
questions regarding the incidence of reoperations and complications.

Results: The baseline characteristics were collected for 158 patients. At a median follow-up of 41.5 months (interquartile range (IQR)
27.0 to 57.5), data were available for 118 patients (74.7%). At short-term follow-up, patients that underwent PCN had a mean decrease
of 3.0 on the NRS for arm pain (95% CI 2.5 to 3.6) compared to baseline, while at long-term follow-up, a mean decrease of 2.8 (95%
CI 1.0 to 3.6) was observed. At the long-term follow-up, 67.8% of the patients were fully recovered from all symptoms and 93.3%
remained satisfied with the PCN treatment results. The reoperation rate for recurrent disc herniation was 21.4% at long-term follow-up.
Conclusion: PCN appears to be a safe and effective treatment at short-term and long-term follow-up of a specific selection of cervical
herniated discs, with an acceptable long-term reoperation rate. These study results suggest a potential role of PCN as a less invasive
treatment option for cervical radicular pain due to a soft disc herniation, before anterior cervical discectomy should be considered.

Keywords: percutaneous cervical nucleoplasty, minimally invasive treatment, cervical radicular pain

Introduction
Symptomatic herniated cervical discs cause neck and radiating arm pain as a result of compression of the cervical spinal
nerve.! Cervical radicular pain has a high impact on the patient’s quality of life* and the natural course appears to be
favourable.” At six months, 42% of the patients who received conservative treatment recovered from neck pain and 59%
of the patients reported no or only slight arm pain.® At 12 months, almost 50% of the patients recovered from both neck
and arm pain.> When the severe pain persists and does not improve with conservative care, surgery may be considered.
In the 1940s and the 1950s the posterior cervical foraminotomy and the anterior cervical discectomy with fusion
(ACDF) techniques were developed to treat cervical disc herniation.* ACDF is nowadays the preferred technique to treat

symptomatic cervical disc herniation,® however two recent trials revealed that anterior cervical discectomy (ACD)
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seems to achieve similar results as ACDF.%” Although ACDF is a safe and effective procedure to treat cervical radicular
pain, rare but potentially dangerous risks can occur during or after surgery such as oesophageal injury, postoperative
hematoma and mortality.* ' To reduce these risks of surgery, new minimally invasive techniques and instruments for
spine surgery have been developed in the last two decades.'' Compared to conventional anterior open methods, these
minimally invasive techniques in spine surgery have several advantages such as smaller incisions, less soft tissue injury,
shorter hospital stay, less blood loss and faster return to normal daily activities.'' ' One of the minimally invasive
techniques that could potentially answer this need is percutaneous cervical nucleoplasty (PCN). PCN uses coblation
technology for ablating and coagulating the soft tissue of the herniated disc.'®'> Strict patient selection, however, is
important for a successful outcome after PCN.'®!” In particular, patients with minimally degenerated discs, the absence
of central canal stenosis, and unilateral radicular pain will benefit most from this procedure.'®!”

PCN is an effective and safe technique in the reduction of pain in patients with cervical radicular pain due to a disc
herniation.'®'®*! The efficacy of PCN has been demonstrated from two months up to two years of follow-up.'®'* 2!
Long-term evidence on the effectiveness and safety of PCN, however, is lacking. Therefore, the primary objective of this
retrospective cohort study was to evaluate the clinical long-term effects of PCN on arm pain in patients with cervical
radicular pain due to disc herniation. The secondary aim was to evaluate long-term function, symptom-specific well-

being, quality of life, disability and patient satisfaction in patients with cervical radicular pain due to disc herniation.

Materials and Methods

Patient Population and Indication

Consecutive patients who received PCN for cervical radicular pain due to a contained soft disc herniation between 2010
and 2014 were included in this single-center retrospective cohort study at Albert Schweitzer Hospital, Dordrecht, the
Netherlands. Before referral for a PCN-procedure, patients were evaluated by a neurologist. In the work-up, patients
underwent an MRI-scan of their cervical spine and a conventional X-ray aside from neurological examination. In order to
be eligible for PCN, patients had to satisfy the following inclusion criteria: (1) have cervical radicular pain due to disc
herniation, which did not respond to conservative treatment; (2) have an MRI-confirmed contained, soft disc herniation at
levels C4 to C7. PCN was not performed if the following exclusion criteria were present: (1) previously performed
surgery in the cervical spine area; (2) osteophytes or loss of more than 50% of disc height at the affected level as
determined on conventional X-ray and (3) the concomitant myelopathy at the level of the disc herniation. The local
institutional review board of the Albert Schweitzer Hospital, Dordrecht, the Netherlands approved the conduction of this
study (MEC-2014.81). All patients gave written informed consent before filling in questionnaires. This study complies
with the Declaration of Helsinki.

Surgical Procedure

In the Netherlands, PCN is performed by dedicated pain specialists. The step-by-step operative procedure of PCN has
been published elsewhere.'? In brief, PCN was performed under antibiotic prophylaxis and local anesthesia. After
identifying the correct level of the cervical spine using fluoroscopy, an entry point for the needle was marked next to the
medial part of the sternocleidomastoid muscle. After applying lidocaine locally, a needle and subsequently a trocar were
inserted into the annulus fibrosis. After verifying the level of disc herniation again, the SpineWand (ArthroCare) was
inserted and used for thermal ablation. After the ablation procedure, the instruments were removed, and a plaster was
applied. Patients were discharged a few hours after surgery.

Outcomes and Outcome Collection

Through chart review, data on demographics and scores on the numeric rating scale (NRS) for arm pain and neck pain
were collected retrospectively before surgery. Both NRSs were scored from 0 to 10 with ‘0’ indicating no pain and ‘10’
indicating the worst pain possible. The NRS is a valid and reliable Patient Reported Outcome Measure (PROM) in
patients with cervical radiculopathy.*? According to the local protocol, all patients had a short-term follow-up phone call
scheduled 5 days after the PCN-procedure. During this phone call, the NRS for arm pain and neck pain were evaluated,
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and information regarding occurring reoperations or complications was collected. To measure long-term follow-up,
patients received a questionnaire booklet containing the Core Outcomes Measures Index (COMI) for the neck, questions
regarding reoperations and occurrence of late complications and Likert-scales on recovery of symptoms and satisfaction
with treatment with an informed consent form.”® The COMI-neck is a seven-question survey, which measures five
outcome domains, namely (neck and arm) pain, function, symptom-specific well-being, quality of life and disability on
a scale from 0 to 10.%* Based on these outcome domains, a summary score can be calculated in with a “0” indicating the
“best score” and a “10” the “worst score”.?*"** If patients indicated in the questionnaire booklet that they had experienced
any complication or underwent any reoperation, they were contacted by phone to clarify these. The Likert-scales on
recovery and treatment satisfaction were 5-point Likert scales ranging from ‘complete recovery’ or ‘very satisfied’ to
“made things worse” or “very dissatisfied”. The COMI-neck is a valid and reliable PROM in patients with an indication
for surgery due to cervical radiculopathy or myelopathy caused by degenerative disease.”® Figure 1 depicts a graphical
overview of the study procedures and the measurements performed.

Statistical Analysis

Categorical data were summarized with valid percentages (%); continuous data that are normally distributed are
summarized with mean (standard deviation (SD)). Ordinal and non-normally distributed data are summarized with
medians and interquartile ranges (IQRs). Normality was verified with Shapiro—Wilk Test. For the COMI-neck, no
missing data were accepted for the individual items. Scores on the NRS for neck pain and arm pain were compared
pre- and postoperatively using paired z-test. For analyzing purposes, the Likert-scales of the COMI-neck were dichot-
omized, meaning that the first two options were scored as a “good outcome” and the remaining three options as a “bad
outcome”. All analyses were conducted with SPSS version 27.0. A P value <0.05 indicated statistical significance.

Results

Patients
In total 158 patients underwent PCN between 2010 and 2014. Figure 1 gives a graphic overview of the follow-up of the
included patients. Short-term follow-up data were available for 79% (N = 125) of the patients, while long-term data were

158 patients e Demographics
underwent  «Arm pain
PCN ¢ Neck pain

= o
125 had e Arm pain
¢ Neck pain
Short't'erm « Reoperations
data available
\ 4

| 118 had |ong- «COMI-neck

eReoperations

term data «Complications

eSatisfaction with

available "
.\» 5

Figure | Graphical overview of the study procedures and the measurements performed.
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available for 75% (n = 118). Median duration of follow-up was 41.5 months (IQR 27.0 to 57.5). Table 1 gives an
overview of the baseline demographics of the patients included. In brief, patients had a mean age of 47.3 £ 9.1, and
a mean BMI of 26.6 + 4.6. Furthermore, most disc herniations were located at C5-6 (48.1%) and C6-7 (48.1%). Prior to
PCN, 43.0% of the patients had undergone physical therapy, 75.3% had received pain medication and 7.5% received
transcutaneous electrical nerve stimulation. At baseline, the mean NRS for arm pain was 6.3 &+ 2.5 and for neck pain 6.0 £+
2.7. Of the included patients, 62.7% had paresthesia, while 17.1% had subjective motor loss.

Clinical Outcomes at Short and Long-Term Follow-Up

Table 2 gives an overview of the long-term outcomes of arm pain and neck pain of the included patients. At short-term
follow-up patients had a decrease in arm pain (difference of 3.0, 95% Confidence Interval (CI) 2.5 to 3.6, p < 0.001)
compared to baseline (Table 2). This decrease was sustained at long-term follow-up (difference with baseline 2.8, 95% CI
1.9 to 3.6, p < 0.001). Neck pain showed similar decrease at short-term (2.8, 95% CI 2.3 to 3.3, p < 0.001) and long-term
(2.7, 95% CI 1.9 to 3.5, p < 0.001) follow-up (Table 2). COMI-summary scores showed comparable results. On the
Likert scale of recovery, eventually 67.8% of the patients had fully recovered of symptoms and 93.2% was still satisfied
with the PCN-treatment results (Table 2).

Table | Demographic and Clinical Characteristics of Patients Who
Underwent Cervical Nucleoplasty Treatment at Baseline (N = 158)

Sex
Female [n,%] 84 (53.2%)
Male [n,%] 74 (46.8%)
Age [mean, SD] 473 £ 9.1
BMI [mean, SD] 26.6 + 4.6

Level of disc herniation

C4-5 [n,%] 4 (2.5%)
C5-6 [n,%] 76 (48.1%)
C6-7 [n,%] 76 (48.1%)
C7-Thl [n,%] 2 (1.3%)
Symptoms
Arm pain [mean, SD] 63 +25
Neck pain [mean, SD] 60 +27
Paresthesia [mean, SD] 99 (62.7%)
Subjective loss of motor function [mean, SD] 27 (17.1%)

Previous treatments

Pulsed radiofrequency [n,%] 37 (23.4%)
Epidural injections [n,%] 5 (3.2%)
Physical therapy [n,%] 68 (43.0%)
Pain medication [n,%] 119 (75.3%)
Transcutaneous electrical nerve stimulation [n,%] 12 (7.5%)

Abbreviations: n, number of participants; SD, standard deviation.
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Table 2 Clinical Outcomes at Short-Term and Long-Term Follow-Up

PROMs Follow-Up Mean (SD) Difference with Baseline (95% CI)
Moment

NRS arm pain Baseline 63 +25
Short-term 3327 3.0 (2.5 to 3.6)*
Long-term 33+30 2.8 (1.9 to 3.6)*

NRS neck pain Baseline 6.0 +27
Short-term 3426 2.8 (2.3 to 3.3)*
Long-term 3.1 £28 2.7 (1.9 to 3.5)*

COMI-neck

Function Long-term 3.6 +32

Quality of life Long-term 33+£24

Summary score Long-term 32+£25

Recovered of symptoms | Long-term 80 (67.8%)

Satisfied with treatment | Long-term 110 (93.2%)

Note: COMI-neck, *P<0.001.
Abbreviations: PROMs, patient reported outcome measures; Cl, confidence interval; SD, standard deviation; NRS, numeric
rating scale.

Surgical Outcomes and Complications

Table 3 gives an overview of the surgical outcomes and complications. At short-term follow-up, there were two cases of
hoarseness (1.3%), 20 cases of dysphagia (12.7%), 3 cases of wound edema (1.9%) and one case of subcutancous hematoma

Table 3 Surgical Outcomes and Complications

Outcome Number/Percentage
Complications n=143
Hoarseness 2 (1.3%)
Dysphagia 20 (12.7%)
Wound edema 3 (1.9%)
Hematoma subcutaneous 1 (0.6%)
Main symptoms at long-term follow-up n=107
None 32 (29.9%)
Neck pain 24 (22.4%)
Arm pain 25 (23.4%)
Paresthesia 26 (24.3%)
Underwent cervical disc surgery during long-term follow-up n=112
No 88 (78.6%)
Yes, at a different level 8 (7.1%)
Yes, at the same level 16 (14.3%)
Journal of Pain Research 2022:15 https: 1437
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(0.6%). All complications are resolved spontaneously over time. At long-term follow-up, 24 patients (21.4%) underwent
a reoperation of the cervical spine; 8 (6.8%) due to a disc herniation at another level and 16 (13.6%) due to a disc herniation
at the same level as the PCN. Furthermore, 29.9% of the patients had no symptoms of cervical radicular pain at long-term
follow-up. Neck pain, arm pain and sensory disturbances were the main complaints for 22.4% to 24.3% of the patients.

Discussion

Summary of Findings

The current study presents the results of a retrospective cohort study of 158 patients who underwent PCN due to cervical
radicular pain caused by disc herniation. At a median long-term follow-up of 41.5 months, data were available for 75%
of the patients. PCN has a low complication risk, and all complications were transient. Based on the patient-reported
outcomes, patients experienced a reduction of at least 2.7 on the NRS for arm pain and neck pain at both short- and long-
term follow-up. This reduction in arm pain and neck pain exceeds commonly defined thresholds for minimally clinically
important differences in the treatment of cervical radiculopathy.”>*® A commonly mentioned concern of applying
minimally invasive approaches is the limited working area required to remove enough tissue, and therefore a potential
increased risk of recurrent disc herniation.

Comparison with Literature

In the literature, some studies can be identified measuring clinical outcomes or long-term data on PCN. In a retrospective
cohort study of 69 patients, Halim et al looked at PROMs at a mean follow-up of 24 months.'® Twenty-seven patients
fulfilled ideal selection criteria for PCN, ie patients with a single-level contained cervical herniated disc, which did not
resolve with conservative treatment, diagnosed on preoperative MRI and confirmed by a diagnostic selective nerve root
block, and 42 patients did not meet these criteria.'® Even though patients who fulfilled the ideal criteria were less likely to
use medication postoperatively and were more likely to be satisfied with the treatment, no differences were found in pain
scores or the neck disability index.'® This study results suggest that perhaps more patients, than those that were deemed
ideal, may benefit from a PCN treatment. Nevertheless, the results of Halim et al appear to be in line with the results of
the current study.

Aside from pain and our self-perceived success with interventions, the COMI-neck also measured symptom-specific
well-being, quality of life, social disability and work disability. When we compare the results of these outcome domains
of the current study, with the outcomes reported in observational studies among patients undergoing anterior cervical
spine surgery, we can see comparable decreases in pain scores and the COMI-summary score, showing an overall
increase in the different COMI-domains.*>?’

Kim et al also looked at predictors for the success of PCN.'®!” In their retrospective study of 201 patients, factors
such as unilateral radiculopathy and the use of a specific technique of PCN (curved-tip technique) were identified as
predictors of success, while longer pain duration and concurrent spinal canal stenosis were identified as negative
predictors. To be noted, the success rate of PCN was 66.7% in the study of Kim et al, though they used a more broader
applied indication for PCN, their results appear to be in line with our study.

Li et al published the results of a prospective study among 126 patients undergoing PCN for a symptomatic cervical
disc herniation.”® The procedure was successful for 83.7% of the patients and pain treatment reached minimally clinical
important differences. There was one case of a device, ie partial Perc-D Spine Wand, that broke in the disc space. The
rate of recurrent disc herniations was zero, which was lower than in our case series. Perhaps, the length of follow-up in
the study by Li et al,”® ie 12 months, may explain the difference somewhat.

In our study, a total of 16 (13.6%) patients underwent a revision procedure for a “recurrent” disc herniation at the
index level at long-term follow-up. In other words, ACD(F) was prevented in 86.4% of the patients. This reoperation rate
is comparable with the reoperation rates of ACDF, ie 7.8% to 15%.>°° Kessinger studied the rate of reoperation after
PCN and identified a reoperation rate of 19.5% in his study population of 133 patients.’’ This rate appears to be
somewhat higher than the rate we found in our study. This difference may be attributed to a difference in the length of the
follow-up between both studies. However, it is up to debate how clinically important revision procedures are at, for
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instance, ten years of follow-up. Although our study did not have a control group, ie surgery or conservative therapy,
there are studies who compared PCN with surgery. In a recently published randomized controlled trial, 48 patients with
cervical radicular pain as a result of a single-level contained soft disc hernia were randomized between PCN and ACD.?'
In this study, it was shown that at short-term follow-up, ie 3 months, the ACD group performed significantly better on
arm pain reduction than the PCN group. However, the difference between the groups was 17.2 mm on a VAS scale of
100 mm, this difference can be disputed for its clinical importance.?' At long-term follow-up, ie one year after PCN, no
significant differences between the groups were found, suggesting a place for PCN in the treatment of cervical radicular
pain. Another recently performed RCT compared the effects of PCN to posterior decompression in 35 patients suffering
from single-level disc-herniation with an indication for surgery.*” In this trial, no significant differences were found
between the groups on radicular arm pain and neck pain 3 and 6 months after the intervention. Finally, one study made
a retrospective comparison in 50 patients who either underwent a PCN or a percutaneous cervical discectomy for
a contained cervical disc herniation.>® This study also showed that PCN had comparable results in terms of clinical
success or complications, compared to cervical discectomy.

Strengths and Limitations

Advantages of this study are the long follow-up duration after treatment and the relatively large sample size of patients
undergoing PCN. Another advantage of our study is the 25% of loss to follow-up at a median of 41.5 months seems to be
comparable to the long-term follow-up rates of prospective studies (18% to 37% loss to follow-up).>*>® Furthermore,
missing data analyses suggest that data was missing completely at random and therefore we expect a low impact of the
missing data on the study results. Finally, several studies show that the amount of missing data may not be related to the
quality of the study.’’~"

Some limitations, however, must be acknowledged. First, it is the design of the study. Since this study is retrospective,
recall bias might have been introduced. Furthermore, at baseline, only a selected number of variables were available,
such as pain scores. Another limitation may lie in the generalizability of the study results. PCN is only performed in
patients with cervical radicular pain due to contained soft disc herniations without the presence of osteophytes or
significant loss of disc height. Therefore, PCN would only be a treatment alternative for a selected group of patients.

Implications

Based on our data, PCN appears to be a safe and effective treatment at short-term and long-term follow-up for primary
patients with cervical radicular pain due to a contained soft disc herniation. It prevented the need for ACD(F) in 86.4% of
the patients, showing potency of PCN as a treatment option alongside ACD(F) to treat arm pain. Even though in our
study population patients experienced a statistically significant decrease in neck pain, PCN is not recommended to be
applied to solely treat neck pain in our practice. As aforementioned, PCN was only performed in a strongly selected
patient population. Therefore, in our opinion ACD(F) will remain as the standard treatment in cases of osteophytes,
myelopathy or other cases not suited for PCN. Another important area, which is underreported in the literature, is the
cost-effectiveness. As PCN shows equivalent results to ACD on the short-term and long-term follow-up in the

21,32

literature, the height of the costs of the surgery, primary care, secondary care and work loss productivity will

determine if PCN is cost-effective compared to ACD.

Conclusion

PCN appears to be a safe and effective treatment for a specific selection of cervical herniated discs, with an acceptable
long-term reoperation rate. This study results suggest a potential role of PCN as a less invasive treatment option for
cervical radicular pain due to a contained soft disc herniation before surgery should be considered.
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