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Abstract:
Introduction: Intradiscal chondroitin sulfate ABC endolyase (condoliase) injection for lumbar disc herniation (LDH) is

an intermediate between conservative treatment and surgery. This approach can only be performed once in a lifetime; there-

fore, understanding the factors that determine the indication for the use of condoliase and predict outcomes is important.

The aim of this study was to review clinical and imaging findings in patients after intradiscal condoliase injection, and to

assess the short-term outcomes and factors associated with therapeutic effects.

Methods: The subjects were 42 patients with LDH who underwent intradiscal condoliase injection. Patients with and

without a �50% improvement from baseline of leg pain at 3 months after injection were defined as responders and non-

responders, respectively. Clinical features and radiological findings were compared between these groups.

Results: Of the 42 patients, 32 (76.2%) were responders and 10 (23.8%) were non-responders. Of 8 patients with a his-

tory of discectomy at the same level as LDH, 6 (75.0%) were responders. Non-responders had a significantly longer time

from onset to treatment, smaller herniated volume before treatment, lower percentage reduction of herniated mass, and less

intervertebral disc degeneration before treatment. There were no significant differences in LDH types (subligamentous extru-

sion or transligamentous extrusion types), high-intensity area within the herniation, changes in disc height, and region of

condoliase injection between the two groups.

Conclusions: Intradiscal condoliase injection had a good short-term therapeutic effect in patients with LDH, including in

transligamentous extrusion-type and revision cases as well as subligamentous extrusion-type cases. Administration of intra-

discal condoliase injection may be most effective in patients with a larger herniated mass volume before treatment, and least

effective in cases with a longer time and less intervertebral disc degeneration before treatment.
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Introduction

Lumbar disc herniation (LDH) is a common disease that

involves nerve root compression by degenerated nucleus pul-

posus and occurs at a particularly high rate in the 20s to 40s

age group. For these patients, conservative treatment is rec-

ommended, but surgery is required for cases that are refrac-

tory to prolonged conservative treatment. A prospective ran-

domized observational 8-year cohort study suggested an ad-

vantage of surgery compared with conservative treatment1),

but a longitudinal observation study of 34,639 operations

found rates of 2.7% for surgical complications and 2.1% for

repeat surgery within 90 days2). In a 13-year follow-up study

in patients with severe and persistent sciatic pain due to

LDH, 8% of those treated surgically had revision surgery at

the same level, and 14% of the conservatively treated cases

had undergone spinal surgery3).

In the American Pain Society Clinical Practice Guidelines,
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an evidence review suggested that chemonucleolysis is

somewhat more effective than placebo, but that surgery is a

superior treatment4). Chemonucleolysis is viewed as an inter-

mediate method between conservative and surgical treat-

ment, and use of chymopapain for this purpose was ap-

proved by the United States Food and Drug Administration

in 1982; however, chymopapain was discontinued in 1999

due to protease activity and low substrate specificity disturb-

ing nerve root and anaphylactic reactions5). Chondroitin sul-

fate ABC endolyase (condoliase) is an alternative to chy-

mopapain for use in chemonucleolysis. Condoliase is a pure

mucopolysaccharidase derived from the gram-negative rod

Proteus vulgaris, and has no protease activity. However,

condoliase has high substrate specificity for chondroitin sul-

fate and hyaluronic acid, which are abundant glycosamino-

glycans on proteoglycans in the nucleus pulposus of in-

tervertebral discs. Clinical trials for contained-type LDH

(protrusion- and subligamentous extrusion-type LDH) at L4-

5 and L5-S1 have shown the safety and efficacy of condoli-

ase, and the drug regulatory authority in Japan has approved

this protein for intradiscal treatment of LDH6,7). The thera-

peutic effects of condoliase for uncontained-type LDH

(transligamentous extrusion and sequestration type) refrac-

tory to conservative treatment required clarification, al-

though we also note that these LDH types are likely to re-

gress spontaneously with time7).

Condoliase can only be used once in a lifetime to prevent

anaphylactic reactions, which makes it particularly impor-

tant, especially for spine surgeons, to understand predictors

of its efficacy to identify likely responders and determine

the indication for the use of condoliase. The aim of this

study was to review clinical and imaging findings in patients

with LDH treated with intradiscal condoliase injection, and

to assess the short-term outcomes and predictors of thera-

peutic effects.

Materials and Methods

Study population

Between May 2019 and April 2020, a total of 46 con-

secutive patients with LDH have undergone intradiscal con-

doliase injection at our two institutions. Among the 46 pa-

tients, 42 completed the minimum follow-up period of 3

months (follow-up rate: 91.3%). The study protocol was ap-

proved by the Human Ethics Review Committee of our Uni-

versity Medical Faculty and strictly followed the Clinical

Research Guidelines of the Ministry of Health, Labor, and

Welfare of the Japanese Government.

All patients had clinical signs and symptoms of LDH.

The indications for intradiscal condoliase injection were

symptoms of unilateral lower-extremity pain and persistent

neurological signs at the level of the herniated disc on high-

resolution magnetic resonance imaging (MRI) that were re-

fractory to conservative treatment such as rest, medication

(non-steroidal anti-inflammatory drugs, pregabalin, trama-

dol), and nerve root block for at least 1 month. Patients with

multilevel disc herniation, motor and/or sensory disturbance,

including bladder dysfunction and neurogenic intermittent

claudication as a symptom of lumbar spinal canal stenosis,

were excluded from the study. There were no patients with

spinal instability or lateral LDH in this study population.

Outcomes and radiological measurements

Clinical and radiological assessments were conducted be-

fore and 3 months (12-14 weeks) after injection. The inten-

sity of leg and back pain was measured using a numerical

rating scale (NRS), on which 0 and 10 indicated no pain

and the worst pain ever experienced, respectively. Patients

with �50% improvement of leg pain at 3 months after injec-

tion compared to baseline were classified as responders, and

all others as non-responders7,8). Clinical data for affected

level, age, gender, and time from onset were acquired from

medical charts. Axial and sagittal MRI were used to classify

the herniation types (subligamentous extrusion and transliga-

mentous extrusion types)9), the extent of intervertebral disc

degeneration based on Pfirrmann classes and on a modified

classification10,11). The Modic approach was used to classify

signal changes in vertebral bodies adjacent to cartilage end-

plates12). The presence of a high-intensity area within ex-

truded disc herniation13), and the herniated disc volume

(mm3), extent of LDH, and disc height (Fig. 1) were evalu-

ated using published methods14). Herniated disc areas were

measured on sagittal sections between the lateral margins of

each pedicle. On each section, reference lines were drawn

between the endpoints of the posterior edges of the superior

and inferior endplates. The herniated disc area (mm2) was

measured using a picture archiving and communication sys-

tem, and the herniated volume (mm3) was obtained by mul-

tiplication of the area by the scan thickness (mm) (Fig. 1C).

The posterior vertebral height was divided into three equal

parts. The extent of LDH defined by the most distal end-

point (or proximal in cases with upward migration) of mi-

grated herniation was classified as none (class 1), and in the

proximal one-third (class 2), middle one-third (class 3), and

distal one-third (class 4) of the posterior height of the supe-

rior or inferior vertebra (Fig. 1D). Disc height was calcu-

lated at the midpoint of the vertebra on mid-sagittal MRI13).

The condoliase injection region was assessed on frontal and

oblique views on plain lumbar radiography. On each image,

lines were drawn between the endpoints of the vertebral

edges, and the middle one-third on both images was defined

as the median injection point (Fig. 1E). All measurements

were performed in triplicate by two observers and the aver-

age value was used.

Procedure

Intradiscal condoliase injection was performed under

fluoroscopic guidance in a semi-lateral position. A single 1-

mL dose of condoliase (1.25 U/mL) was injected toward the

middle of the affected intervertebral nucleus pulposus from

the non-symptom side using a 21-gauge puncture needle6,7).
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Figure　1.　Radiological assessments. (A) Degree of disc degeneration using the Pfirrmann classification. (B) Occurrence 

of a high-intensity area within the herniation. (C) Measurements of herniated mass volume. (D) Disc height and extent of 

herniated mass. (E) Region of condoliase injection.

Injections were performed under local anesthesia by spine

surgeons who were board-certified and familiar with intra-

discal injection. Patients were closely observed for 2 hours

after injection for appearance of anaphylactic reactions.

Statistical analysis

Data are shown as mean±SD. Intergroup differences were

examined by Wilcoxon signed-rank test, Mann-Whitney U
test or chi-square test, with p<0.05 considered to be signifi-

cant. Inter- and intraobserver reliability were assessed using

intraclass correlation coefficients. All analyses were con-

ducted using SPSS (version 24.0, SPSS, Chicago, IL, USA).

Results

Clinical data

A total of 42 patients (29 males, 13 females) with LDH

who underwent intradiscal condoliase injection were en-

rolled in the study. A summary of the clinical data of the

patients is shown in Table 1. The mean age at baseline was

46.0±13.8 years. Eight patients had prior discectomy at the

same level as LDH. The affected intervertebral discs were L

2-3 (n=2, 4.8%), L3-4 (n=2, 4.8%), L4-5 (n=23, 54.8%),

and L5-S1 (n=15, 35.7%). Of the 42 patients, 32 (76.2%)

were defined as responders (�50% improvement in leg pain)

and 10 (23.8%) as non-responders (<50% improvement). No

severe adverse effects such as anaphylactic reactions oc-

curred, although a temporary increase in low back pain after

treatment was observed in 5 cases (11.9%). A change in

Modic class occurred in 2 cases (4.8%) after treatment, and

the increased low back pain was not associated with this

change.

Mean age, gender, NRS (leg pain and back pain), and

follow-up periods did not differ significantly between re-

sponders and non-responders at the time of injection. How-

ever, patients in their 20s were significantly more frequently

non-responders (3/10 [30.0%] vs. 2/32 [6.3%], p=0.043),

and the time from onset to treatment was significantly

longer in non-responders (74.9 vs. 31.7 weeks, p=0.021). Of
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Table　1.　Comparison of Clinical Data at Baseline for Responders and Non-Responders.

Parameter Responders Non-responders p

Case number (%) 32 (76.2%) 10 (23.8%) 

Affected levels L2-3 2 (6.3%) 0

0.40
L3-4 2 (6.3%) 0

L4-5 15 (46.9%)  8 (80.0%)

L5/S1 13 (40.6%)  2 (20.0%) 

Age (years) 47.7±13.2 41.0±14.7 0.22

Gender (male, female) 23, 9 6, 4 0.48

Time from onset (range) (weeks) 31.7±39.8 (4–180) 74.9±46.9 (11–148) 0.021*

NRS before treatment leg pain 6.7±1.7 7.3±2.1 0.38

back pain 3.8±2.6 4.6±2.6 0.40

Prior discectomy at the same level  6 (75.0%)  2 (25.0%) 0.93

Follow-up period (weeks after injection) 12.8±0.9 12.9±1.0 0.88

NRS: numerical rating scale

*p<0.05

Table　2.　Comparison of Radiological Data for Responders and Non-Responders.

Parameter Responders (n=32) Non-responders (n=10) p

Classifications of herniation subligamentous extrusion 14 (43.8%) 6 (60.0%) 
0.37

transligamentous extrusion 18 (56.3%) 4 (40.0%) 

High signal intensity area within herniation 14 (43.8%) 4 (40.0%) 0.83

Herniated mass volume before treatment (mm3) (all cases) 1426.3±645.1 1045.0±319.2 0.035*

(cases with subligamentous extrusion-type herniation) (1300.4±718.1) (927.1±228.6) (0.12)

(cases with transligamentous extrusion-type herniation) (1512.5±618.2) (1221.9±386.1) (0.27)

Reduction rate of herniated mass volume (%) (all cases) 34.4±19.3 9.9±3.4 <0.01*

(cases with subligamentous extrusion-type herniation) (30.4±20.1) (10.5±7.5) (<0.01*)

(cases with transligamentous extrusion-type herniation) (35.7±19.1) (9.1±16.9) (<0.01*)

Change in disc height (mm) 1.3±0.6 1.7±0.6 0.11

Pfirrmann grade before treatment (grades 2 and 3) 16 (1–15) 9 (4–5)
0.025 *

(grades 4 and 5) 16 (15–1) 1 (0–1)

Injected region (outside median) 3 (9.4%) 2 (20.0%) 0.37

*p<0.05

the 32 responders, 21 (65.6%) received condoliase injection

within 6 months from onset, whereas only 2 in 10 non-

responders (20.0%) received condoliase injection within this

period. Interestingly, of 8 patients with a history of discec-

tomy at the same level, 6 (75.0%) were responders, and

there was no difference in efficacy between the initial and

revision cases (p=0.93).

Radiological data

A summary of differences in radiological data for re-

sponders and non-responders is shown in Table 2. There

were no significant differences in the classifications of her-

niation (subligamentous extrusion or transligamentous

extrusion-type, p=0.37), rate of a high signal intensity area

within the herniation (43.8% vs. 40.0%, p=0.83), or changes

in disc height (1.3 vs. 1.7 mm, p=0.11). However, the herni-

ated mass volume before treatment (1426.3 vs. 1045.0 mm3,

p=0.035) and the percentage reduction of the herniated mass

volume after treatment (34.4% vs. 9.9%, p<0.01) were sig-

nificantly higher in responders. Interestingly, condoliase was

significantly less effective in Pfirrmann grades 2 and 3 cases

before injection (remaining signal intensity zone in the in-

tervertebral disc) than in those in Pfirrmann grades 4 and 5

(moderate or severe intervertebral disc degeneration; p=

0.025)9). Efficacy was not associated with the site of the in-

jection relative to the defined median position. The differ-

ence in the extent of disc herniation before and after intra-

discal condoliase injection is shown in Table 3. All cases in

classes 3 or 4 (all cases with transligamentous extrusion-

type LDH) before treatment were in class 1 or 2 after treat-

ment. The inter- and intraobserver reliabilities for imaging

findings were both excellent (p>0.75).

Representative cases

Results for two patients who underwent intradiscal con-

doliase injection for LDH refractory to conservative treat-

ment are shown in Fig. 2. A 51-year-old female (Fig. 2A)

with L4-5 LDH had experienced left lower-extremity pain

for 17 weeks. The NRS for leg pain and back pain im-

proved from 8 and 5 at baseline to 1 and 2 at 3 months af-
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Figure　2.　Representative cases. (A) L4-5 LDH in a 51-year-old patient: Pfirrmann grade 4; disc extent class 3 was re-

duced to grade 4; class 2 (reduction rate 48.1%). (B) L4-5 LDH in a 21-year-old patient: Pfirrmann grade 3 was not re-

duced (grade 4; reduction rate 10.0%). LDH: lumbar disc herniation

Table　3.　Difference in Extent of Disc Herniation before and 

after Intradiscal Condoliase Injection.

Extent of LDH 

3 months after injection

Class 1 Class 2

Extent of LDH before injection 

(Total number [Non-responder]) 

Class 1 17 [6] 0

Class 2 7 8 [4]

Class 3† 6 2

Class 4† 0 2

†Classes 3 and 4: all cases were transligamentous extrusion-type herniations.

LDH: lumbar disc herniation

ter treatment. On MRI, distally migrated herniation

(Pfirrmann grade 4 [moderate degeneration]; no high signal

intensity area within the herniation; disc height, 10.7 mm;

extent of LDH, class 3 (transligamentous extrusion-type);

herniated mass volume, 1917.0 mm3) was reduced 3 months

after injection (Pfirrmann grade 4; disc height, 8.6 mm; disc

extent, class 2; herniated mass volume, 994.1 mm3, reduc-

tion rate, 48.1%). A 21-year-old male (Fig. 2B) with L4-5

LDH had experienced left lower-extremity pain for 78

weeks. The NRS for leg pain and back pain changed from 9

and 5 at baseline to 5 and 3 at 3 months after treatment, in-

dicating limited efficacy. On MRI, the LDH (Pfirrmann

grade 3 [mild degeneration]; high signal intensity area

within the herniation; disc height, 9.8 mm; extent of LDH,

class 1 [subligamentous extrusion-type]; herniated mass vol-

ume, 777.9 mm3) was only slightly reduced 3 months after

injection (Pfirrmann grade 4; disc height, 8.9 mm; disc ex-

tent, class 1; herniated mass volume, 755.4 mm3, reduction

rate, 10.0%).

Discussion

The aim of this study was to assess short-term outcomes

and predictors of therapeutic effects of intradiscal condoliase

injection. Significant efficacy by 3 months after treatment

was obtained in 76.2% of the patients, which suggests that

this injection is effective as an option to surgery for cases

refractory to conservative treatment. In addition, NRS scores

in 6 of 8 revision cases (75.0%) were also significantly im-

proved. The key predictors of therapeutic effects were as

follows: 1) positive impact of a larger herniated mass vol-
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ume, even for distally migrated herniation (class 3 or 4 in-

cluding transligamentous extrusion-type), and 2) negative

impacts of a longer time and lower intervertebral disc de-

generation (remaining high-intensity zone in the interverte-

bral disc) before treatment.

The timing of the indication for condoliase treatment is

an important clinical question. Some prospective studies

have suggested that pain lasting more than 6-12 months cor-

relates with an unfavorable postoperative outcome15-18), but

other reports have found spontaneous regression of LDH at

rates of 45.5% at 3 months19) and >60% at 6 months20) after

presentation, especially in patients with extrusion- and

sequestration-type LDH. In our study, the period before

treatment was significantly longer in non-responders com-

pared with responders (74.9 vs. 31.7 weeks), and the per-

centages of patients who received condoliase injection

within 6 months from onset were 65.6% in responders and

20.0% in non-responders. Previous studies on the natural

history of LDH have shown that sciatic pain improved in

70% of patients at 4 weeks after presentation21), and at 2.9

months in patients with extrusion-type LDH22). From these

findings, we suggest that intradiscal condoliase injection

should be performed �6 months from disease onset.

Identification of negative predictors of the efficacy of in-

tradiscal condoliase treatment is also important clinically,

despite the positive efficacy in 76.2% of our patients. The

initial herniated mass volume and the percentage reduction

of this volume after treatment were significantly larger in re-

sponders, which is consistent with previous reports showing

an association between spontaneous regression of LDH and

pain relief. The safety and efficacy of condoliase have been

confirmed only for patients with subligamentous extrusion-

type LDH in clinical trials in Japan, given the risk of con-

doliase not reaching its target and cause anaphylactic reac-

tions, but regression of the herniated mass was found even

in LDH extended to the middle (class 3) or distal (class 4)

one-third of the posterior vertebral height, including

transligamentous extrusion-type LDH. Thus, a larger herni-

ated mass might have a positive impact on intradiscal con-

doliase treatment. On the contrary, a smaller degree of ex-

trusion of LDH might be negative. MRI has been shown to

predict classifications of LDH with an accuracy of 80.6%23),

but the important point for indication of condoliase might be

the visualized herniated mass volume before treatment rather

than the classification of herniation.

A negative effect of less intradiscal disc degeneration was

also suggested in the current study. Condoliase dehydrates

glycosaminoglycans (mainly chondroitin sulfate) on proteo-

glycans that are abundant in the nucleus pulposus of the in-

tervertebral disc. Theoretically, the mucopolysaccharidase ef-

fect should occur more in patients with less intervertebral

disc degeneration. On the other hand, this action may de-

pend on the initial distribution of condoliase in the disc and

the degree of fibrosis of the nucleus. Patients with less de-

generated discs may require greater injection pressure and

be less extensible than those with degenerated discs. In this

study, progression of Pfirrmann grade occurred in 11

(44.0%) of 25 cases in grade 2 or 3, while better therapeutic

effects of condoliase occurred in patients with advanced de-

generation of Pfirrmann grades 4 and 5. Interestingly, a

similar positive efficacy was observed in patients with revi-

sion LDH, despite greater fibrosis of the nucleus after nu-

cleotomy. These results did not depend on the injected re-

gion, which suggests that the efficacy of intradiscal condoli-

ase injection may be influenced by the degree of posterior

annulus rupture and the distribution of condoliase, rather

than the extent of intervertebral disc degeneration. Careful

consideration of treatment with condoliase injection is re-

quired for patients with less degenerated discs, as well as

those with severely degenerated discs containing little pro-

teoglycan in the nucleus pulposus.

The most important factor in determining the therapeutic

effect might be how much condoliase acts on LDH. A re-

cent retrospective study showed an association between a

high-intensity area within the herniation on T2-weighted

MRI, indicating hydrated LDH, and increased efficacy of

condoliase due to induction of dehydration of the nucleus

pulposus13). However, a high-intensity area was not signifi-

cant in the current study, with rates for this area of 43.8% in

responders and 40.0% in non-responders. Some clinical

studies have suggested an association between a high-

intensity area within the herniation and low back pain24,25),

younger age, and shorter duration of radicular pain26). On the

other hand, a recent review of population-based studies

found conflicting results for the prevalence (14%-63%) of a

high-intensity area and its correlation with low back pain27).

Based on our results, a finding of a high-intensity area

within an extruded herniation on MRI before treatment

might not be a positive indicator for the therapeutic effects

of condoliase.

This study has certain limitations. First, it was a retro-

spective, short-term follow-up study that included only 42

patients and did not include a statistical power analysis.

Larger scale population studies are needed to provide further

evidence to validate our findings. Second, it is not possible

to distinguish with certainty whether the positive therapeutic

effect was due to intradiscal condoliase treatment or the

natural history of LDH. Third, although the short-term

therapeutic effect was sufficient, the long-term clinical out-

come and adverse effects are uncertain. In a 10-year

matched cohort study, disc puncture and pressurized injec-

tion were found to increase the risk of clinical disc prob-

lems requiring lumbar surgery, new imaging findings, and

prolonged back pain28), although another prospective study

suggested no acceleration of intervertebral disc degeneration

in young patients after a 5-year follow-up29). Therefore, fur-

ther evaluation is needed, especially in patients with ad-

vanced intervertebral disc degeneration on MRI. Despite

these limitations, we believe that our findings provide im-

portant insights and guidance on therapeutic management of

intradiscal condoliase injection for patients with LDH.

In conclusion, intradiscal condoliase injection showed
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good short-term therapeutic effects in patients with LDH, in-

cluding transligamentous extrusion-type herniation and revi-

sion cases. However, careful consideration is required to de-

termine whether this injection should be given to patients

with a longer pain duration, smaller herniated mass volume,

and lower intervertebral disc degeneration before treatment,

based on our data showing that these were negative predic-

tors for the therapeutic effect, in addition to the uncertain

long-term clinical outcome.
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