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Factors leading to open revision
surgery after trans-sacral canal
plasty for lumbar spine disease
Daigo Arimura1*, Akira Shinohara1, Shunsuke Katsumi1,
Shintaro Obata1, Taku Ikegami1, Naomu Sawada1, Keiichiro Mori2

and Mitsuru Saito1

1Department of Orthopedic Surgery, The Jikei University School of Medicine, Tokyo, Japan,
2Department of Urology, The Jikei University School of Medicine, Tokyo, Japan
Trans-sacral canal plasty (TSCP) is a minimally invasive lumbar spine surgery
under local anaesthesia. TSCP is expected to be effective regardless of
whether the patient has had previous surgery. However, there are cases in
which open revision surgery is required after TSCP. This study aimed to
identify risk factors for open revision surgery after TSCP in order to determine
surgical indications and limitations. A retrospective case-control study was
conducted in patients who underwent TSCP for lumbar spine disease. Data of
112 patients were analysed. During an observation period of 7–23 months, 34
patients (30.4%) required open revision surgery and 78 (69.6%) did not. The
following patient background characteristics were investigated: age, sex, body
mass index (BMI), diagnosis, history of spine surgery and the institution where
the surgery was performed. Comorbidities were scored using the Elixhauser
Comorbidity Index. Preoperative imaging parameters were investigated,
including the lesion level (L4/5, L5/S1, other), presence of intervertebral
instability, dural sac area, presence of bony stenosis and presence of epidural
lipoma. Multivariate analysis revealed that intervertebral instability (odds ratio
2.56, confidence interval 1.00–6.51, p=0.046) and a narrow dural sac area
(odds ratio 0.98, confidence interval 0.97–0.99, p=0.002) were significant
risk factors for open revision surgery after TSCP.
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Introduction

In recent years, minimally invasive spine surgery has been increasingly used and

contributed much to the treatment of spinal disorders (1–4). Minimally invasive spine

surgery has many advantages, including smaller skin incisions, less blood loss and more

rapid patient recovery (4), and has the potential to avoid conventional surgery and be

cost-effective (5, 6).

One type of minimally invasive spine surgery is epidural lysis of adhesions, which is

performed for back pain and leg pain (7) caused by failed back surgery syndrome

(8–11) and lumbar spinal canal stenosis (10, 12) and when treatments such as epidural

steroid injections are ineffective. The demand for this treatment is increasing as the

population ages, but there has been an increase in the number of patients with

complications. Epidural debridement has also been reported to be cost-effective (10).

Trans-sacral canal plasty (TSCP) is one of the methods that can be used for epidural

lysis of adhesions and was recently described by the Intraspinal Canal Treatment (ISCT)
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Study Group, which is a subcommittee of the Minimally Invasive

Spinal Treatment Society (8, 13). TSCP can be performed under

local anaesthesia using a trans-sacral approach with a 2.65-mm

disposable steerable catheter. A distinctive feature of this

treatment is that mechanical adhesiolysis can be achieved by

moving the highly manoeuvrable catheter from side to side.

TSCP has been reported to be effective whether or not there is a

history of previous spine surgery (8). At our hospital, TSCP has

become the first-line treatment for patients with lumbar spine

conditions that do not respond to conservative treatment, such as

lumbar spinal stenosis and lumbar disc herniation (13). However,

more than a few patients experience pain flares after TSCP and

require further spine surgery. Therefore, there is a need to be

able to identify candidates for TSCP based on preoperative

background and imaging characteristics.

The purpose of this study was to investigate the surgical

indications and limitations of TSCP and to identify the factors

leading to open revision surgery (14).
Methods

This retrospective review of patients who underwent TSCP

between October 2020 and February 2022 was conducted at the

Jikei University Hospital and its affiliated hospital. The study was

carried out in accordance with principles laid down in the

Declaration of Helsinki, and the study protocol was approved by

the Jikei University School of Medicine Ethics Committee

[30–115 (9136)]. All patients provided written informed consent.

TSCP was performed for the following lumbar spine conditions

causing low back or leg pain: lumbar spinal stenosis, lumbar

degenerative spondylolisthesis, lumbar spondylolysis, lumbar disc

herniation, lumbar disc disease, and sacral cysts. Fractures,

tumours, and adult spinal deformities were excluded. Patients with

emergent symptoms such as paralysis or bladder and rectal

disorders were also excluded from the TSCP indications. Also,

TSCP was proposed for patients who did not respond to

conservative treatment over a certain period of time and who

would have conventionally been recommended open surgery.

Therefore, lumbar disc disease and sacral cysts were excluded from

this series because these are not indications for open surgery, even

if they are not improved by TSCP. Patients were excluded if they

had insufficient data as a result of death or loss to follow-up.

TSCP was performed using the following techniques. The

patient was placed in the prone position, local anaesthesia was

administered around the sacral hiatus, a small incision was made

with a scalpel, and an introducer was placed into the sacral

hiatus under fluoroscopic guidance. After placement in the

epidural space, the catheter was advanced upwards along the

ventral or dorsal aspect of the epidural canal to the lesion. Under

fluoroscopic guidance, mechanical adhesiolysis was performed by

moving the catheter left to right and up and down. Contrast

medium was injected to detach adhesions from the dural canal

and around the nerve roots and to confirm detachment of the

adhesions. A mixture of saline (6 ml), 1% mepivacaine
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hydrochloride (4 ml), and dexamethasone (3.3 mg) was injected

at the end of the procedure.

The following patient background characteristics were

investigated: age, sex, BMI, diagnosis, history of spine surgery and

the institution where the surgery was performed. Comorbidities

were scored using the Elixhauser Comorbidity Index (ECI)

(15–17). Preoperative imaging parameters were investigated,

including the lesion level (L4/5, L5/S1, other), presence of

intervertebral instability [change of more than 4 mm anteriorly or

2 mm posteriorly on dynamic radiographs (14)], dural sac area

(mm2, calculated using ImageJ software [National Institutes of

Health, Bethesda, MD] (13)), presence of bony stenosis (bony

prominence protruding more than 5 mm towards the dural sac)

and presence of epidural lipoma (ventral side of the dural canal,

determined to be the cause of the stenosis). For the dural sac area,

we selected the higher-intensity area that we considered the most

significant cause of symptoms in each patient. We also investigated

a visual analogue scale (VAS, 0–100 mm) for low back pain and leg

pain recorded preoperatively, immediately after surgery and 1, 3, 6

and 12 months postoperatively.

The patients were divided into those who had not undergone

open revision surgery [RS(−) group] and those who had

undergone open revision surgery [RS(+) group] by the final

follow-up (September 30, 2022). Background characteristics and

imaging parameters were then compared between the two groups.

All statistical analyses were performed using GraphPad Prism

(version 5; GraphPad Software Inc., La Jolla, CA) and Stata (version

14; StataCorp LLC, College Station, TX). All tests were two-sided

and a p-value of <0.05 was considered statistically significant. Patient

demographics were compared between the two groups using the

independent t-test and chi-squared test. Univariable and

multivariable logistic regression analyses were performed to

investigate the association of pretreatment factors with the need for

further surgery. The optimal cutoff value was defined by creating a

receiver-operating characteristic (ROC) curve to yield the highest

Youden index value. Briefly, the Youden index provides the optimal

cutoff for a continuous variable by showing the score that offers the

best trade-off between sensitivity and specificity. The area under the

ROC curve was calculated to determine the discrimination ability of

the logistic regression models. The VAS scores were compared

between groups by repeated-measures analysis of variance followed

by post hoc analysis with Bonferroni adjustment using IBM SPSS

Statistics (version 25; IBM Corp., Armonk, NY).
Results

Demographics

A total of 118 patients underwent TSCP during the study

period. After exclusion of 6 patients with incomplete data (n = 3),

a diagnosis of lumbar disc disease (n = 2) or a diagnosis of sacral

cyst (n = 1), the remaining 112 patients were divided into those

who did not undergo open revision surgery [RS(−) group,

n = 78, 69.6%] and those who did [RS(+) group, n = 34, 30.4%]

(Figure 1). The mean follow-up duration ± standard deviation
frontiersin.org
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FIGURE 1

Flow diagram showing the patient selection process. TSCP, trans-sacral canal plasty; RS, open revision surgery.
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(SD) was 15.2 ± 4.6 months. The mean duration ± SD between

TSCP and open revision surgery was 28 ± 40 days.
TABLE 1 Patient characteristics.

Variables RS(−)
(n = 78)

RS(+)
(n = 34)

Entire
cohort
(N = 112)

p-
value

Age, years (mean ± SD) 72 ± 13.9 66 ± 11.9 70 ± 13.5 0.08

Sex 0.68

Male, n (%) 43 (55.1) 17 (50.0) 60

Female, n (%) 35 (44.9) 17 (50.0) 52

BMI (mean ± SD) 23.3 ± 3.9 24.6 ± 3.7 0.26

Diagnosis

Lumbar spinal canal
stenosis

57 (73.1) 24 (70.6) 81 0.32

Lumbar degenerative
spondylolisthesis

10 (12.8) 3 (8.8) 13

Lumbar spondylolysis 3 (3.8) 0 (0.0) 3

Lumbar disc herniation 8 (10.3) 7 (20.6) 15

History of spine surgery 0.06

No 55 (70.5) 30 (88.2) 85

Yes 23 (29.5) 4 (11.8) 27

Institution 0.03*

University hospital 31 (39.7) 6 (17.6) 37

Affiliated hospital 47 (60.3) 28 (82.4) 75

ECI (mean ± SD) 0.824 ± 0.04 0.824 ± 0.03 0.13

Intervertebral instability 0.02*

No 54 (69.2) 15 (44.1) 69

Yes 24 (30.8) 19 (55.9) 43

Dural sac area (mean ± SD) 100.4 ± 52.9 72.8 ± 27.9 0.001*

Level of lesion 0.9

L4/5 57 (73.1) 24 (70.6) 81

L5/S1 16 (20.5) 7 (20.6) 23

Other (L2/3 or L3/4) 5 (6.4) 3 (8.8) 8

Bony stenosis 0.56

No 68 (87.2) 28 (82.4) 96

Yes 10 (12.8) 6 (17.6) 16

Epidural fat 0.43

No 71 (91.0) 33 (97.1) 104

Yes 7 (9.0) 1 (2.9) 8

BMI, body mass index; ECI, elixhauser comorbidity index; SD, standard deviation.

*Statistical significance (p < 0.05).
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Intraoperative complications were headache and discomfort in

1 case and catheter breakage in another, giving a rate of 1.7%

(2/112). Postoperative complications included stress-related

gastrointestinal problems in 2 cases and transient neuropathy in

3 cases (5/112, 4.4%). The 3 cases of transient neuropathy had

temporary worsening of leg pain and numbness after TSCP

postoperatively, but all patients had spontaneous resolution

within 1 month, and this complication was possibly due to

irritation from catheter manipulation during TSCP.

There were significant between-group differences in the institution

where the procedure was performed (p = 0.03), intervertebral

instability status (p = 0.02) and dural sac area (p = 0.001) (Table 1).

However, there was no significant in age, sex, body mass index

(BMI), diagnosis, history of spine surgery, ECI, lesion level, bony

stenosis status or epidural fat status between the groups.
Comparison of risk of open revision surgery
between the groups

Univariate analysis of various patient and imaging parameters

was performed to identify risk factors leading to open revision

surgery after TSCP. The results showed that institution where the

procedure was performed (odds ratio [OR] 3.08, confidence

interval [CI] 1.14–8.30, p = 0.03), intervertebral instability

(OR 2.85, CI 1.24–6.54, p = 0.01) and a narrow dural sac area (OR

0.98, CI 0.97–0.99, p = 0.0005) were significant influencing factors

(Table 2). In multivariate analysis, intervertebral instability (OR

2.56, CI 1.00–6.51, p = 0.046) and a narrow dural sac area (OR

0.98, CI 0.97–0.99, p = 0.002) were factors that significantly affected

the risk of open revision surgery (Table 2). The cutoff value

calculated from the ROC curve for dural sac area was 93.9 mm2.
VAS scores in the Rs(−) group

In the RS(−) group, the mean VAS score (± standard error of the

mean) for back pain and leg pain obtained preoperatively

were compared with those obtained 6 months postoperatively
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TABLE 2 Univariate and multivariate analysis of factors associated with
open revision surgery after trans-sacral canal plasty.

Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value
Age (mean ± SD) 0.97 0.95–1.00 0.08 0.97 0.93–1.00 0.07

Sex 1.23 0.55–2.75 0.62

Body mass index 1.06 0.96–1.18 0.26

Diagnosis 1.18 0.82–1.71 0.89

History of spine
surgery

0.32 0.10–1.01 0.052 0.73 0.20–2.66 0.63

Institution 3.08 1.14–8.30 0.03* 2.59 0.84–8.02 0.09

ECI 65806.59 0.02–1.81e
+ 11

0.14

Intervertebral
instability

2.85 1.24–6.54 0.01* 2.56 1.00–6.51 0.046*

Dural sac area 0.98 0.97–0.99 0.0005* 0.98 0.97–0.99 0.002*

Level of lesion 1.14 0.60–2.18 0.7

Bony stenosis 1.46 0.48–4.39 0.5

Epidural fat 0.31 0.04–2.60 0.28

CI, confidence interval; ECI, elixhauser comorbidity index; SD, standard deviation.

*Statistical significance (p < 0.05).
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for the 49 patients for whom datawere available. ThemeanVAS score

for lumbar pain decreased significantly from 38.7 ± 5.3 mm

preoperatively to 18.9 ± 4.0 mm, 20.3 ± 3.9 mm, 21.9 ± 4.2 mm, and

20.7 ± 3.6 mm immediately and 1, 3 and 6 months postoperatively

(Figure 2A). The VAS score for leg pain decreased significantly from

69.6 ± 4.0 mm preoperatively to 35.4 ± 4.3 mm, 45.1 ± 4.7 mm,

44.0 ± 4.7 mm and 41.9 ± 4.5 mm immediately and 1, 3 and 6

months after surgery (Figure 2B). VAS scores were measured only

for evaluation of the effect of TSCP so were not recorded after

surgery in the RS(+) group.
Discussion

Epidural adhesiolysis is an interventional treatment for lumbar

spinal canal stenosis, lumbar disc herniation and postoperative
FIGURE 2

Visual analogue scale (VAS) scores preoperatively and immediately, 1, 3 an
repeated measures analysis of variance followed by post hoc Bonferroni ad
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lumbar spine syndromes (18, 19). Since 1989 when Racz et al. first

performed this procedure using hypertonic saline (20, 21), it has been

performed worldwide. The main mechanisms involved in exfoliation

of epidural adhesions are removal of perineural adhesions that may

aggravate neuralgia (22) and the washout effect of inflammatory

cytokines present in the lesion after steroid injection (23).

A meta-analysis of two randomized controlled trials and

four observational studies provided Level II evidence for the

effectiveness of percutaneous adhesiolysis for lumbar spinal

canal stenosis (10). In addition, according to a systematic review of

nine RCTs, percutaneous adhesiolysis was effective for 1 year in the

management of low back and leg pain in patients with lumbar spinal

stenosis, lumbar disc herniation and postoperative pain syndrome

(24). Another study demonstrated the effectiveness of epidural nerve

adhesiolysis for low back and leg pain regardless of type of lumbar

disc herniation (25). Other studies (26, 27) have focused on

comparing physical therapy and epidural anaesthesia based on the

assumption that epidural adhesiolysis has only an interventional

role, but the data support the definite presence of adhesions even in

preoperative patients with lumbar spinal stenosis or lumbar disc

herniation. In addition, Yokosuka et al. performed epidural contrast

imaging and evaluated CT in patients who had undergone adhesion

release for severe lower back pain (28). The results showed

morphological features of the epidural space that were not depicted

on MRI. In addition, although the CT images were obtained after

adhesiolysis, they revealed the presence of epidural connective tissue

or adhesions (28). Thus, it is clear that adhesions were present in the

epidural space, even in preoperative patients. During the TSCP

procedure, we position the catheter ventral to the dural canal and

flow contrast before dissection of the adhesions to ensure that the

contrast is interrupted at the stenosis. Then, after sufficient

dissection of the stenosis, we again flow contrast to confirm that it

can pass through the stenosis.

Unlike conventional catheters such as the Racz, the catheter

used for TSCP (myeloCath®, Biomedica Healthcare Ltd., Tokyo,

Japan) (8) is movable with excellent operability and followability,

and mechanical adhesiolysis is possible by simply moving it from

side to side (13). Data from collaborative studies at other
d 6 months postoperatively. (A) Lumbar pain; (B) leg pain. *p < 0.001,
justment. M, months.
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FIGURE 3

Representative examples of areas that are close to the cutoff value of 93.9 cm2. The dural sac area is indicated in yellow. (A) 93.7 mm2 at L4/5 (B)
93.9 mm2 at L3/4.
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institutions have shown that TSCP improves back and leg pain

regardless of whether the patient has had previous spine surgery

and that it may be a treatment option for elderly and

immunocompromised patients for whom multiple surgeries are

not recommended (8). Therefore, in this study, in order to

determine whether TSCP can be considered a definitive surgery

or simply an interventional treatment, we aimed to clarify

whether TSCP can avoid open revision surgery and identify the

factors that may lead to additional surgery.

In this study, we evaluated the efficacy of TSCP by focusing on

whether the patient underwent open revision surgery after TSCP.

As in previous reports (29, 30), we considered including duration

of symptoms and severity of preoperative leg and back pain as

prognostic factors but were unable to do so owing to lack of

sufficient data. We consider this to be a limitation of this study.

In addition, dural sac area rather than spinal canal area was

selected as a factor in the assessment of stenosis. Consistent with

this, there are previous reports indicating that dural sac area is a

more sensitive measurement parameter than spinal canal area

(31) and that a narrow dural sac area on magnetic resonance

images is associated with leg pain at 1 year after lumbar spine

surgery (32). Further, in view of a report suggesting that stenosis

caused by epidural lipomatosis can be relieved by dissection of

adhesions (13), the presence or absence of epidural lipomatosis

was also selected as a factor. Other limitations of this study are

that not all factors were included in the multivariate analysis and

collinearity between factors could not be considered.

Comparison of our RS(−) and RS(+) groups showed significant

differences in terms of the facility where the patient underwent

surgery (p = 0.03), intervertebral instability status (p = 0.03) and

dural sac area (p = 0.03), but not in the other parameters. The

finding on where the surgery was performed could reflect the fact
Frontiers in Surgery 05
that additional surgery can be organized in a timelier manner by

affiliated hospitals than by university hospitals after the decision is

made. Another possibility was that patients at the university

hospitals and affiliated hospitals were more likely to have more

complications, making it more difficult to select additional

surgeries. However, there were no obvious differences in ECI

between institutions. We considered adjusting for the variation

between groups using the propensity score matching method but

did not do so because it would have reduced the number of subjects.

Potentially relevant patient background and imaging

characteristics were examined in univariate analysis, and factors

with p-values <0.1, namely, age, history of surgery, facility where

surgery was performed, intervertebral instability and dural sac

area, were selected for multivariate analysis. The results showed

that presence of intervertebral instability (p = 0.046) and a narrow

dural sac area (p = 0.002) were significant independent factors

associated with the need for additional surgery, which is in

contrast with the findings of a study of the effectiveness of the

Racz catheter that identified a history of lumbar spine surgery and

lumbar disc herniation to be prognostic factors (30). In the

present study, a history of surgery and the diagnosed disease were

not significant factors. The reason why a history of surgery was

not a poor prognostic factor for additional surgery may reflect the

fact that the catheter used for TSCP is easy to operate and has a

good ability to dissect adhesions. However, the degree of stenosis,

which was not significant in previous reports, was extracted as a

significant factor in this study; one possible reason for this finding

is that the degree of stenosis was evaluated quantitatively using the

dural sac area instead of scoring into three levels (30). According

to the ROC curve, the optimal cutoff value for the spinal sac area

was 93.9 cm2. The images for two representative cases are shown

in Figure 3. Patients with stenosis more severe than this cutoff
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value and those with intervertebral instability were considered more

likely to need additional surgery after TSCP.

Three other limitations to this study that should be noted. First,

this study evaluated efficacy by focusing on whether the patients

underwent open revision surgery after TSCP and did not follow

improvement of clinical features such as VAS over the long term

as other studies have done. Second, this was a retrospective study,

so it may not have included all patients with severe stenosis and

would not include patients who preferred open surgery rather

than TSCP from the outset. Therefore, the exact extent to which

TSCP can avoid open revision surgery could not be determined.

Also, we evaluated whether reoperation was avoided during a

short follow-up period. Third, because the surgeries were

performed by a variety of surgeons during the study period, we

cannot rule out the possibility that the results were affected by

unrecognized effects of individual differences between surgeons,

such as patient selection bias or surgical indications. Therefore,

there may have been cases in which TSCP was performed without

adequate conservative treatment such as epidural block.
Conclusion

In conclusion, 69.6% of patients who underwent TSCP during our

study period were able to avoid open revision surgery. We did not

identify any background factors, such as surgical history, age or

BMI, that could have led to open revision surgery. However, the

presence of intervertebral instability and a narrow dural sac area

were found to be preoperative imaging factors leading to additional

surgery. Although TSCP is a minimally invasive procedure and may

avoid open revision surgery regardless of previous surgical history,

open surgery should be the first choice for patients with

intervertebral instability or severe spinal canal stenosis.
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