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ARTICLE INFO ABSTRACT

Keywords: Introduction: Surgical treatment for tethered cord syndrome (TCS) involves a laminotomy for intradural lysis of
Tethered cord release filum terminale (LFT), with the goal of releasing excess tension on the conus medullaris by dividing the filum
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terminale. While LFT alleviates clinical symptoms, it is associated with risks and complications, including ce-
rebrospinal fluid (CSF) leak and infection, either superficial or deep. Some risks and complications of LFT relate
Complications to efficiency and quality of primary dural closure and its downstream effects. We sought to assess the utility of
Operative duration nonpenetrating titanium clips (TC) for primary dural closure with a particular focus on operative duration,
Cerebrospinal fluid leak associated costs, and complication profiles in a series of pediatric patients undergoing LFT, hypothesizing that TC
utilization leads to more efficient closure and therefore potentially lower costs and potentially associated
anesthetic length and risks.

Methods: A 4-surgeon, single institution series of 28 pediatric patients underwent LFT with subsequent dural
closure performed with either the AnastoClip® nonpenetrating titanium clips or traditional suture technique
between July 2022 and May 2023. In order to compare the safety, efficacy, and cost-effectiveness between the
two dural closure techniques, relevant data were collected including patient demographics and rates of CSF leak,
infection at three-month follow-up, and reoperation. Operative durations and times from beginning to end of
dural closure were recorded.

Results: A total of 28 pediatric patients (mean age: 5.9 years, 43% female, range: 0.71-17 years) with TCS un-
derwent LFT. All patients underwent procedures involving intradural surgery of the lumbar region. Dural closure
was performed using traditional suturing in 19 patients (67.9%) and TC in 9 (32.1%). With respect to duration of
dural closure, the average time to closure using traditional suturing techniques was 1271 s (or 21 min and 11 s),
while the average time for TC was 265 s (or 4 min and 25 s). At three-month follow-up, one case of cerebrospinal
fluid (CSF) leak or infection was observed in the suture cohort and required reoperation.

Conclusion: Clinical outcomes in the TC group were excellent, consistent with previous reports; our findings
further suggest that TCs result in more efficient dural closure than traditional suturing techniques. Our findings
suggest that TC may be a safe, efficacious, and more efficient alternative to traditional suture for achieving dural
closure in pediatric patients with TCS undergoing LFT surgery.

Abbreviations: LFT, lysis of filum terminale; TCS, tethered cord syndrome; TC, titanium clips.
* Previous presentations: This work was presented as an abstract at the 2023 New England Neurosurgical Society Annual Meeting June 22-24, 2023 at the Chatham
Bars Inn, Chatham, MA.
* Corresponding author. Department of Neurological Surgery Oregon Health & Science University Mail Code CH8N 3303 South Bond Avenue, Portland, OR, 97239,
USA.
E-mail address: winer@ohsu.edu (J. Winer).

https://doi.org/10.1016/j.wnsx.2024.100348

Received 27 June 2023; Received in revised form 4 December 2023; Accepted 21 February 2024

Available online 28 February 2024

2590-1397/© 2024 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:winer@ohsu.edu
www.sciencedirect.com/science/journal/25901397
https://www.journals.elsevier.com/world-neurosurgery-x
https://doi.org/10.1016/j.wnsx.2024.100348
https://doi.org/10.1016/j.wnsx.2024.100348
https://doi.org/10.1016/j.wnsx.2024.100348
http://crossmark.crossref.org/dialog/?doi=10.1016/j.wnsx.2024.100348&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

B.E. O’Neill et al.

1. Introduction

For pediatric spinal procedures involving intradural pathology, for
which durotomy is indicated, and for instances of incidental durotomy,
achieving a watertight dural closure is necessary for optimizing patient
outcomes and reducing morbidity and mortality. Consistent and effi-
cient dural closure is essential to prevent cerebrospinal fluid (CSF) leak
and its associated complications - such as intracranial hypotension and
infection of the leptomeninges (see Table 1, Figs. 1-3).

At present, an accepted treatment for tethered cord syndrome (TCS)
is lysis of filum terminale (LFT), which involves sectioning the filum
terminale to release the excess tension associated with aberrant spinal
cord attachments."*> While LFT has proven effective for alleviating
clinical symptoms of TCS, it is associated with significant risks and
complications, including CSF leak and retethering resulting from intra-
dural scar formation.”>® Because some of the risks and complications of
LFT center on the quality of primary dural closure, achieving a water-
tight seal and preventing CSF leak are critical steps toward reducing
morbidity and mortality in this patient population.®

A previous study assessed the novel application of a sutureless dural
closure system consisting of nonpenetrating titanium clips (TC) (Anas-
toClip® Vessel Closure System, LeMaitre Vascular, Inc. Burlington, MA)
for procedures involving lumbar durotomy in a single surgeon series of
152 pediatric patients.” Although these clips are traditionally used in
securing vascular anastomoses for 1-3 mm vessels, the investigators
assessed their safety and feasibility for thecal sac reconstruction in pe-
diatric patients with TCS® following LFT. Their goal was to achieve
precise, non-penetrating approximation of the spinal dura mater. The
study concluded with lower rates of CSF leak and postoperative infection
at an average 57.0 month follow-up than has been previously reported in
the literature. The benefit of TC not only revolves around its excellent
performance in achieving watertight dural closure, but extends to being
more facile and easier to apply while maintaining precision through the
narrow operative corridors encountered in pediatric spinal surgery.

We seek to investigate the utility of TC as a safe and efficient tool to
achieve primary dural closure following LFT, when compared to the

Table 1
Demographics of patients in study.
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Fig. 1. Demonstrates application of nonpenetrating titanium clips (Anasto-
Clip®) during primary spinal dural closure following cord detethering in a
pediatric patient with tethered cord syndrome.

alternative traditional suture-based closure. To do so, we identified
patients who recently underwent LFT followed by standard closure with
sutures or microsurgical TC closure. In comparing the two groups, we
hypothesized that using TC could enable a less technically challenging
dural closure for the involved surgeons, ultimately leading to signifi-
cantly reduced operating room (OR) times (resulting from faster dural
closure), avoidance of risks associated with longer administration of
anesthesia in pediatric patients, and an overall reduction in costs asso-
ciated with LFT (based on time saved and cost of materials used).

2. Methods

A retrospective 4-surgeon series of 28 pediatric patients who un-
derwent LFT with subsequent dural closure performed via one of two
techniques were assessed, the use of the AnastoClip® nonpenetrating
titanium clip closure system (Fig. 1) or the traditional suturing

Pt Suture or Indication Section of Sex  Age Follow-up CSF If yes, Infection?  If yes, Reoperation?  Time
Number Clip Spine (years) (Months) Leak? day #? day #?

1 Suture SFL Lumbar F 12 3 No No No 17:20
2 Suture SFL Lumbar F 17 3 No No No 16:24
3 Suture SFL Lumbar F 2 3 No No No 19:00
4 Suture SFL Lumbar M 0.71 3 No No No 11:28
5 Clips SFL Lumbar M 5 3 No No No 4:52

6 Suture SFL Lumbar F 8 3 No No No 16:30
7 Suture SFL Lumbar M 10 3 No No No 29:53
8 Suture SFL Lumbar M 117 3 No No No 14:40
9 Suture SFL Lumbar F 5 3 No No No 9:00

10 Suture SFL Lumbar F 1.67 3 No No No 30:41
11 Clips SFL Lumbar M 4 3 No No No 2:03

12 Suture SFL Lumbar F 1.08 3 No No No 10:09
13 Clips SFL Lumbar F 0.75 3 No No No 6:12

14 Clips SFL Lumbar F 1.25 3 No No No 5:25

15 Suture Lipoma Lumbar F 0.92 3 No No No 22:00
16 Clips SFL Lumbar M 3 3 No No No 6:33

17 Clips SFL Lumbar M 9 3 No No No 4:13

18 Suture SFL Lumbar M 0.92 3 No No No 22:59
19 Suture SFL Lumbar F 12 3 No No No 32:20
20 Suture SFL Lumbar M 10 3 No No No 34:35
21 Suture SFL/cyst Lumbar M 6 3 No No No 22.15

resection

22 Suture SFL Lumbar F 11 3 No No No 20:40
23 Suture SFL Lumbar M 11 3 Yes 16 Yes 16 Yes 28:00
24 Clips SFL Lumbar M 1.75 3 No No No 4:07

25 Suture SFL Lumbar M 1.167 3 No No No 19:42
26 Clips SFL Lumbar M 10 3 No No No 4:52

27 Suture SFL Lumbar M 17 3 No No No 24:46
28 Clips SFL Lumbar M 1.33 3 No No No 1:25
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Fig. 2. Demonstrates traditional suturing with Gore-Tex® suture during pri-
mary spinal dural closure following cord detethering in a pediatric patient with
tethered cord syndrome.
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Fig. 3. Image of the applicator of nonpenetrating titanium clips (AnastoClip®)
during primary spinal dural closure.

technique (Fig. 2) for closure of lumbar durotomy between July 2022
and May 2023. To compare the safety, efficacy, and cost-effectiveness
between the two dural closure techniques, relevant data was collected
including patient demographics and rates of cerebrospinal fluid (CSF)
leak, infection at three-month follow-up, and reoperation. Furthermore,
for comparative assessment of the efficiency between the two tech-
niques, operative duration and time from beginning to end of dural
closure were recorded (Table 1). Data on cost of materials used for dural
closure and operating room costs was pulled from the electronic medical
record and from existing contracts with companies supplying materials
to our institution.

The dural closure procedure utilized traditional suturing with CV-6
Gore-Tex® (Gore Medical; Newark, Delaware). According to the
manufacturer, CV-6 Gore-Tex® is a monofilament suture featuring
polytetrafluoroethylene (ePTFE) biomaterial with a microstructure,
combined with strong and ductile 300 series stainless steel alloy nee-
dles.” A 6-0 suture of this type was employed during the procedure. In
our institution, the approach involves a single-level laminotomy at the
intralaminar space. The length of the dural defect was not specifically
measured but was typically less than 8 mm. Notably, during dural
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closure, the arachnoid layer was intentionally excluded. This delicate
layer, dissected free from the nerve roots to confidently identify the
filum, is wispy and not amenable to primary closure.

Our Institutional Review Board determined that the above quality
improvement project was not human research.

3. Results

A total of 28 pediatric patients (5.9 years, 43% female, range:
0.71-17 years) with TCS underwent LFT. These included 26 patients
who underwent isolated LFT for TCS via simple filum lysis, one patient
who underwent LFT in conjunction with excision of a lipoma, and one
patient who underwent LFT in conjunction with cyst resection. All pa-
tients underwent procedures involving durotomy of the lumbar region.
Dural closure was performed using traditional suturing with CV-6 Gore-
Tex® (Gore Medical; Newark, Delaware) suture in 19 patients (67.9%)
and TC in 9 (32.1%). With respect to duration of closure, the average
time to closure using traditional suturing techniques was 1271 s (or 21
min and 11 s), ranging from 9 min to 34 min and 35 s. The average time
for TC was 265 s (or 4 min and 25 s), ranging from 1 min to 25 s to 6 min
and 33 s. Performing a two-sample t-test on these two sets of data,
assuming unequal variances, we obtain a t-statistic of —11.84 and a p-
value less than 0.0001. At three-month follow-up, one case of cerebro-
spinal fluid (CSF) leak or infection was observed requiring reoperation.
This patient had undergone dural closure using traditional suturing.

The AnastoClip® unit costs $719 per unit (Fig. 3). The CV-6 Gore-
Tex® suture, which is what is used for dural closure at our institution,
costs $31.33 per unit. Typically, when Gore-Tex® suture is used,
Duraseal® Exact is then applied over the suture line using the Micro-
Myst™ system. Duraseal® Exact cost $891.28 per unit, and the Micro-
Myst™ applicator $425.80 per unit. The MicroMyst™ flow regulator is a
one-time purchase at $1360.

Based on billing records at our institution, the average cost of 1 min
in the OR can be as high as $133, and Anastoclip® closure saved 17 min
of OR time on average. This equates to savings of $2,261, but even when
using more conservative OR cost estimates like $37/minute such as
suggested by Childers et al,'” the cost savings is significant (~$630).

4. Discussion
4.1. Summary of data and relevance to study hypothesis

The primary objective of this study was to evaluate the safety, effi-
cacy, and cost-effectiveness of TC for dural closure of durotomy
following LFT in pediatric neurosurgery. The study aimed to compare
the time taken for closure between TC and traditional suture methods,
with the goal of assessing the relevant cost-effectiveness and rate of
infection when utilizing both techniques. The patient cohort consisted of
28 individuals who were followed up for an average of 3 months. Ulti-
mately, the results preliminarily confirm our prediction that use of TC
for dural closure following LFT would significantly reduce the OR times
and lead to decreases in procedural costs and risk for infection.

4.2. Faster, more efficient closure and reduced costs and complications

The results of the present study suggest that TC closure was, on
average, significantly faster than traditional suture-based dural closure.
At the three-month follow-up, we observed 1 patient who developed a
CSF leak and related infection; this patient had undergone traditional
Gore-Tex suturing for dural closure. This patient required reoperation,
at which time a pinpoint area of CSF egression was noted from one of the
suture holes. Importantly, TC do not penetrate the dura, preventing this
exact complication.’ Occasionally when suturing, CSF egress from a
suture hole is encountered upon Valsalva necessitating a muscle patch
placement in some cases. This only occurred in the suturing cohort in
our series as the non-penetrating nature of the clips obviates this risk, a
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significant advantage of TC. Furthermore, manipulation of a suture
needle at a depth will generally require more space, i.e. a larger surgical
corridor. Use of TC allows for a smaller surgical pathway without
compromising the integrity of the dural closure integrity. Smaller inci-
sion size is a theoretical advantage of TC, though it was not measured in
this study.

Our findings suggest that using the TC system is safe and is in line
with prior research involving 152 pediatric patients who underwent
lumbar durotomy procedures, where the TC system was used for dural
closure. That study found a postoperative rate of CSF leak of 1.32% and
only one patient (0.66%) with an infection.” Our results, though a
smaller sample size, confirm these findings regarding CSF leaks and
infections and demonstrate the impact efficiency and cost-effectiveness
of TC can have for the patient. Operating rooms are known to incur
significant costs, as they require multiple factors to run successfully. In a
study conducted by Childers et al, financial disclosure documents from
general and subspecialty hospitals in California between 2005 and 2014
were analyzed, and it was found that the mean cost of OR time ranged
from $36 to $37 per minute.'® By decreasing operating time, regardless
of the operator’s level of comfort, use of TC reduces the cost to both the
hospital and the patient depending on billing practices. The Anasto-
Clip® unit costs $719 per unit compared to the cost of Gore-Tex® suture
plus Duraseal® Exact plus the MicroMyst™ applicator, which comes out
to $1348.41. This excludes the one-time cost of the Flow Regulator.
Duraseal is used at our institution after dural closure with suture due to
the small holes made by the suture needle itself. As the Anastoclips are
non-penetrating clips, this additional layer of security in closure is not
needed. At a minimum, Anastoclip® closure costs $1200 less than su-
turing, and at maximum about $2890 less. With an average of 48 LFT
procedures performed at our institution each year, this equates to an
estimated annual savings of a minimum of $57,600 and a maximum of
$138,720. Prolonged OR times not only result in increased costs to the
patient, but also to the hospital due to higher utilization of resources
such as increased anesthesia and nursing time, greater use of surgical
supplies, and the need for more postoperative care. Improving the effi-
ciency of the operating room by identifying components of a procedure
that can be expedited without compromising patient safety is crucial for
reducing overhead costs."’

Our study shows that use of TCs can potentially decrease the inci-
dence of infections and reoperations at the three-month follow-up. This
is based on a direct comparison of absolute infection rates between the
two groups - the clips group and the suture group. In the clips group,
which consisted of 9 cases, there were zero infections. On the other
hand, in the suture group with 19 cases, there was one infection. This
difference in infection rates could suggest a correlation between the use
of clips and a lower incidence of infections, although it is not statistically
significant. Additionally, it is worth noting that the suturing process
took significantly longer than clipping, which increases the patient’s
intraoperative exposure to the OR environment. Longer operating times
are associated with more risk, such as increased exposure to pathogens
and a greater number of people involved in the patient’s care, a study by
Short et al found that longer operative times in pediatric spine proced-
ures increased the odds of major complications.’? The study suggests
that further investigation is necessary to identify the factors that
contribute to longer operative times. Importantly, however, a systematic
review of 81 studies found that longer surgical duration was associated
with a higher risk of surgical site infection (SSI) in an incremental
fashion, meaning as the duration increased, the SSI risk increased.'® In
LFT, one potentially lengthy step is adequate dural closure. The incision
made for this procedure in pediatric patients is intentionally small at our
institution and therefore the working corridor for dural closure is
exceedingly narrow. This makes manipulation of the dura more tech-
nically challenging, which increases the average time taken for this step.
Utilizing the TC system in LFT is shown to be more efficient and faster
than traditional suturing techniques since Anastoclips do not need as
wide of a corridor for precise application, and therefore less time was
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needed for this step with this technique. In a study by Iglesias et al, they
demonstrate prolonged operating times were independently associated
with surgical site infections, readmission, and reoperation within 30
days in pediatric patients undergoing complicated appendectomy.'”
Therefore, minimizing operating time is essential to improve patient
outcomes. Longer surgeries require patients to remain under anesthesia
for extended periods. Research on rats, mice, and non-human primates
has indicated that exposure to anesthetic agents can potentially cause
neuronal cell death.'® Thus, there is growing concern about the safety
and risk of neurotoxicity associated with anesthesia use in children.
However, recent studies have found no significant differences in
cognitive and behavioral development.'® Utilizing the TC system
shortens the length of surgery and children can be spared the exposure to
potentially harmful agents, reducing their risk of acute and chronic
adverse effects from medication.

4.3. Limitations

Although TC has several advantages in dural closure, it is important
to consider the potential limitations of its usage and of this study. One
such limitation is the small sample size of our study, in addition to a
discrepancy in size between the two groups (19 suture patients and 9 TC
patients). As this was not a prospective trial, the decision to use clips vs
sutures was determined by the individual surgeon. While multiple sur-
geons did use both methods, there was no initial intention to ensure
equal cohorts. Our study time was limited to July 2022 to March 2023,
so we do not have a retrospective control group with accurate times to
compare to. However, power analysis led to the conclusion that this
sample size had sufficient statistical power to detect a meaningful dif-
ference between the two groups. Additionally, application of TC for
dural closure is supported here by data on initial primary dural closure,
however their efficacy in re-do surgery where dura may be thickened or
scarred may pose a greater challenge and has yet to be systematically
evaluated. Finally, there is a learning curve associated with the use of
TC, as with any new surgical technique, and surgeons may require
training and practice before becoming proficient in using the device.
While the use of TC may reduce the overall cost of the procedure due to
decreased OR time, the initial cost of the device may be higher than that
of traditional sutures. Although short-term outcomes of TC usage have
been studied, there is limited data on the long-term outcomes and
durability of the device. Anecdotally, the presence of titanium clips does
not significantly affect the quality of MR imaging of the lumbar spine. In
addition, clip removers may be used to remove clips should re-operation
be necessary. Our institutional experience is, however, limited in terms
of adverse effects in long-term follow up, though we are reassured by
reported experiences in other uses. Further studies are needed to eval-
uate the long-term outcomes of TC usage. Therefore, while TC has
several advantages in dural closure, it is important to consider its po-
tential limitations and the need for further research to fully understand
its long-term outcomes.

4.4. Future considerations

These clips can be used in cranial dural closure and have successfully
been employed in a few cranial cases at our institution. However, further
investigation and follow-up is needed to determine if this application
has similar or even improved results when compared to suture closure of
cranial dura. In addition, we did not specifically measure the length of
the dural defect, which is something to be considered in future studies.
By measuring the length of the incision, we can optimize the length of
the dural defect needed to achieve filum lysis. Understanding the
optimal length of incision would aid in this goal.

5. Conclusion

In conclusion, our findings suggest that TC may be a safe, efficacious,
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and more efficient alternative to traditional suture for achieving dural
closure in pediatric patients with TCS undergoing LFT surgery. This
implies that TC may represent a cost-effective alternative that can
reduce operating room times. Future studies should investigate the
utility of TC for closure of spinal durotomy in larger cohorts over longer
follow-up times, as well as assess the applicability of TC for dural closure
following procedures involving other anatomical locations where
watertight dural closure may be technically challenging.
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