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This review aims to systematically evaluate the incidence, management strategies, and clin-
ical outcomes of iatrogenic durotomy (ID) in endoscopic spine surgery and to propose a
management flowchart based on the tear size and associated complications. A comprehen-
sive literature search was conducted, focusing on studies involving endoscopic spinal pro-
cedures and incidental durotomy. The selected studies were analyzed for management tech-
niques and outcomes, particularly in relation to the size of the dural tear and the presence
of nerve root herniation. Based on these findings, a flowchart for intraoperative manage-
ment was developed. A total of 14 studies were included, encompassing 68,546 patients.
Varying incidences of ID, with management strategies largely dependent on the size of the
dural tear, were found. Small tears (less than 5 mm) were often left untreated or managed
with absorbable hemostatic agents, while medium (5-10 mm) and large tears (greater than
10 mm) required more complex approaches like endoscopic patch repair or open surgery.
The presence of nerve root herniation necessitated immediate action, often influencing the
decision to convert to open repair. Effective management of ID in endoscopic spine surgery
requires a nuanced approach tailored to the size of the tear and specific intraoperative chal-
lenges, such as nerve root herniation. The proposed flowchart offers a structured approach
to these complexities, potentially enhancing clinical outcomes and reducing complication
rates. Future research with more rigorous methodologies is necessary to refine these man-
agement strategies further and broaden the applications of endoscopic spine surgery.

Keywords: Iatrogenic durotomy, Dural injury, Dura tear, Complication, Management,
Surgical technique, Systematic review

recognized trend in spinal surgery, evidenced by a marked in-
crease in related scholarly studies."” This evolution in practice

Endoscopic spine surgery (ESS), first introduced in the early
1990s specifically for discectomy procedures, has since evolved
significantly. Its applications now extend to a broader spectrum
of spinal interventions, including decompression and fusion
techniques. Over the past decade, ESS has emerged as a globally
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is mirrored in the classification of ESS into 2 primary categories:
full ESS (uniportal system) and unilateral biportal ESS (UBE,
or the biportal system). The full-endoscopic approach involves
simultaneous viewing and operative intervention through a
single portal channel, whereas the UBE technique distinguishes
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itself by utilizing separate channels for viewing and operational
purposes. The latter has gained increasing acceptance due to its
compatibility with standard surgical instruments and a com-
paratively shorter learning curve for practitioners.”

Despite its minimally invasive nature and associated benefits,
such as reduced intraoperative blood loss and shorter hospital
stays, ESS is not without its challenges. A significant concern is
iatrogenic durotomy (ID), a prevalent intraoperative complica-
tion. This complication is particularly challenging to address
due to the limited working space available in ESS procedures.
ID can lead to a range of adverse outcomes, from pseudomenin-
gocele and persistent headaches to more severe complications
like infection, persistent radiculopathy, dysesthesia, and cere-
brospinal fluid (CSF) leakage, affecting up to a third of patients
who experience this complication.* Despite some proposed
techniques for managing ID, a comprehensive systematic re-
view addressing the management of ID within the context of
ESS remains a notable gap in the literature. Thus, we conducted
this review with the aim of filling that void by proposing our
simplified repair method suited for a full-endoscopic approach
and evaluating the current evidence on ID management strate-
gies in ESS.

MATERIALS AND METHODS

1. Search Strategy and Data Extraction

This study was reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines.” The study protocol for this systematic
review and meta-analysis was registered on the PROSPERO
(International Prospective Register of Systematic Reviews; ID
No. 527269). For nonhuman interventional research, ethical
approval and informed consent are not needed. We searched
the PubMed (MEDLINE), Cochrane Library, Scopus, and Web
of Science electronic databases from inception to 1 March 2024.
We also manually searched for published or preprinted articles.
In accordance with the Cochrane Handbook for Systematic Re-
views of Interventions, 2 independent investigators extracted
the demographic (author, publication year) and intervention
data (surgical technique, measurement metrics).

We included various types of studies, including randomized
controlled trials, prospective or retrospective cohorts, case re-
ports, case series, and technical notes for interventions without
restrictions regarding age, sex, or race. This is because specific
reports regarding ID during ESS are still scarce. Studies that in-
cluded the use of other endoscopic or minimally invasive ap-

https://doi.org/10.14245/ns.2448346.173

proaches other than uniportal or biportal endoscopy, such as
microendoscopic discectomy/decompression (MED) or tradi-
tional microsurgery, were all excluded. All the narrative or sys-
tematic review articles, as well as short communications, letters,
or other kinds of publications not mentioned above, were also
excluded. The occurrence of ID is clearly defined as an inadver-
tent injury of the dura mater during the endoscopic spinal op-
eration as a complication. As in detail among the reports, vari-
ous details of the management, a surgical technique to address
or repair the lesion, incidence rate, or clinical outcomes were
thoroughly examined. There were also no restrictions regard-
ing the threshold ranges of any demographic baseline, the min-
imum number of participants, and the technology or the device
that had been used. WT and AA independently extracted data
to Microsoft Excel (Microsoft Corporation, 2018, Microsoft
Excel) using a structured and standardized form. In addition to
outcomes, information on a vast array of clinical and method-
ological trial characteristics was extracted, as described previ-
ously in the protocol. In cases of discrepancies among the eval-
uators concerning the extracted data, a third reviewer (SS) was
consulted to achieve a final consensus. The following data were
extracted from the eligible studies, including the author’s name,
publication year, study design, sample size, follow-up duration,
clinical measurement outcomes, and the management or tech-
nique used to address the complication.

2. Risk of Bias Assessment and Outcome Indicators

Two reviewers (KJ and SS) independently assessed the risk of
bias (RoB) of included studies using the Risk Of Bias In Non-
randomized Studies—of Exposure (ROBINS-E) tool.® A visual-
ization tool (Robvis) was used to visualize the RoB assessment
in our systematic review.” The ROBINS-E tool comprises 7 do-
mains to assess the RoB, including the bias due to confounding,
bias arising from the measurement of the exposure, bias in the
selection of participants into the study (or into the analysis),
bias due to postexposure interventions, bias due to missing
data, bias arising from the measurement of the outcomes, and
the bias in the selection of the reported result. In cases of dis-
crepancies in RoB assessment results among the reviewers, a
discussion between the 2 reviewers would also be arranged to
finalize the results.

3. Data Synthesis and Statistical Analysis

Because of the scarcity of publications on the topic of interest
and the high heterogeneity of study designs and methodology
among the included studies, a meta-analysis was not performed
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in our systematic review. Accumulated data from all the includ-
ed studies presenting as mean or percentage were also synthe-
sized and reported. Statistical analysis was performed using the
network packages in Stata using STATA/MP (Release 17. Stata-
Corp LLC, College Station, TX, USA).

RESULTS

1. Study Characteristics

The process of evaluating studies according to the inclusion
and exclusion criteria is demonstrated in Fig. 1, using the PRIS-
MA 2020 flow diagram for updated systematic reviews.® From
the initial results of 104 studies from the databases, after screen-
ing the abstracts and reviewing the complete texts, 14 studies
with a total of 68,546 patients were ultimately included in this
review.*”?! A total of 8 retrospective cohorts, 2 prospective co-
horts, 2 case series, 1 case report, and 1 retrospective surgeon
survey were included. Most of the indications for surgery were
lumbar disc herniation, followed by lumbar spinal canal steno-
sis, or both. Furthermore, most of the ESS systems reported in

the included studies were uniportal or full-endoscopy (12 stud-
ies, 85.71%). All the details of the included studies are shown in
Table 1. A total of 4 studies were considered to have a moderate
level RoB, which is commonly due to the possible contributing
confounding factors observed in their respective studies. An-
other 4 studies were considered to have high-level RoB and were
also commonly observed from the possible contributing con-
founding factors and concerns from the measurement of the
outcomes. The overall RoB was considered moderate or pos-
sessed some concerns when considering all of the 7 domains
altogether, which could be expected from the inclusion of non-
randomized studies. The details of the RoB assessment visual-
ized using the Robvis tool are demonstrated in Fig. 2.

2. Incidence and Clinical Consequences

The incidence and clinical outcomes of ID in spinal surgeries
exhibit significant variation across different studies and surgical
approaches. A study incorporating the complex full-endoscopic
technique of unilateral laminotomy for bilateral lumbar decom-
pression noted an ID rate of 7.5%. It also highlighted that while

Identification of new studies via databases and registers

g 0 Studies included in previous .
2 . . . . Records removed before screening:
g= version of review Records identified from: .
S 60 Duplicate records removed
& 104 Databases oo s 5
= L . . 0 Records marked as ineligible by automation tools
g 0 Reports of studies included in 0 Registers
< . . . 0 Records removed for other reasons
= previous version of review
‘ 44 Records screened ‘H‘ 8 Records excluded ‘
‘ 36 Reports sought for retrieval ‘4»‘ 0 Reports not retrieved
50
4
g :
o
w‘J ‘ 36 Reports assessed for eligibility ‘H Reports excluded:
- 3 Including MED
- 1 Including Micro
- 3 Not iatrogenic
- 2 Narrative review
- 2 Systematic review
L - 1 Not relevant
etc.
A4
14 New studies included in review
14 Reports of new included studies
: :
£
Q
&
14 Total studies included in review
-
14 Reports of total included studies

Fig. 1. Flowchart diagram demonstrating the articles included in this systematic review using the PRISMA (Preferred Reporting

Items for Systematic Reviews and Meta-analyses) 2020 guideline.
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Revision
surgery?
(n, cause)

No

Symptoms

NA

Drain?
NA

(n)

No (1); 1
day (7); 2

days (4);
>3 days

(1)

Bed rest?
1 Day

Technique of
dural closure? (n)

open? (n)
13  No Dural inlay graft

ESS No. of Convert to

system tear

Uni

Diagnosis
174 NA

No.

Study design
Retrospective

Table 1. Studies included in this systematic review and its characteristics (Continued)

Study
Greil et al.?
(2023)

760 Www.e-neurospine.org

No

Tingling dysesthesia in

NA

CT-guided epidural fibrin

CFS Uni No

1

Case report

Motov et al.?!

both upper extremities ,
orthostatic headache

and neck pain

patch

(2023)

ESS, endoscopic spine surgery; LDH, lumbar disc herniation; NA, not mentioned or not available; LSS, lumbar spinal canal stenosis; Uni, uniportal; Bi, biportal; CDH, cervical disc her-

niation; CFS, cervical foraminal stenosis; PEG, polyethylene glycol; CT, computed tomography.

perioperative durotomy prolongs hospital stays, it does not mark-
edly influence the occurrence of other perioperative complica-
tions or the need for revision surgery.” Sencer et al.'’ reported a
comparable incidence of ID, underscoring that advancements
in surgical techniques and management strategies are reducing
its adverse effects on patient recovery and functional outcomes.
Conversely, Vargas et al."” observed that severe irrigation-relat-
ed complications following the incidental durotomy intraoper-
atively, such as intracranial air bubble, subarachnoid hemor-
rhage, meningitis, or pseudomeningocele, can lead to persistent
symptoms like headache, neck pain, diplopia, seizure, auto-
nomic dysreflexia, and sensory deficits, or even cardiac arrest if
inadequately addressed. However, despite the potential for ad-
verse outcomes, the current literature suggests that with prompt
recognition and appropriate management, the long-term effects
of incidental durotomy can be significantly decreased, allowing
for satisfactory clinical outcomes in the majority of cases."

Other included studies offer more insights into the incidence
of ID across various endoscopic spinal procedures. Recently,
Derman et al.” identified an ID incidence of 1.02% in 295 cases
of uniportal full ESS. A large number of surveys among endo-
scopic spine surgeons by Lewandrowski et al.* revealed an ID
rate of 1.07% in 64,470 lumbar endoscopies, with medium-sized
dural tears (1-10 mm) being the most prevalent, whereas an-
other study reported a higher incidence of 4.5%."* Moreover,
Kim et al.'® found an even higher rate of 8.18% incidence of ID
during endoscopic lumbar decompression procedure in a study
of 330 patients. They noted that ID occurrence varied with the
surgical level and was more common in the interlaminar de-
compression compared to the transforaminal approach. Lastly,
Kim et al.”” conducted a study of the recently developed UBE
and indicated a similar rate of 1.6% in a total of 1,551 cases.

3. Management

Various management techniques have been described to ad-
dress ID. Among all the included studies, all variations of man-
agement were primarily based on the size of the tear, with dif-
ferent strategies adopted for small, medial, and large-sized tears
(roughly as less than 5 mm, 5-10 mm, and more than 10 mm,
respectively). For small-sized tears (less than 5 mm), Derman
et al.'” demonstrated that IDs measuring 2 to 2.5 mm could be
effectively repaired using a collagen matrix inlay technique.
This approach negated the need for prolonged bed rest, and all
patients achieved excellent outcomes without further complica-
tions, based on their reports. This method is suggested to be
suitable for other minimally invasive spine surgery techniques

https://doi.org/10.14245/ns.2448346.173
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Risk of bias domains
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Fig. 2. Graphic visualization showing the assessment of the risk of bias among the included studies using the ROBINS-E (Risk

Of Bias In Non-randomized Studies—of Exposure) tool.

as well. Lewandrowski et al.* also observed that most dural tears
in their study were small and could be successfully managed
with mechanical compression using only gel foam and sealants.

In cases of medium-sized tears (5-10 mm), Kim et al.' pro-
posed the Endoscopic Patch Blocking Dura Repair technique,
presenting it as an effective method, especially for type 1 to type
3A dural tears based on a classification of dural tears by Blecher

https://doi.org/10.14245/ns.2448346.173

et al.** This technique was associated with a good prognosis and
clinical outcomes. Another study group by Kim et al."” reported
that 20 cases of IDs measuring less than 10 mm were also suc-
cessfully treated with just a patch technique. Park et al."* have
described the medium-sized tear similarly (4-12 mm) and re-
ported a technique of using a fibrin sealant patch (Tachosil,
Baxter, Deerfield, IL, USA), complemented by close inpatient
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observation after the surgery. All of the 14 cases in their study
were treated using this fibrin sealant approach with good re-
sults.

When managing large-sized tears (more than 10 mm), sever-
al different strategies were observed. Park et al."* attempted pri-
mary closure using the endoscopy for tears exceeding 12 mm.
Based on the same classification proposed by Blecher et al.?
Kim et al.'* recommended considering conversion to open re-
pair for type 3B, C, and 4 dural tears, which were usually asso-
ciated with fair to poor outcomes. Another study by Kim et al.””
reported that of the 5 cases of IDs measuring 10 mm or more,
3 underwent open repair within a few days. Additionally, 2 cas-
es that did not respond to conservative management required
delayed revision surgery due to pseudomeningocele. As a re-
sult, the management of ID during ESS thus varies according to
the size of the tear, with each tear size category having specific,
effective treatment protocols. These strategies range from mini-
mally invasive techniques for smaller tears to more involved
surgical interventions for larger tears. This systematic approach
to managing IDs is crucial in optimizing patient outcomes and
reducing the risk of further complications.

DISCUSSION

The increasing evidence in favor of endoscopic spine proce-
dures (ESS) highlights their growing prominence in the field of
spinal surgery, with studies demonstrating outcomes that are
either comparable to or surpass those of conventional micro-
scopic surgery.” Notably, ESS is associated with numerous post-
operative benefits, including diminished pain, decreased reli-
ance on analgesics, smaller incisions, and reduced paraspinal
soft tissue damage. These advantages, in turn, contribute to a
lower incidence of infection and blood loss,* facilitating shorter
hospital stays and expedited resuming of daily activities. None-
theless, it is crucial to acknowledge the presence of complica-
tions inherent to these procedures. One of the more prevalent
perioperative complications encountered in ESS is ID, which, if
not properly managed, can lead to serious postoperative issues
like pseudo-meningocele, cutaneous fistula, and severe central
nervous system infections.

The occurrence of ID in traditional open lumbar spine sur-
geries is reported to be within the range of 1%-17%,”* and
that might be considered higher than that observed from ESS
in our study. The lower incidence rate of ID observed in ESS
can be attributed to several factors. The ESS procedure, which
provides a continuous flow of irrigation fluid and significantly

762 WWww.e-neurospine.org

enhances magnification power, affords the surgeon superior in-
traoperative visualization compared to traditional open surgery.
However, given that ESS is relatively new in the spine literature,
this difference in incidence rates, to be concerned, may also stem
from underreporting. Contributing factors to ID in ESS en-
compass both patient-specific conditions and procedural com-
plexities. These include circumstances such as revision surger-

ies, multiple cortisone injections,'***

and the inherent learning
curve associated with this relatively new technique. The grow-
ing adoption of ESS for more intricate cases—such as ossified
yellow ligaments, calcified thoracic discectomy, failed back sur-
gery syndrome, or spinal tumors—also plays a significant role.
Moreover, the chronic nature of certain pathologies leading to
fibrosis post prolonged compression and inflammation, as well
as procedures involving bilateral decompression via a unilateral
approach, require heightened technical proficiency from sur-
geons.”

The management of ID presents a domain that is still in need
of definitive guidelines. While some research points out the ne-
cessity of converting to open repair in certain instances, the of-
ten small size of dural tears renders their endoscopic repair a
technically demanding endeavor. A common approach in many
studies has been to leave the durotomy untreated or to address
it with absorbable hemostatic agents such as gel foam or fibrin
sealant patches. One potential explanation for the observed dif-
ferences compared to traditional surgery is that the ultra-mini-
mally invasive nature of the ESS technique results in smaller
soft tissue disruption and dead space relative to more conven-
tional methods, such as open or microsurgery. Consequently,
this could contribute to a rapid spontaneous tamponade effect,
thereby reducing the likelihood of CSF leakage.' Nonetheless,
this method must be executed with precision to avoid the risk
of introducing intradural foreign bodies.

Recent advancements in spinal endoscopy techniques, in-
cluding both uniportal and biportal approaches, have signifi-
cantly enhanced the ability to repair dural defects. These inno-
vations have made it feasible to address not only larger defects,
which pose a risk of severe complications, but also smaller ones,
particularly those involving an incarcerated nerve root. Our
findings indicate that the management strategy for ID largely
depends on the size of the tear. For smaller tears, typically less
than 5 mm, techniques such as patching techniques, the colla-
gen matrix inlay method, or opting for no intraoperative inter-
vention followed by closed postoperative observation have prov-
en effective in promoting swift recovery without necessitating
extended bed rest. For medium-sized tears (usually 5-10 mm),
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techniques like the Endoscopic Patch Blocking Dura Repair have
shown promise. Larger tears (greater than 10 mm) often require
more complex approaches, including primary endoscopic clo-
sure or, in more challenging cases, conversion to open repair.
This distinction in management strategies underscores the ne-
cessity for tailored treatment to optimize patient outcomes and
minimize the risk of complications.

Several factors should be considered regarding the use of en-
doscopic suturing in the management of ID. The skill sets and
learning curves required for endoscopic dura suture repair vary
significantly between uniportal and biportal techniques. Bipor-
tal ESS, which permits the use of conventional surgical instru-
ments unlike its uniportal counterpart and demands a skill set
similar to that required in conventional surgery, is more acces-
sible and simpler to adopt. Therefore, making direct compari-
sons between these techniques, especially in contexts requiring
suturing during intraoperative dura repair, may not be straight-
forward. Our systematic review supports the viability of endo-
scopic repair for medium (5-10 mm) or large (> 10 mm) dural
tears, although we do not specify a preference for uniportal ver-
sus biportal techniques. This is because of the scarcity of reports
on dura suturing in uniportal endoscopy and the relative ease
of suturing in biportal endoscopy. Moreover, our management
recommendations are designed to serve as guidance for clinical
decision-making rather than prescriptive mandates. If endo-
scopic repair is considered unfeasible, we advocate for open re-
pair as a preferable alternative, emphasizing the importance of

customized decision-making for each patient. Nevertheless, an
in-depth comparison of suturing techniques between uniportal
and biportal endoscopy would be beyond the scope and objec-
tives of this study, which aims to establish general recommen-
dations based on the available literature.

Although not explicitly addressed in the studies we reviewed,
the presence of concurrent nerve root herniation is a critical
factor influencing the outcomes of iatrogenic dural injury man-
agement.” This complication often correlates with the size of
the dural tear and should be prioritized in treatment. When en-
countering a “contained defect,” where the nerve root has not
herniated outside the dura, management strategies align with
those previously outlined. However, in instances of an “uncon-
tained defect” where the nerve root has herniated beyond the
dural layer, immediate action is necessary to reposition the nerve
root back into the dural sac before any repair or closure attempts.
In situations where the herniated nerve root cannot be reposi-
tioned within the dural sac, converting to an open surgical pro-
cedure is highly advised.?® This step is crucial to ensure the suc-
cessful reduction of the herniated nerve root prior to closure,
thereby averting further complex complications. Our review
introduces a comprehensive flowchart for managing ID, con-
sidering both the size of the dural tear and the status of the nerve
root (contained or uncontained defect). This flowchart, illus-
trated in Fig. 3, offers a valuable tool for clinicians, guiding them
in selecting the most appropriate management strategy when
faced with such intricate complications. This systematic approach

latrogenic durotomy during
endoscopic spine surgery

'

Contained defect |

'

| Uncontained defect

Yes I

I Able to reposition the nerve root back into the dural sac?

Size 5-10 mm

No

Closed observe Patching technique

- Nointraoperative - Absorbable gelatin sponge
management (e.g., Gelfoam®)

- Bedrest for 1-2 days - Collagen patch with
fibrinogen and thrombin
(e.g., TachoComb®, TachoSil®)

- Etc.

Endoscopic repair Open repair
- Suture repair
- Non-magnetic clipping

- Etc.

Fig. 3. A proposed strategic management flowchart for iatrogenic durotomy during endoscopic spine surgery.
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aims to optimize treatment outcomes and minimize the risk of
further issues arising from the iatrogenic dural injury.

Our systematic review offers distinct insights compared to
previous analyses, such as the one conducted by Muller et al.,”
which incorporated a broader scope of endoscopic techniques.
While their review included both uniportal and tubular-assisted
endoscopic techniques, yielding a reported overall dural tear
rate of 2.7% (ranging from 0%-8.6%), similar to our findings,
it did not distinguish between the nuances of these varying ap-
proaches. Likewise, they identified a higher risk of a dural tear
in synovial cyst resection and a unilateral approach for bilateral
decompression procedures. However, our review focuses ex-
plicitly on the more recent advancements in full-endoscopy
(uniportal) and UBE (biportal) procedures, excluding the tubu-
lar endoscopic-assisted techniques (microendoscopic discecto-
my/decompression or MED) due to their comparatively limited
intraoperative visualization and differing skill requirements.
Moreover, as previously mentioned, our systematic review ad-
heres strictly to the Cochrane Handbook for Systematic Re-
views and assesses the RoB with greater rigor, thus enhancing
its validity. Unlike the previous review, we delve into the speci-
ficities of dural tear management based on tear size, offering a
nuanced understanding that is critical for clinical application
with a proposed structured flowchart for managing dural tears
in ESS (Fig. 3). This targeted focus and methodological strin-
gency set our review apart, providing more specific, applicable
insights for the management of dural tears in the context of the
recent trend of ESS techniques.

Although the incidence of dural tears during ESS is relatively
low, future research should aim for more methodologically ro-
bust randomized studies. These studies should focus on com-
paring various techniques for addressing ID intraoperatively
and assessing their long-term outcomes to prevent further com-
plications from occurring. It is imperative to interpret the find-
ings from our review with caution due to the moderate level of
overall RoB assessed in the included studies. Future research
should endeavor to minimize these biases by implementing
more stringent controls for confounding factors and selecting
more precise methods to evaluate outcomes. Additionally, it is
crucial for future authors to comprehensively report all relevant
results to reduce the risk of selection bias. This approach will
enhance the validity of research in this field, providing clearer
insights into the management of ID during ESS.

Our study, while providing valuable insights, is subject to
several limitations. Firstly, approximately half of the included
studies raised concerns regarding the RoB, predominantly re-
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lated to potential confounding factors and the selection of clini-
cal measurement tools. Secondly, the relatively small number of
studies and participants included in our review could impact its
overall validity. This limitation, however, may be partly attrib-
utable to the inherently low incidence of dural tears in ESS.
Thirdly, although we did not conduct a formal statistical analy-
sis of the included studies, a high degree of heterogeneity is an-
ticipated. This variation primarily results from the inclusion of
diverse nonrandomized study designs. Nonetheless, given the
low incidence and limited previous literature on iatrogenic du-
ral injury during ESS, our review serves as an essential initial
exploration of this complex complication. Finally, considering
the increasing global interest in ESS and the retrospective na-
ture of most studies, there is a suspicion that the incidence of
ID during ESS may be higher than currently reported, poten-
tially due to information bias. These limitations highlight the
need for further research with more rigorous methodologies to
provide better quality of the included studies for future studies
of systematic review and might contribute to improved patient
care and outcomes in this rapidly changing spinal healthcare.

CONCLUSION

The management of incidental durotomies in endoscopic
spinal surgery varies widely due to the lack of standardized
guidelines. Treatment approaches range from nonintervention
for small tears to the use of sealant materials for larger ones.
The consideration of contained or uncontained dural defects
may also be crucial. Currently, transitioning to open repair is
rare, but as endoscopic repair techniques continue to advance,
the necessity for open repair may further diminish. These de-
velopments hold promise for expanding the capabilities of spi-
nal endoscopy, potentially including more complex procedures
such as intradural tumor surgery in the future.
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