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ABSTRACT

Background: Incidental dural tears during lumbar endoscopy can be challenging to manage. There is limited
literature on their appropriate management, risk factors, and the clinical consequences of this typically uncommon
complication.

Materials and Methods: To improve the statistical power of studying durotomy with lumbar endoscopy, we
performed a retrospective survey study among endoscopic spine surgeons by email and chat groups on social media
networks, including WhatsApp and WeChat. Descriptive and correlative statistics were done on the surgeons’ recorded
responses to multiple-choice questions. Surgeons were asked about their clinical experience with spinal endoscopy,
training background, the types of lumbar endoscopic decompression they perform by approach, the decompression
instruments they use, and incidental durotomy incidence with routine lumbar endoscopy.

Results: There were 689 dural tears in 64 470 lumbar endoscopies, resulting in an incidental durotomy incidence
of 1.07%. Seventy percent of the durotomies were reported by 20.4% of the surgeons. Eliminating these 19 outlier
surgeons yielded an adjusted durotomy rate of 0.32. Endoscopic stenosis decompression (54.8%; P < .0001), rather than
endoscopic discectomy (44.1%:; 41/93), was significantly more associated with durotomy. Medium-sized dural tears (1—
10 mm) were the most common (52.2%; 48/93). Small pinhole durotomies (less than 1 mm) were the second most
common type (46.7%; 43/93). Rootlet herniations were seen by 46.2% (43/93) of responding surgeons. The posterior
dural sac injury during the interlaminar approach (57%; 53/93) occurred more frequently than traversing nerve-root
injuries (31.2%) or anterior dural sac (23.7%; 22/93). Exiting nerve-root injuries (10.8%;:10/93) were less common. Over
half of surgeons did not attempt any repair or closure (52.2%; 47/90). Forty percent (36/90) used sealants. Only 7.8% (7/
90) of surgeons attempted an endoscopic repair or sutures (11.1%; 10/90). DuralSeal was the most commonly used
brand of commercially available sealant used (42.7%; 35/82). However, other sealants such as Tisseal (15.9%; 13/82),
Evicel (2.4%2/82), and additional no-brand sealants (38; 32/82) were also used. Nearly half of the patients (48.3%; 43/
89) were treated with 24-48 hours of bed rest. The majority of participating surgeons (64%; 57/89) reported that the
long-term outcome was unaffected. Only 18% of surgeons reported having seen the development of a postoperative
cerebrospinal fluid (CSF)-fistula (18%;16/89). However, the absolute incidence of CSF fistula was only 0.025% (16/
64 470). Severe radiculopathy with dysesthesia; sensory loss; and motor weakness in association with an incidental
durotomy were reported by 12.4% (11/89), 3.4% (3/89), and 2.2% (2/89) of surgeons, respectively.

Conclusions: The incidence of dural tears with lumbar endoscopy is about 1%. The incidence of durotomy is
higher with the use of power drills and the interlaminar approach. Stenosis decompression that typically requires the
more aggressive use of these power instruments has a slightly higher incidence of dural tears than does endoscopic
decompression for a herniated disc. Most dural tears are small and can be successfully managed with mechanical
compression with Gelfoam and sealants. Two-thirds of patients with incidental dural tears had an entirely uneventful
postoperative course. The remaining one-third of patients may develop a persistent CSF leak, radiculopathy with
dysesthesia, sensory loss, or motor function loss. Patients should be educated preoperatively and reassured.

Level of Evidence: 3.

Minimally Invasive Surgery
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INTRODUCTION

The number of lumbar endoscopic decompression
surgeries is on the rise as the procedure moves more
into the mainstream and is performed not just by
longtime enthusiasts but also by an increasing
number of younger surgeons who can now learn
the procedure in their respective postgraduate
training programs.’? The growing number of endo-
scopic spine surgeries also brings a higher awareness
of the procedure’s complications because those
numbers are on the rise as well.> Although the
overall complication rate with spinal endoscopy is
relatively low and compares favorably when executed
by expert surgeons,® variations in training and skill
level as well as the selection of patients for
increasingly more complex clinical problems may
lead to a disproportionate increase in complications.’

An unexpected dural tear is one of those accepted
complications dreaded by most spine surgeons
because it is technically challenging to manage
through the small working channel of the endo-
scope, given the small size of the skin incision,®’
working area, and the limited number of endoscopic
surgical instruments available to execute a mean-
ingful watertight repair.® That raises the question of
what to do if one encounters a dural tear during a
lumbar endoscopy for herniated disc or stenosis in
the foramen or lateral canal. Is a repair even
necessary, or should the surgery be converted to
open surgery to adequately repair the incidental
durotomy?”!® It quickly becomes apparent that
there are no standardized treatment guidelines for
this dreaded problem and that controversy does
exist in this aspect of endoscopic spine surgery.'’

One might wonder why such a consequential
problem has not been studied more and why there is
such a lack of literature on the subject. As of the
finalizing this article, we could find only 6 articles
that were entirely dedicated to the management of
dural tears encountered during endoscopic spine
surgery.”®11™1% The apparent answer likely lies in
the rarity of the condition, such that it takes 1
surgeon or a group of surgeons nearly a lifetime to
accumulate sufficient numbers to study the factors
that influence the incidence of dural tears during
spinal endoscopy, the risk factors, and their appro-
priate management. Therefore, we have taken a
different approach to studying the problem—a
research method we have applied previously.'>15:16
A French group also used this approach in their
study of currently practiced management of inciden-

tal durotomy during lumbar surgery.” We decided to
pool data from a large number of surgeons via an
online survey application. Our study presents the
clinical results of 93 endoscopic spine surgeons who
worked in various private or academic, single-
specialty, or multispecialty practice settings in 21
countries. These surgeons reported a surgery volume
of 14 150 lumbar endoscopies within the last year.
They encountered 689 endoscopic dural tears during
their entire careers, which ranged from 1-29
years,'’ 2! a time period in which they had performed
a total of 64 470 spinal endoscopies. In this study, we
summarize the findings of our multicenter retrospec-
tive survey study.

MATERIALS AND METHODS

We solicited responses to an online survey (http://
www.typeform.com) we sent to 322 surgeons by
email and via chat groups in social networks
including WhatsApp and WeChat. Surgeons were
asked to answer a variety of clinical questions
regarding dural tears during lumbar endoscopy by
choosing from several responses to multiple-choice
questions. Responding spine surgeons were also
allowed to free-text any information they thought
was relevant. In addition, they were asked to
provide some demographic information about
themselves including their gender, age, country of
residence, practice setting, type, and extent of
postgraduate residency and fellowship training, as
well as endoscopic surgery training (Table 1). To
improve the survey completion rate and to minimize
the impact of geographic bias, the survey questions
were written by our team of authors. The survey ran
from June 22, 2020, to August 20, 2020. We were
blinded to the identity of the responding surgeons at
all times. Upon completion of the survey, the
responses were downloaded in an Excel file format
and imported into the IBM SPSS (version 27; IBM
Corp, Armonk, NY) statistical software package for
further data analysis. Descriptive statistic measures
were used to count responses and calculate the
mean, range, and standard deviation as well as
percentages. The % statistic was used to determine
the strength of association between factors. Missing
responses were included for accurate percentage
calculation and were listed at the top of each data
table. Wherever applicable, a P value of .05 or less
was considered statistically significant, and a
confidence interval of 95% was used for all
statistical tests.
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Table 1. Demographic data of responding spine surgeons.
Valid Cumulative
Frequency Percentage Percentage Percentage

What is your postgraduate training background?
Neurosurgeon 26 28.0 28.0 28.0
Orthopedic surgeon 65 69.9 69.9 97.8
Pain management 1 1.1 1.1 98.9
Missing response 1 1.1 1.1 100.0
Valid total 93 100.0 100.0

What is your training in minimally invasive and endoscopic spine surgery?
Formal MIS fellowship (6-12 mo) 11 11.8 11.8 11.8
Formal MIS fellowship (6-12 mo), mentorship in spinal endoscopy (6-12 mo) 3 32 32 15.1
I am self-taught in MIS 4 43 4.3 19.4
I am self-taught in MIS, I am self-taught in spinal endoscopy 2 2.2 2.2 21.5
I am self-taught in spinal endoscopy 7 7.5 7.5 29.0
I completed MIS or endoscopy workshops 20 21.5 21.5 50.5
I completed MIS or endoscopy workshops, formal MIS fellowship (6-12 mo) 3 32 32 53.8
I prefer not to answer 3 3.2 3.2 57.0
Mentorship in spinal endoscopy (612 mo) 14 15.1 15.1 72.0
Spine-fellowship trained (6-12 mo) 3 3.2 3.2 75.3
Spine-fellowship trained (6-12 mo), formal MIS fellowship (612 mo) 11 11.8 11.8 87.1
Spine-fellowship trained (6-12 months), I completed MIS or endoscopy workshop 12 12.9 12.9 100.0
Total 93 100.0 100.0

What is your practice setting?
Hospital employed 12 12.9 12.9 12.9
Private practice 69 74.2 74.2 87.1
University 12 12.9 12.9 100.0
Valid total 93 100.0 100.0

How many years have you practiced endoscopic spine surgery?
1-5 46 49.5 49.5 49.5
11-15 11 11.8 11.8 61.3
16 or more 10 10.8 10.8 72.0
6-10 26 28.0 28.0 100.0
Valid total 93 100.0 100.0

What is your age?
25-34y 5 5.4 5.4 5.4
3544y 43 46.2 46.2 51.6
45-54y 30 323 323 83.9
55-64y 10 10.8 10.8 94.6
65y or older 5 5.4 5.4 100.0
Valid total 93 100.0 100.0

What is your country of residence?
Argentina 2 2.2 2.2 2.2
Brazil 32 34.4 34.4 36.6
Chile 8 8.6 8.6 452
China 11 11.8 11.8 57.0
Colombia 6 6.5 6.5 63.4
Ecuador 3 32 3.2 66.7
Germany 1 1.1 1.1 67.7
Honduras 1 1.1 1.1 68.8
India 4 4.3 4.3 73.1
Indonesia 2 22 2.2 75.3
Japan 1 1.1 1.1 76.3
Mexico 8 8.6 8.6 84.9
Panama 1 1.1 1.1 86.0
Philippines 4 43 43 90.3
Romania 1 1.1 1.1 91.4
South Korea 1 1.1 1.1 92.5
Taiwan 1 1.1 1.1 93.5
Thailand 2 22 2.2 95.7
United States of America 3 3.2 3.2 98.9
Uruguay 1 1.1 1.1 100.0
Valid total 93 100.0 100.0

RESULTS

A total of 322 spine surgeons accessed the online
survey on the typeform.com Web site; 93 submitted
a valid survey recording. Thus, the completion rate

was 28.9%. The demographics of the responding
surgeons is shown in Table 1. The majority of
responding spine surgeons were residing in Brazil
(34.4%; 32/93) and China (11.8%; 11/93). The
remaining responding spine surgeons were from (in
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descending order) Chile (8.6%; 8/93), Mexico
(8.6%; 8/93), Colombia (6.5%; 6/93), India (4.3%;
4/93), the Philippines (4.3%; 4/93), and other
countries (21.5%).

Of the 93 respondents, 28.0% (26/93) indicated
that they were neurosurgeons, 69.9% (65/93)
designated that they were orthopedic surgeons,
and the remaining respondent (1.1%; 1/93) was a
pain management physician. The vast majority were
male surgeons (95.7%; 89/93). Two respondents
indicated that they were women (2.2%), and
another 2 respondents preferred not to indicate
their gender (2.2%). The majority of surgeons were
from 35-44 years of age (46.2%; 43/93) and from
45-54 years of age (32.3%; 30/93). Regarding
additional training, 39.8% (37/93) of respondents
indicated they had completed a dedicated minimally
invasive spinal surgery (MIS) or endoscopy work-
shop and used it as their primary spinal endoscopy
training resource. Another 30.1% (28/93) had
completed a formal MIS spine fellowship of 6-12
months, whereas 26.9% (25/93) of responding spine
surgeons had found a mentor as a training resource.
Over a quarter of responding spine surgeons
(25.8%; 24/93) were self-taught in MIS (12.9%;
12/93) or endoscopic (12.9%; 12/93) spine surgery.
Three surgeons (3.2%) preferred not to give details
as to their MIS or endoscopy training. When asked
about their practice setting, 72% (67/93) of surgeons
indicated they were in private practice. Another
29% (27/93) worked in a university setting, and
25.8% (24/93) were employed at hospitals. Regard-
ing work experience, 29% (27/93) of responding
surgeons indicated they had been in practice for 11—
15 years. Another 20.4% of surgeons indicated 6-10
and 1-5 years of postgraduate clinical experience.
As an approximate measure of proficiency in
endoscopic spine surgery, we found that nearly half
(49.5%; 46/93) of responding surgeons had been
performing endoscopic spinal surgery for only 1-5
years, followed by a smaller group of spine surgeons
(28%; 26/93) who indicated that their experience
ranged from 6-10 years. Only the remaining 22.6%
of spine surgeons had professional experience with
spinal endoscopy over 10 years, and only 10.8% (10/
93) had 16 years or more of such experience.

Endoscopic spine surgeons reported a case
volume of 14 150 lumbar endoscopies within the
last year. Over their collective career years, they
encountered 689 dural tears during the total of
64 470 spinal endoscopies they had performed.

Most surgeons (75.3%; 70/93) had encountered an
incidental durotomy during routine lumbar endo-
scopic surgery (Table 2). However, only 26.8% (15/
56) had considered the potential risk for a dural tear
as a possible contraindication when selecting
patients for endoscopic decompression surgery.
The majority of endoscopic surgeons (77.4%)
reported negative connotations associated with
incidental durotomy ranging from predictor of poor
clinical outcome, need to stop surgery, need to
convert to open surgery for repair, fear of spinal
headaches, upset patient, fear of cerebrospinal fluid
(CSF) fistula, trouble, complication, and “I hope I
never have it”—just to name the most common
concerns. Most responding surgeons were perform-
ing both the transforaminal (71%; 66/93) and
interlaminar (53.8%; 50/93) approach, and a
minority admitted to using the unilateral biportal
(UBE) technique. Surgeons’ preference was clearly
with the posterolateral transforaminal endoscopy
(35.7%; 20/56) even if they performed other
approaches and methods (Table 3). Approximately
one-third of surgeons admitted to exclusively
performing either interlaminar (28.6%; 16/56) or
transforaminal (28.6%; 16/56) surgery. Only 2 of
the 56 surgeons responding to this question (3.6%)
were exclusively performing the UBE technique.
The vast majority of surgeons reported higher risks
with the interlaminar endoscopy (92.4%; 85/92;
Figure 1) versus 7.8% of surgeons who thought that
posterolateral endoscopy via the transforaminal
approach (Figure 2) was riskier. Actual tears were
reported by 42.4% (39/92 surgeons) with the
interlaminar approach, 37% (34/92) during stenosis
endoscopy, and 20.7% (19/92) with the posterolat-
eral transforaminal surgery.

When confronted with the prospect of an
incidental dural tear during routine lumbar endos-
copy, 44.6% (41/92) of surgeons admitted that they
were not adequately trained and were searching for
more instructional training (Table 4). Hands-on
training for endoscopic dural closure was requested
by 34.8% of respondents. Lack of adequate
endoscopic instrumentation to deal with this chal-
lenging intraoperative complication was indicated
by another 20.7% (19/92) of surgeons. Power burrs
(62%; 57/92) were by far the most commonly used
surgical tool that was involved in the creation of
dural tears during routine lumbar endoscopy at a
statistically significantly higher level in combination
with the interlaminar approach (P < .0001). Other
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Table 2. Frequency of incidental durotomy and decision-making.

1.  Have you encountered an incidental
durotomy during one of your lumbar 75.3% Yes 70 responses

endoscopic spinal surgeries?
(93 of 93 surgeons answered this question)
24.7% MNo 23 responses

2. What is your preferred lumbar

endoscopic decompression technique? 7% Transforaminal 66 responses
(93 of 93 surgeons answered this question)

53.8% Interlaminar 50 responses

7.5% UBE (unilateral biportal) 7 responses

3. When considering a patient for a full-
endoscopic decompression, do you ever 32.1% Never 18 responses
hesitate because of the possibility of a
dural tear?

.89 15
(56 of 93 surgeons answered this question) 26.8% Probably yes TESponses
21.4% Neutral 12 responses
14.3% Probably no 8 responses
5.4% Strongly agree 3 responses
Table 3. Incidental durotomy and full endoscopic approach.
1. Do you prefer posterolateral (foraminal)
or interlaminar (discectomy/stenosis) 35.7% | do both but prefer posterolateral endoscopy 20 responses
endoscopy?
(56 of 93 surgeons answered this question)
28.6% | perform interlaminar endoscopy 16 responses
28.6% | perform posterolateral endoscopy 16 responses
17.9% | do both but prefer interlaminar endoscopy 10 responses
3.6% | perform UBE 2 responses
2. Do you see a higher risk for durotomy in
interlaminar or posterolateral 92.4% | see a higher risk for durctomy during interlaminar endoscopy. 85 responses
endoscopic surgeries?
(92 of 93 surgeons answered this question) 7.6% | see a higher risk for durotomy during posterolateral endosco... 7 responses

3. During which full-endoscopic procedure

have you encountered a dural tear(s)" 42.4% interlaminar endoscopy 39 responses
(92 of 93 surgeons answered this question)

37% stenosis endoscopy 34 responses

20.7% posterolateral endoscopy 19 responses
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Figure 1.
herniated disc at L5/S1 (c, d) with the application of a hooded power burr.

advanced cutting tools, such as reamers (22.8%; 21/
92), trephines (21.7% %; 20/92), and manual facet
burrs (17.4%; 16/92) necessary for foraminal and
lateral recess decompression, were involved in
durotomy cases at nearly equal frequency. The use
of endochisel instruments was associated with the
lowest durotomy rate during lumbar endoscopy
(8.7%: 8/92). The Kerrison rongeur was reported as
the culprit by only 1 surgeon (1.07%; 1/93; Figure
3). Seventy-eight percent (78.3%; 72/92) of surgeons
indicated that they would deal with an incidental
durotomy by applying mechanical compression with
Gelfoam. Application of a blood patch was reported
as useful by only 2 surgeons, who free-texted their
recommendation. Another 12% of surgeons (11/92)
had no contingency plan and did not know what to
do in case of an incidental durotomy during lumbar
endoscopy. Only 7.6% (7/92) of surgeons anticipat-
ed that they would perform a conversion to open
microsurgical decompression and dura repair. An
even smaller proportion of respondents (2.2%; 2/92)

Shown is an exemplary case of (a) an incidental durotomy that the surgeon encountered in the posterior dural during interlaminar endoscopy (b) for a

requested specific endoscopic dura repair tools to
deal with the problem.

Concerning actual reported durotomy numbers,
participating survey surgeons had encountered 689
endoscopic dural tears in some 64 470 spinal
endoscopies to date. This yields an incidence rate
for incidental durotomy with lumbar endoscopy at
1.07%. Suppose one considers surgeons who re-
ported more than 10 durotomies throughout their
career as being outlier surgeons. In that case, it
becomes apparent that 70% (482) of 689 durotomies
recorded in this study were accounted for by 20.4%
(19) of the 93 surgeons who participated in this
retrospective survey study. The adjusted durotomy
rate if one were to exclude these outlier surgeons
would be 0.32. Of these 19 surgeons, 10 had fewer
than 5 years of clinical experience with endoscopy,
and the remaining 9 surgeons had more than 15 and
up to 29 years of endoscopy experience.

Surgeons also reported that incidental duroto-
mies were encountered significantly more often at a
higher rate during endoscopic stenosis decompres-
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Figure 2. An exemplary case of an incidental durotomy is shown. (a) The tear was in the anterior dural sac during transforaminal endoscopy (b) for foraminal and
lateral recess stenosis at L3-L4 with the application of a trephine. (c) A transected rootlet was removed from the decompression site. (d) The dural defect was created

in the traversing nerve root.

sion (54.8%; 51/93; P < .0001), rather than during
lumbar endoscopy performed for herniated disc
(44.1%; 41/93). Medium-sized dural tears (1-10
mm) were the most common type of durotomy that
occurred during lumbar endoscopic surgery (52.2%;
48/93). A small pinhole durotomy (less than 1 mm)
was the second most common type (46.7%; 43/93).
Only 1 surgeon reported having 1 patient with a
large dural tear (greater than 1 cm). Rootlet
herniations were seen by 46.2% (43/93) of respond-
ing surgeons. The posterior dural sac was the most
common location for dural tears during an inter-
laminar approach (57%; 53/93). Traversing nerve-
root injuries were most the second most common
location of durotomy (31.2%; 29/93). Anterior
dural sac (23.7%; 22/93) and exiting nerve-root
injuries (10.8%; 10/93) were less common. Over half
of the surgeons did not attempt any repair or
closure (52.2%; 47/90). Forty percent (36/90) used
sealants. Only 7.8% (7/90) of surgeons attempted an
endoscopic repair or sutures (11.1%; 10/90). Du-
ralSeal was the most commonly used brand of

commercially available sealant (42.7%; 35/82).
However, other sealants such as Tisseal (15.9%;
13/82), Evicel (2.4%; 2/82), and no-brand sealants
(38; 32/82) were also used.

Postoperative management used by responding
surgeons appeared less controversial. Of responding
surgeons, 48.3% (43/89) recommended 48 hours of
bed rest. Another 40.4% (36/89) of surgeons
reported recommending less than 24 hours of bed
rest. The long-term outcome was reported as
unaffected by the majority of participating surgeons
(64%; 57/89). Only 18% of surgeons reported that
they had seen the development of a postoperative
CSF fistula (18%;16/89) with an incidental durot-
omy following lumbar endoscopy. However, when
extrapolating total numbers of problem cases with
CSF fistulas reported in this study from the entire
patient base of 64 470 lumbar endoscopic surgeries,
the absolute incidence of CSF fistulas was only
0.025% (16/64 470). Severe radiculopathy with
dysesthesia was reported by 12.4% (11/89) of
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Table 4. Management of durotomy during full lumbar endoscopy.

1. Which of the following do you expect to
lower the risk of a dural tear and/or help
you be prepared for it?

(92 of 93 surgeons answered this question)

44.6%
34.8%
20.7%

2. What is your preferred endoscopic
foraminoplasty tool?
(92 of 93 surgeons answered this question)
22.8%

21.7% Trephine

17.4% Manual facet burr

12% Facet burr

8.7% Endo chisel

3. How do you plan to manage an incidental

more education and instruction

hands-on training for endoscopic dural closure

special endoscopic instrumantation for dural closure

62% Power burr

Reamer

41 responses

32 responses

19 responses

57 responses

21 responses

20 responses

16 responses

11 responses

8 responses

dural tear encountered during endoscopic 78.3% Perform endoscopic mechanical compression (using Gelfoam...72 responses

spinal decompression?

(92 of 93 surgeons answered this question) 12% | don't have a contingency plan 11 responises
76% Convert to Open or Microsurgery for the dura-repair 7 responses

2.2% Try to do repair dura by a specific tool

0% Ask colleagues to help

2 responses

0 responses

surgeons, sensory loss by 3.4% (3/89), and motor
weakness by 2.2% (2/89).

DISCUSSION

This retrospective study of 64 470 lumbar endos-
copies done by 93 surgeons in various private or
academic, single-specialty, or multispecialty practice
settings in 21 countries determined that 689 dural
tears were encountered incidentally during lumbar
spinal endoscopy. Therefore, the incidence of such
durotomies was 1.07%. The experience of the
responding surgeons varied quite a bit, with nearly
half of surgeons (49.5%; 46/93) reporting profes-
sional experience with endoscopy for only 1-5 years
versus smaller groups of expert spine surgeons
reporting they had performed the procedure for
over 10 and over 15 years (22.6% and 10.8%,
respectively). This limited experience could certainly
explain the discrepancy between the incidence of
dural tears found in this study (1.07%) and the

much lower incidence recently reported by an
extensive study of 1839 lumbar spinal endoscopy
patients conducted over 9 years with a durotomy
incidence of 0.1% (2/1839 patients)—a rate differ-
ence by 1 magnitude.* Other authors® from another
endoscopic spine surgery center also reported the
incidence of durotomy with the transforaminal
endoscopic decompression well below 1%-—namely,
0.4%. These differences in the incidence numbers
also corroborate the concept that clinical outcomes
with the lumbar spinal endoscopy are highly
dependent on patient selection and surgeons’ skill
levels with the different endoscopic approaches they
choose to use. With the increasing traction of the
minimally invasive lumbar endoscopic surgery with
patients and surgeons, a much larger number of
operations are now being done by a larger
percentage of practitioners with substantially less
clinical experience and proficiency. Moreover, the
interlaminar and UBE endoscopic decompression
procedures conceptually resemble translaminar
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Figure 3. An exemplary case of an incidental durotomy is shown. (a) The tear caused a rootlet herniation and had occurred with (b) the use of the Kerrison rongeur
during foraminoplasty by inadvertently “biting” the traversing nerve root. (c) It measured approximately 10 mm in length, and (d) the herniated rootlets were reduced

before placing a Gelfoam patch.

open or microsurgical lumbar surgeries, only with
the use of an irrigated videoendoscopic spine system
through small incisions and a working channel
rather than with an operating microscope or loupes
through open or mini-open incisions or through
tubular retractor exposures. Hence, one would
expect the reported higher rate of durotomies with
interlaminar*®**** and UBE'? techniques because
the more fragile posterior dural sac® is easily
violated from the translaminar approach, particu-
larly when power tools are involved.*?

Incidental durotomy was recently evaluated by
analyzing data on some 64 431 patients from
Sweden’s National Quality Registry for Spine
Surgery (SWESPINE) who underwent open lumbar
surgery for lumbar disc herniation (LDH), lumbar
spinal stenosis (LSS) without or with concomitant
degenerative spondylolisthesis (DS)."° These au-
thors found an overall incidence for durotomy of
5%. For the LDH, LSS, and DS subgroups,
incidence of durotomy was 2.8%, 6.5%, and
6.5%, respectively. The authors of the SWESPINE

study also found that laminectomy was associated
with a higher incidence of incidental durotomy than
discectomy was (P < .001). Additional confounding
factors were previous spine surgery and increasing
age (P < .001)."” Our retrospective survey study
results are more representative of real-world sce-
narios wherein patients and endoscopic spine
surgeons can expect incidental durotomies to occur
at a more realistic average rate of 1% or even
higher, yet similar to those incidence rates reported
with open surgery of 5% when the novice surgeons
are just starting with the endoscopic decompression.
Our analysis showed that 70% (482/689) of all dural
tears were reported by surgeons with fewer than 5
years or more than 15 years of experience. The
higher durotomy numbers in the latter group of
surgeons can be explained by their extensive
endoscopic spine practice with thousands of cases
spanning many years. The novice-surgeon group
likely has a higher durotomy rate due to inexperi-
ence or lack of proficiency.
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Table 5. Characteristics and repair of durotomy during full lumbar endoscopy.

1. What was the surgical indication in your

. 4.8%
durotomy patients? el
(93 of 93 surgeons answered this question)
44.1%
2. What was the size of the typical lumbar
durotomy? 52.2%
(92 of 93 surgeons answered this question)
46.7%
1.1%
3. What was the predominant location of the
o
dural tear? 57%
(93 of 93 surgeons answered this question)
31.2%
23.7%
10.8%
4. Was there a rootlet herniation?
(93 of 93 surgeons answered this question) 46.2%
53.8%
5. How did you repair the durotomy?
(90 of 93 surgeons answered this question) 52.2%
40%
13.3%
M.1%
7.8%
1.1%
6.  What sealant did you use? i
(82 of 93 surgeons answered this question) 42.7%
39%
15.9%
2.4%

Endoscopic stenosis decompression

Endoscopic herniated discectomy

medium size - Tmm to 1 cm

small pin hole - less than 1 mm

large tear - greater than 1 cm

posterior dural sac

traversing nerve root

anterior dural sac

exiting nerve root

Yes

No

No attempted closure

Sealants

Conversion to open repair

Sutures

Endoscopic repair

Call someone else to help manage the situation.

DuraSeal™

Other

Tissee|™

Evicel™

51 responses

41 responses

48 responses

43 responses

1 response

53 responses

29 responses

22 responses

10 responses

43 responses

50 responses

47 responses

36 responses

12 responses

10 responses

7 responses

1 response

35 responses

32 responses

13 responses

2 responses

As with any new technology, formalized post-
graduate training lags. This postgraduate training
gap was also reflected in the responses given by
participating surgeons regarding endoscopic spe-
cialty training. Whereas 30.1% had completed a
formal MIS spine fellowship of 6—12 months, 39.8%
of surgeons indicated that they received their spinal

endoscopy training in a short weekend workshop.
Another 26.9% had found a mentor as a training
resource. Nevertheless, over a quarter (25.8%) of
responding spine surgeons were self-taught, which
highlights the fact that many of the younger
surgeons—46.2% of respondents were between the
ages 35 and 44 years—had to figure out by
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Table 6. Postoperative management of durotomy and clinical outcomes.

1. What about bed rest?
(89 of 93 surgeons answered this question) 48.3%

40.4%
1.2%

2. Was the patient admitted to the hospital? .
(92 of 93 surgeons answered this question) 67.4%

32.6%

3. Ifapplicable, what was the primary

purpose of the hospital admission?
(79 of 93 surgeons answered this question)

69.6%
17.7%
12.7%

4. What was the clinical consequence of the

dural tear? Gl
(89 of 93 surgeons answered this question)

18%
12.4%
3.4%
2.2%
0%

0%

48 hour bed rest

24 hour bed rest

No bed rest

Yes

No

bed rest and observation

pain control

management of neurological deterioration

No sequela or complication

CSF fistula

Severe radiculopathy/dysethesia

Sensory loss

Motor weakness

Infection

43 responses

36 responses

10 responses

62 responses

30 responses

55 responses

14 responses

10 responses

57 responses

16 responses

11 responses

3 responses

2 responses

0 responses

Other medical complication; i.e. DVT, pneumaonia

0 responses

themselves how to manage intraoperative compli-
cations with the spinal endoscopy surgery. Some
44.6% of surgeons had no contingency plan and
were looking for more training on managing this
complication.

One of the most convincing findings of this study
relates to the rising surgical case volume done with
endoscopic minimally invasive techniques. Some
14 150 of the 64 470 captured by our team of
authors were done within the last year. Whereas we
had no way of determining a trend, it was apparent
that the case volume by younger surgeons coming
online is substantially increasing because 22% of the
entire case volume was done just within the last year
(as of the date of terminating the survey). Trans-
foraminal endoscopic decompression surgery was
the favorite among spine surgeons, with 71%
indicating that they use it routinely. The interlam-

inar approach was used by surgeons at a lower rate,
with surgeons reporting that they used it in 53.8%
of their patients. Yet, it was associated with a higher
rate of durotomies (44.6% versus 37%). UBE was
of low relevance in this study but has been
associated with dural tears as well. We were
surprised by the high percentage of spine surgeons
(75.3%) who have had a dural tear. Many of us who
authored this article are very experienced, key
opinion leaders. We have performed the procedure
well over 10 years and are accustomed to an
incidence of dural tears well below 1%. For
example, the first author’s (K.-U.L.) endoscopic
spinal surgery career spans 14 years, and he has had
only 2 dural tears. The senior author’s (A.T.Y.)
career spanned over 29 years, and he had only 4
dural tears from 1998 until his retirement in 2019.
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A factor contributing to the increased rate of
durotomies during lumbar endoscopy that is less
obvious than the increasing case volume and
younger, less experienced surgeons relates to the
substantial technological advances that have made
their way into the operating room within the last 10
years. Many of them are miniaturized versions of
power drills and burrs that have been adopted for
use through the long and narrow inner working
channels of contemporary lumbar foraminoscopes.
Designs range from hooded to open drill bits and
burrs used during the foraminoplasty and shavers
that are particularly useful during the decompres-
sion’s discectomy portion. Rigid power instruments
are complemented by an array of designs with
flexible and steerable tips that may pose additional
risks for unrecognized durotomy because they may
reach beyond the visual field of view provided by the
endoscope. It was no surprise to us that surgeons
reported power burrs (62%) as by far the most
common surgical tool involved in creating dural
tears. Other advanced cutting tools, such as reamers
(22.8%), trephines (21.7%), and manual facet burrs
(17.4%) necessary for foraminal and lateral recess
decompression were also involved in durotomy
cases but at a much lower frequency. The use of
endochisel instruments was associated with the
lowest durotomy rate (8.7%). As expected, stenosis
decompression (54.8%) rather than endoscopic
discectomy (46.7%) was associated with a higher
rate of durotomies because it involved more
aggressive use of these mechanical power tools.
Higher risks with the interlaminar endoscopy were
reported by 92.4% of spine surgeons. Accordingly,
durotomy incidence was higher with the interlam-
inar (42.4%) than with the transforaminal approach
37%. Mechanical compression with a sealant was
preferred by 78.3% of surgeons. Application of a
blood batch seemingly was considered by most
surgeons an outdated concept. Only 2 surgeons
reported it as being useful. Conversion to open
surgery to repair the dural tear was deemed
necessary by only 7.6% of respondents. Large dural
tears with lumbar endoscopy were uncommon.
Small tears of less than 1 mm (46.7%) and tears
under 10 mm (52.2%) were the most common.

The postoperative management of incidental
durotomies encountered during routine lumbar
endoscopic surgery can be summarized as straight-
forward. On the basis of the collective data from 93
surgeons, it is evident that aggressive intraoperative

management is not necessary. Most durotomies are
very small, and only half of them involve a rootlet
herniation. The latter often aid in sealing the dural
defect, for which reason we assumed that CSF
fistulas and persistent leaks would be uncommon.
The long-term outcome was reported as unaffected
by the majority of participating surgeons (64%; 57/
89). Only 18% of surgeons reported a postoperative
incidence of CSF fistula, a 12.4% incidence of severe
radiculopathy with dysesthesia, a 3.4% incidence of
sensory loss, and a 2.2% incidence of motor.
However, the true incidence of dysesthesia in
patients with durotomies is unknown and was more
likely due to dorsal root ganglion irritation. Most
patients’ tears were successfully managed with an
application of a sealant and a short period of 2448
hours of postoperative bed rest. Spinal headaches
are often feared by spinal surgeons as an annoying
sensation to patients that could prompt readmis-
sion, particularly if the surgery is done in an
outpatient ambulatory surgery center setting. There-
fore, we recommend including the discussion of
dural tears in the preoperative teaching process as
much as postoperative nerve root irritations, which
are by far more common.

The same bias limitations plagued this study as
any other retrospective and survey study. Our
response rate of 28.9% is on par with previously
reported online surveys. The average response rates
for an in-person survey has been reported at 57%,
mail survey at 50%, email survey at 30%, online
survey at 29%, telephone survey at 18%, and an in-
app survey at 13%, rendering an overall average
survey response rate of 33%.°*** Responses were
blinded, and we had no information about the
identity of the responding spine surgeons, limiting
the impact of intuition and hindsight bias among
the investigators. The effect of nonresponse bias due
to the low response rate may have improved survey
accuracy and was of no concern to our team of
authors because low response rates in the 20%
range have been related to more-accurate measure-
ments more than surveys with a 60%—70% response
rate because the missing data are not random.*’
Additional limitations may have arisen from geo-
graphic bias in that the digital communication used
in this survey study could have obliterated existing
geographic diversity and various cultural perspec-
tives of responding to spine surgeons. We assumed a
negligible impact of geographic bias factors because
statistical testing did not show any effect of
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geographic or cultural factors in the collected data.
Instead, we were cautious not to generalize this
retrospective survey’s findings in the context of our
preconceived notions of endoscopic dural tears to
counter the homogenizing effect of the digital data
acquisition across multiple geographical and cultur-
al boundaries. Hindsight and recall bias by the
responding surgeons may have been the most
relevant limitations of this study because the
information presented herein was not based on a
patient registry but on the surgeons’ ability to recall
patient-specific details surrounding durotomies and
to resist the influence of clinical outcome knowledge
that is anchored in reconstructive memory (hind-
sight bias).** We recognized that their personal
experience with dural tears during lumbar endosco-
py was quite different and acknowledged the
genuinely alternative insights from other surgeons.
A 1% incidence of incidental dural tears is higher
than they were accustomed to (0.1%) and is likely
more realistic.

CONCLUSIONS

There are a few solid take-home points from this
retrospective survey study among busy endoscopic
spine surgeons. The incidence of dural tears with
lumbar endoscopy was about 1%. It was higher
than previously reported, was highly associated with
the use of power drills and burrs, and was more
common with the interlaminar than the transfor-
aminal approach. Stenosis decompression that
typically requires the more aggressive use of these
power instruments had a slightly higher incidence of
dural tears than endoscopic decompression for a
herniated disc. Most dural tears were small and
could be successfully managed with mechanical
compression with Gelfoam and sealants. Two-thirds
of endoscopic spine surgeons reported an entirely
uneventful postoperative course in their patients
after an incidental dural tear. The remaining one-
third of surgeons had seen problems directly related
to durotomy in their patients’ postoperative course
but at a low overall incidence including persistent
CSF leak via a fistula (0.025%), severe radiculop-
athy with dysesthesias (12.4%), sensory loss (3.4%),
and motor function (2.2%) loss. Considering that
CSF leaks and dysesthesias are ultimately either
adequately managed or self-limiting, the overall
negative effect of incidental durotomy is less
consequential as viewed by most surgeons who
responded to this survey. However, it should not be

trivialized. Every surgeon should have a contingen-
cy plan in place to have the team in the operating
room be prepared to adequately manage this rare
complication. Patients should be educated preoper-
atively and reassured after satisfactory management
of durotomy if it occurred during surgery.
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