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BACKGROUND: Minimally invasive spine surgeries (MISS) are currently used for a wide
variety of intradural spinal pathologies. Although MISS techniques have brought great
benefits, primary dural closure can prove a challenge due to the narrow corridor of the
tubular retractor systems.
OBJECTIVE: To present the surgical technique we developed for dural closure using an
extracorporeal knot that is simple and reproducible.
METHODS:Wedescribe the use of an extracorporeal knot for primary dural closure inMISS
surgeries using standard instrumental. We illustrate this operative technique with figures
and its application in a surgical case with images and demonstration video2.
RESULTS: Using our surgical technique, a watertight dural closure with separated knots
was performed without specific instruments.
CONCLUSION: The use of extracorporeal knots facilitates primary dural closure in MISS
surgeries.
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M inimally invasive spine surgery (MISS)
has been used increasingly in the
last few years for a wide variety of

intradural spinal pathologies, including menin-
giomas, schwannomas, dural arteriovenous
malformations, and anchored medulla.1-7
Several benefits have been associated with MISS
techniques, such as minimum blood loss, short
hospital stay, rapid return to work and low rate
of complication.8-12 Nevertheless, primary dural
closure can be challenging due to the narrow
corridor of the tubular retractor systems. We
present the surgical technique we developed for
dural closure using an extracorporeal knot that
is easy and reproducible.

METHODS

Through an illustrative case, we describe an
effective and reproducible method for the primary
dural closure in MISS surgeries, using standard instru-
mental and extracorporeal knots. Patient consent was
obtained.

ABBREVIATIONS: MRI, magnetic resonance
imaging;MISS,minimally invasive spine surgery

To the best of our knowledge, there are no publi-
cations on the use of these kinds of knots in MISS
surgeries. Additionally, we present Figures and Videos
to show the technique.

Illustrative Case
A 32-yr-old man presented with gait disturbance

and leg weakness. Upon examination we found
paraparesis, hyperreflexia, and proprioception distur-
bances. Cervicothoracic magnetic resonance imaging
(MRI) showed an intradural cystic lesion in the
anterior cord at C7-T2, with an extramedullary
component in its superior pole and an intramedullary
in its inferior one. The cyst had a similar signal
to the cerebrospinal fluid, with a small contrast
enhancement. It produced a cord compression from
its anterior surface. According to the MRI report, this
image corresponded to an intra and extramedullary
neuroenteric cyst (Figure 1A). After explaining the
risks of the procedure to the patient, we performed
a minimally invasive cystic fenestration through a
posterior approach.

The patient was in a prone position, under general
anesthesia. Both shoulders were retracted to allow
better visualization of the cervical spine. An incision
was made at 1.5 cm from the middle line, in the
right side, at the level of C7. We opened the fascia
and put the successive tubular dilators over the C7
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FIGURE 1. Illustrative Case. A, Cervicothoracic MRI showed an intradural cystic lesion in the anterior cord at C7-T2 with an extramedullary component
in its superior pole and an intramedular in its inferior one. B, Intraoperative image showing the cystic lesion C, Watertight dural closure with 5 separated
stitches done with extracorporeal knots. D, Postoperative MRI showing the correct cyst fenestration.

right hemilamina, confirming its location through radioscopy. We used
a 26 mm diameter x 11 cm longitude tube. Then, under micro-
scopic magnification, muscle, and other soft tissue were resected using
electroscalpel and pituitary forceps. Thus, the C7 and D1 (partially)
hemilamina were exposed. With a high-speed drill and 2 and 3 mm
Kerrison rongeurs, we performed a complete C7 hemilaminectomy.
Later, we tilted the tube in the contralateral direction (we could have
also titled the stretcher in the same direction) for a better exposure
of the opposite side. We drilled the spinous base and moved forward
“translamina” to the contralateral side preserving the flavum ligament,
which helps protect the dura during the bone resection. After the
flavectomy was done, the dorsal surface of the dura was exposed. The
dura was opened using an 11 scalpel, the opening was completed using
angulated dissectors, tracing them longitudinally and in opposite direc-
tions. The spinal cord was exposed, and through its right side we moved
forward to the anterior surface, retracting it with extreme caution. The
cyst was observed and fenestrated (Figure 1B). Part of its wall and content
was sent for its anatomopathologic study.

Finally, we performed the dural closure with 5-0 Prolene Monofil-
ament Suture with separated stitches (Figure 1C). The standard instru-
ments were a bayonet forceps and a needle-holder.

We performed an extracorporeal knot outside the tube (under direct
vision), modifying the previously described Roeder’s technique,13 and we
slid it carefully tracing both threads of the suture alternatively. Finally, the
knot was tightened by contra-traction (see description of the knot below).
We repeated this maneuver in 5 stitches and achieved a watertight dural

closure (Figure 1C). Fascia was closed with separated stitches. Cellular
subcutaneous tissue and skin were closed as usual. There were no drains.
Patient was discharged within 48 h, with no changes in the neurological
examination and with no evidence of CSF leakage. Post-op MRI showed
a correct cyst fenestration (Figure 1D). We attach an illustrative video
presenting the surgical case (Video 1).

Currently, 1 yr after surgery, patient follow-up shows neurological
improvement and no signs of CSF leakage. Anatomopathology reported
a neuroenteric cyst.

VIDEO 1. Surgical case video.
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VIDEO 2. Extracorporeal knot technique.

Primary dural closure may be a challenge in MISS surgeries. Both
the narrow corridor and surgical field reduce the opportunity to manip-
ulate the suture. The implementation of extracorporeal knots reduced
the maneuvers and allowed a watertight dural closure.

Extracorporeal Knot - Technical Note
We use the technique of extracorporeal suture instructed at the

Simulation Center of Minimally Invasive Surgery at Garrahan Hospital
(Dra Marcela Bailez. Hands-On Course at “CeSim” Simulation Center.
Buenos Aires, Argentina.March, 2018). The extracorporeal knot consists
of a consecutive series of semi knots and turns that give the knot
maximum resistance. Usually, a knot-pusher is used for its slide. The
modified technique using standard instruments is a very helpful strategy
so as not to depend on specific instruments.

Although it is a simple technique, the details are essential for its
speed and effectiveness. We suggest studying and practicing it outside
the patient prior to its clinical application. These details are:

1) Cutting the thread to an adequate length so as to freely perform the
knot away from the surgical field.

2) Taking care of the tissue in order to prevent its damage (avoid
excessive traction).

3) Performing the first simple knot, with care not to cross it (Figure
2A).

4) With both threads slightly separated and tensed, making three turns
with the right thread over the superior/anterior surface of the threads
(Figure 2B).

5) Performing a fourth turn only over the superior/anterior surface of
the caudal thread (Figure 2C).

6) Carrying out the slide in a parallel direction, softly resting the slide
instrumental on the knot, always taking care not to cut the suture.
The modification we introduce to this technique consists of tracing
both threads in an alternating way, achieving a correct slide of the
knot (Figure 2D-2F). The features of the suture also facilitate the
technique (Prolene 5.0).

7) Finally, a counter-traction of the caudal thread is done to complete
the adjustment of the knot, which can be carried out with a bayonet
forceps (Figure 2G).

We attach a demonstration video which shows how to perform the
extracorporeal knot (Video 2).

DISCUSSION

MISS surgeries were initially indicated for discectomy and
decompression of lumbar spine stenosis. Nevertheless, the appli-
cation of MISS has been widened for the treatment of more
complex spinal pathologies.14 Many reports have shown its effec-
tiveness and advantages in intradural tumor resection.5,15
Yu et al16 have evaluated intradural extramedullary tumor

MISS resection. They have concluded that MISS techniques
allow less surgical time, less intraoperative blood loss, greater
preservation of the anatomy, and a lower rate of postoper-
ative deformity when compared to traditional open laminectomy.
However, watertight dural closure in MISS techniques can be
challenging due to the narrow surgical corridor through the
tubular retractors. The impossibility of achieving a watertight
dural closure can increase the rate of headache, nausea and
vomiting in the immediate post-op17-19 and worse complica-
tions such as CSF leakage, pseudomeningocele, wound infection,
meningitis, and even intracranial bleeding.20-22
Different methods for the dural closure in MISS techniques

have been published, most of which have been based on the
use of specific instruments. Fessler et al23 propose a continuous
primary dural closure with specific instruments (Scanlan R©, Saint
Paul, Minnesota) and a small nylon 4-0 conic needle, which has
shown excellent results. O’Toole et al24,25 support this minimally
invasive dural repair kit in different reports. Chou et al26 have
reported a technique using a micro pituitary rongeur as a needle-
holder, in addition to a laparoscopic knot-pusher widely used
in arthroscopy. They have attached a video which shows the
knot-pusher being used repeatedly for a single stitch. Other
alternative methods have been used for dural closure, such as
biosynthetic sealers. However, this might not be useful when
a great dural opening has been made. Other reports suggest
the use of a titanium clip and a U-clip R© device for dural
closure (Medtronic, Dublin, Ireland).5,27 The advantage of these
methods is that they do not require knots. O’Toole et al25 have
described a few disadvantages in these methods, arguing that
spinal surgeons are not familiarized with the use of these clips,
that the presence of the clips might intervene with MRI interpre-
tation and, most of all, that their effectiveness has not yet been
proven.
In this technical note, we modify the previously described

Roeder’s knot13 for dural closure with separated stitches in MISS.
This knot was described in 1918 mainly for use in pediatric
amygdalectomy, and nowadays it is widely used in laparo-
scopic surgeries.28 In the illustrative case, the MRI suggested
an intradural-extramedullary neuroenteric cyst localized anterior
to the spinal cord, so it was decided to fenestrate it with
minimally invasive spinal surgery. We have recently published
a case report and a review of the literature where we highlight
that subtotal resection (aspiration, marsupialization or cistosub-
arachnoid shunt) has demonstrated clinical improvement in the
short and long term in some of the patients.29 In our case,
we performed 5 extracorporeal knots in a reduced surgical field
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FIGURE 2. Schematic representation of the extracorporeal knot. A, First simple knot. B, Three turns performed with the right thread through the superior/anterior
surface of both threads. C, Fourth turn only upon the superior/anterior surface of the caudal thread. D-F, Alternating traction of both threads and slide of the knot.
G, Counter-traction of the caudal thread.

using a 5-0 prolene suture with standard instrumental. Separated
stitches were proven to be equally effective as a continuous
suture.30

In the published reports, 5 to 8 cm longitude tubes tend to
be used.12,24 Our case presented greater complexity, in particular
because we worked with a 11 cm longitude tube. This length
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reduces the possibility of angulating and rotating the instru-
mental.
To the best of our knowledge, there are no published reports

on these kinds of knots in minimally invasive surgeries, and we
found that they have an easy slide through the tubular corridor
and can achieve a watertight dural closure regardless of the instru-
mental used. Common knots require several descents to secure the
stitch, which increases suture maneuvering and therefore the risk
of release. This can be avoided with the modified extracorporeal
knot we have described.

CONCLUSION

Extracorporeal knots can ease primary dural closure. These
knots are done outside the tube and are easy to slide, which
reduces the required maneuvers. We recommend its application
regardless of the instruments used. It is important to know that
this knot can be used not only in MISS but also in durotomies
along narrow corridors and challenging surgical fields, where
maneuvers are limited by the difficulty ofmanipulating the instru-
ments and the importance of watertight dural closure can prevent
postoperative complications. Further studies can validate and
demonstrate its use in other surgical procedures.
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