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Abstract

spinal fusion.

Fusion of the anterior column with placement of interbody fusion cages is commonly employed in the treatment of
instability-related degenerative disc disease that has been proven refractory in non-operative treatment. Interbody
fusion cages aid in the containment of bone graft, promotion of more reliable fusion, and restoration of
neuroforaminal height. The VariLift® Interbody Fusion System (VariLift® system) has been developed as a stand-
alone solution to address subsidence and migration problems seen with traditional lumbar interbody fusion cages
that require posterior supplemental transpedicular screw fixation for improved stability. This series of 24 consecutive
patients describes patient selection criteria and the technical aspects of this novel endoscopic transforaminal lumbar
interbody fusion technique in a step-by-step fashion. The transforaminal endoscopically assisted interbody fusion
with the standalone expandable VariLift® system represents a simplified alternative to other pedicle screw-based

Keywords: B omechan cs eng neer ng; Endoscop ¢ ntervent ona
surgery; Interbody fus on

Introduction

M nma y nvas ve percutaneous umbar decompress on and fus on

procedures usng sma tubuar or baded retractor systems have
become commonpace n the treatment of nstab ty re ated,
symptomat ¢ d sc degeneraton n patents who have fa ed non
operat ve care. These procedures have resu ted n drast ca y reduced
hosp ta zat on stays w th a ower rate of med ca comp cat ons [1,2].
Add t ona advantages ncude ower bood oss, ess postoperatve
pan, ower anx ety eves, and mproved mob ty [3]. The mp cat on
s that use of surg ca procedures that do not requ re extens ve musc e
str pp ng, or aggress ve resect on of the umbar poster or e ements, are
assoc ated wth a ower ncdence of per and possby ong term
postoperat ve prob ems [4,5].

M n ma y nvas ve reconstruct ve anter or co umn procedures w th
p acement of nterbody fus on cages a ow stab zat on of the d seased
umbar spna moton segment, wh e preservng neuroforam na
he ght and promot ng bony ngrowth [6]. Interbody fuson wth
convent ona non expandabe cages typca y requres endp ate
decort cat on, mpact on of the mpant nto the nterspace, and
poster or supp ementa fixat on w th ped c e screws to avo d m grat on
or subs dence of the cage and oss of ordos s [7 9]. The add t ona use
of pedce screw nstrumentaton ceary ncreases operatve tme,
b ood oss, and has been assoc ated w th h gher comp cat on rates due
to ntraoperat ve nerve root njury, damage to the adjacent facet jo nt
comp ex [10,11], and propagat on of symptomat c adjacent segment
d sease [12].

The percutaneous endoscop ¢ transforam na decompress on and
fus on procedure descrbed n ths surgca techn que gude takes

advantage of proven benefits of mnma musce dssecton and
mnma spna nstrumentat on. It emp oys an expandab e nterbody
fus on system (VarLft L) desgned as a stand a one expandab e
fuson devce. The devce mantans umbar ordoss and res sts
subs dence and m grat on. Its arge chamber prov des amp e room for
bone graft and the w de fenestrat ons a ow rad ograph c assessment of
postoperat ve sp na fus on progresson. Ths ow profie devce s
dea y su ted for endoscop ca y ass sted transforam na mp antat on
as t ne ther requ res mpact on, nor aggress ve decort cat on of the
endp ates. After foram nop asty, the threaded dev ce can be p aced
percutaneous y over a gu de w re nto the ntervertebra d sc space. It s
eas y advanced by turn ng t c ockw se and retr eved by turn ng t
counterc ockw se wth so d purchase to the endp ates over a arge
contact area w thout v o at ng the endp ates. Inn situ expans on nduced

gamentotax s of the rema n ng annu us fibrosus renders the mot on
segment nstanty b omechan ca y stab e at the t me of mp antat on
w thout the need for any supp ementa fixat on.

The Var L ft L mp ant has been emp oyed dur ng PLIF and TLIF
wth ether two sma er cages dur ng PLIF [13 15], or one arger
ob quey p aced cage dur ng TLIF [15]. The percutaneous endoscop ¢
transforam na mp antat on s made feas b e by more advanced sp na
endoscopes and decompress on toos such as reamers, treph nes,
motor zed shavers, osteotomes, and rongeurs. These nstruments
afford better v deoendoscop ¢ vsua zat on and t ssue d ssect on, as
we as more effect ve decompress on maneuvers that were h therto not
poss be. Surg ca nd cat ons w th sp na endoscopy have broadened,
therefore, and are no onger mted to hern ated d sc. Ths surg ca
techn que gu de prov des a descr pt on of the steps requ red to perform
a stand a one percutaneous endoscop ca y ass sted transforam na

nterbody fus on surgery.

J Sp ne, an open access journa
ISSN: 2165 7939

Page 1 of 8

Vo ume 7 o Issue 2 « 1000409

MEDTRONIC EXHIBIT 1062



Citation:

Lewandrowski KU (2018) Surgical Technique of Endoscopic Transforaminal Decompression and Fusion with a Threaded Expandable

Interbody Fusion Cage and A Report of 24 Cases. J Spine 7: 409. do :10.4172/2165 7939.1000409

Page 2 of 8

Patients and Selection Criteria

In 2007, the Center for Advanced Sp ne Care of Southern Ar zona
estab shed an outpat ent sp na surgery program for the treatment of
umbar hern ated d sc and sp na stenoss. Wth the advancement of
v deoendoscop ¢ equ pment, bony decompress on became more
feas b e broaden ng the ndcaton to treat spna stenoss. These
advancements prov ded the foundat on for the deve opment of a fu
endoscop ¢ decompress on procedure popu ar zed by Ruetten et a.,
wh ch essent a y s a comb nat on of the postero atera transforam na
and the drect poster or nteram nar access to the umbar
neuroforamen and atera recess a ow ng comb ned decompress on of
neura e ements poster or y and anter or y [16 19]. The comb nat on of
these advanced percutaneous decompress on techn ques wth an
expandab e threaded nterbody fuson devce a owed further
expanson of the ndcaton of the outpatent percutaneous
transforam na procedure to treat nstab ty nduced symptoms of
degenerated d sc d sease that have proven refractory to non operat ve

treatment the ma n nd cat on for th s procedure. Pat ent ncus on
cr ter a are:
1. Cnca sgns of umbar radcuopathy, dysesthesas, and

decreased motor funct on;

2. Imagng evdence of foramna or atera recess stenoss
demonstrated on preoperat ve magnet ¢ resonance mages (MRI)
and computed tomography (CT) scans;

3. GradeIspondy o sthess;

Unsuccessfu  non operat ve treatment, ncudng physca
therapy and transforam na ep dura stero d nject ons for at east
12 weeks; and

5. Anageof 35 85 years.

Patents consdered not sutabe for the transforam na
endoscop ca y ass sted ntervertebra fus on procedure were strat fied
accord ng to the fo ow ng exc us on cr ter a:

1.  Segmenta nstab ty w th greater than Grade I spondy o sthes s
or trans at ona mot on of greater than 8 mm on preoperat ve
extens on flex on rad ographs;

Severe centra stenos s ( ess than 100 mm?) [20];

Extens ve facet arthropathy;

Infect on; and

Aol o

Metastat c d sease.

A patents n th s consecut ve case ser es of 24 pat ents (14 fema es
and 10 ma es) prov ded nformed consent.

Step-by-Step Surgical Techniques

The surgca procedure emp oys the endoscop ¢ transforam na
approach us ng the “outs de n” techn que, n wh ch the work ng
sheath s paced nto the ower porton of the neuroforamen, thus,
retract ng and avo d ng the ex t ng nerve root. No part of the cannu a
tp or the endoscope s postoned n the dsc space. The surg ca
techn que, or gna y popu ar zed by Hoog and and Schubert et a .,
[21,22] empoys an expans e foramnopasty n patents wth
foram na and atera stenos s.

Procedures are performed n prone poston under genera
anesthesa wth adjunctve use of oca anesthesa usng 0.25%
bupvacane n a patents. In some nstances, where access to the
L5/S1 neuroforamen sd flicutduetoah ghrdng um, patents can
be postoned n the atera decub tus poston. Techn ques to define

the sk n entry po nt and the surg ca trajectory have been descr bed
e sewhere [23 30]. Entry po nts are genera y atera y at 7 9 cm at the
L3/L4 eve, 8 10 cm at the L4/L5 eve, and 10 12 cm at the L5/S1 eve .
The targeted neuroforamen s accessed as fo ows:

Step 1: Needle placement

An 18 G (150 mm n ength) need e s nserted nto the safe zone of
Kamb n’s tr ang e bordered by the travers ng nerve root med a vy, the
ex t ng nerve root atera y, and the ower adjacent pedce dsta y
[27,28]. Idea v, the target ng need e was p aced on the atera vew nto
the ower porton of the neuroforamen or nto the dsc. On the
anter or poster or vew, the neede tp shoud be at the meda
nterped cuar ne. A stee gu de w re was then nserted and the 18 G
sp na need e was removed.

Step 2: Placement of working cannula

D ators, dr s, and treph nes of ncreas ng d ameters were used for
foram na decompress on procedures. Add t ona cannu ated reamers
measur ng 7 mm and 9 mm n d ameter ntended to be used over a
gu de w re w thout the protect ve work ng cannu a were ava ab e but
rare y used to further m n m ze r sk of dysesthes a of the ex t ng nerve
root and rr tat on of ts dorsa root gang on (F gure 1).

Figure 1: Pre operat ve ax a (a), and sag tta (b) MRI scan of an 80

year o d fema e pat ent w th spondy o sthes s at L4/L5 and atera

recess and foram na stenos s (Case I). A transforam na work ng
cannu a was p aced at the atera recess as shown n the atera (c),
and n the anter or poster or (a) project on.

At th s po nt, the ntegr ty of the ntervertebra d sc t ssue s tested
by attempt ng to advance a p tutary rongeur nto the presumaby
ho ow dsc space (Fgure 2). Once confirmed fluoroscop ca vy, the
vert ca he ght restorat on nterbody fus on procedure can commence
as descr bed n the fo ow ng.

Step 3: Foraminoplasty and SAP resection

Endoscop ¢ osteotomes, motor zed dr s, Kerr son rongeurs, and
percutaneous treph nes were emp oyed through the nner 4.1 mm
nner work ng channe of the sp na endoscope for the foram nop asty,
wh ch was done v a remova of bone from the hypertroph ed super or
and nfer or art cu ar process (F gure 3).
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Figure 2: (a) Transforam na decompresson wth a spna
endoscope. (b) Intraoperat ve prob ng of the ntervertebra dsc
show ngavo d d sc space.

Figure 3: (a) Anter or poster or fluoroscopy v ew of a padd e shaver
p aced percutaneous y through the transforam na approach nto
the ntervertebra dsc space to decort cate the endp ates. (b)
P acement of threaded tap to prepare nserton of the threaded
fus on cage. (c) Transforam na decompress on of the super or
art cu ar process of the umbar facet jont to gan access to the
atera recess usng a dr . (d) Comp eted decompress on of the
ex t ng nerve root and preparat on of the ntervertebra space ready
for nsert on of the threaded Var L ft° L mp ant.

The ent re super or art cuar process (SAP) was resected start ng
rostra to dsta va osteotomy and detached from the superomed a
pedce wa . Endoscopc dr s, osteotomes, and rongeurs were
dep oyed ns de the nner work ng channe of the endoscope to essen
the r sk of dysesthes a and rr tat on of the ex t ng nerve root and ts
dorsa root gang on. In other words, the ent re decompress on was
performed under cont nuous d rect v deoendoscop ¢ v sua zat on and
no part of the decompress on procedure was done percutaneous y w th
fluoroscop ¢ mag ng on y. Loca bone graft harvested dur ng th s part
of the procedure shou d be co ected and saved for the nterbody fus on
(see be ow).

Step 4: Partial pediculectomy

The foram nop asty was expanded by chang ng the trajectory of the
nstruments to a m for nfer or ped c e. The super omed a ped c e wa
of the d sta ped ce was parta y resected. Th's s often necessary to
prepare the ntrotus for the expandabe cage to promote para e
a gnment of the mp ant w th the vertebra nterspace and to avo d
rostra m grat on of the cage nsert on po nt nto the ax a between the
extng and traversng nerve root. The cortca bone of the
superomeda pedce wa s typca y denser than the bone of the
super or r ng apophys s and shou d, therefore, be part a y resected for
para e access and to prevent the mp ant from cutt ng preferenta y
nto the super or endp ate. Decompress on be ow the travers ng nerve
root can be comp eted by dr ng down the nfer or r ng apophys s
and any centra d sc bu ge be ow the travers ng nerve root, fnecessary.
In case of concom tant hern ated d sc, extruded d sc matera can
eas y be removed us ng forceps and p tu tary rongeurs and conta ned
hern at ons can be decompressed through a sma annuar w ndow.
Ep dura beedng can be contro ed wth a rad ofrequency probe

(E man® E man Internat ona LLC, USA) under sa ne rr gat on.

Step 5: Discectomy and interspace preparation

An annu otomy s performed to access the ntervertebra d sc space.
Padd e shavers are used to remove d sc t ssue and to decort cate the
endp ates (F gure 3). Care shou d be taken to not v o ate the endp ates
through the subchondra bone to mnmze mpant subs dence.
Therefore, padde shavers and other nstruments used for the
d scectomy shoud be ned up para e to the endp ate. P tutary
rongeurs can be used to remove dsc tssue through the centra
work ng channe of the sp na endoscope. The ent re d sc space can be
debr ded by advanc ng or w thdraw ng the endoscope and by mov ng
t from poster ory to anter or by rasng ones hand. Rotat ng the
endoscope’s 20° atera v ew opt casoa ows d rect v sua zat on of the
endp ates dur ng the decort cat on and d scectomy maneuvers.

Step 6: Sizing and taping

The Var L ft L nterbody fus on system comes w th many nterbody
shavers and tap ng s zers. They start at 10 mm to 14 mm w th the fina
expanded outer d ameter typ ca y beng one mm arger than ts
start ng s ze pr or to the expans on maneuver. The s z ng taps have a
con ca des gn to ease nsert on nto the nterspace. The outer d ameter
s4 mm sma er at the t p than at the end of the mp ant’s body. Under
fluoroscop ¢ gu dance, the s z ng tap s nserted nto the ntervertebra
d sc space by turn ng t c ockw se. The dea start ng pont s wthn
Kamb n’s safe zone between the med a and atera ped ce wa n the
ax a p ane. The postero atera nsert on trajectory n the axa pane s
typ ca y between 40 to 60 degrees of the m d sag tta vert ca p umb

ne but essent a y d ctated by the pat ent’s vert ca a gnment of the
ntervertebra dscs n reaton to the ac crest. Attent on shou d be
pa d to excess ve y h gh access ang es n pat ents w th advanced vert ca
spna co apse and sacra zat on of the L5 vertebra body where the
access can be obstructed nfer or y by a arge sacra a ar and atera y by
a hypertroph c arthr t ¢ facet jo nt (see L5/S1 fus on pear s). The s z ng
tap shou d be snug and a good fit can eas y be assessed by attempt ng
to e ther remove the tap or mov ng t s de to s de. After fina szng s
accomp shed, the tap can eas y be removed by turnng t
counterc ockw se (F gure 3).
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Step 7: Bone grafting

Loca bone graft shou d be nserted va the work ng s eeve of the
sp na endoscope or through ts nner work ng channe under d rect
v sua zat on. Abundant bone graft shou d be dep oyed and mpacted
nto the per phery of the nterspace n a crcumferenta manner
eav ng the centra area wthout bone graft to accommodate the
Var L ft* L cage. Th s can be assured by nsert ng the ast padd e shaver
once more and rotat ng t severa t mes. The bone graft ng can a so be
done under v deoendoscop ¢ contro .

Step 8: Cage insertion and expansion

The cage can be nserted wth ts cannu ated nserter devce vaa
ntno gude wre that was prevousy paced nto the nterspace
through the centra work ng channe of the sp na endoscope.

l«
‘

Figure 4: Intraoperat ve endoscop ca y ass sted d rect v sua zat on
of the endp ate preparat on (a), and the ntervertebra d sc space
(b). The prevousy cut threads are cut nto the decort cated
endp ates. The VarLft L mpant s nserted va a ntno gude
wre ob quey nto the m dport on of the ntervertebra d sc space
as shown here n the anteroposter or (¢ and e), and the atera (d
and f) fluoroscop ¢ project on.

Figure 5: Intraoperat ve v ew of the percutaneous nsert on of the
VarLft L mpant mounted on the nserter. The VarLft L
mp ant s expanded by turn ng the center expans on set screw
cockw se va the nserter’s centra work ng channe (a). Fu
expans on s ach eved once the center expans on set screw s t ght.
(b) Bone graft, n th s case dem nera zed a ograft bone matr x, can
be nserted through the same nner work ng channe of the nserter
wth use of a funne and push rod system. The bone graft s
extruded through the atera fenestrat ons of the Var L ft L mp ant
nto the ntervertebra d sc space.

Once the Var L ft L nterbody fus on cage s engaged n between
the two adjacent endp ates, t can be nserted nto the nterspace by
turn ng the nserter c ockw se unt the mp ant reaches ts des red
md ne poston n the anter or poster or as we as n the atera
fluoroscop ¢ vew (Fgure 4). The mpant shoud be sufficenty
recessed by approx matey 3 mm be ow the annuus. The centra
expans on screw s then dr ven forward by turn ng t c ockw se w th ts
dr ver be ng nserted through the cannu ated cage nserter (F gure 5).

Once max mum expans on s reached, add t ona bone graft can be
nserted through the centra chamber of the VarL ft L cage and
extruded nto the nterspace v athe atera fenestrat ons of the mp ant
(F gure 5b). The end cap s then paced and t ghtened before the
Var L ft L cage s detached and w thdrawn through the percutaneous
postero atera nc s on (F gure 6).

Figure 6: Intraoperat ve fluoroscop ¢ v ew of fina mp ant pos t on

n the anteroposter or (a), and atera (b) p an. The atera recess s
decompressed. The probe can be passed around the L5 ped c e (c).
The vew through the spna endoscope above the expanded
VarLft L mpant s fi ed wth bone graft. The recessed mp ant
and ts reatonshp to the travers ng and extng nerve root s
drecty vsua zed wth the spna endoscope, d) endoscop c
v sua zat on of the p aced Var L ft L mp ant nc ud ng the endcap
wh ch s des gned to conta n the bone graft.

Step 9: L5/S1 Fusion pearls

Transforam na access to the L5/S1 eve for Var L ft L nterbody
fus on s typ ca y no d fferent n pr nc p e but can be more d flicut f
the access s obstructed ether by a arge sacra aar, or a arge
hypertroph ¢ L5/S1 facet jo nt. Sacra zat on of the L5 vertebra body,
orahghrdng accrest, or the comb nat on of the two factors may
a so d ctate trajector es that are d flicu t to ne up para e to the L5/s1
nterspace. Typ ca y, extensve bony resect on of the obstruct ng
port ons of the sacra aar, and/or the L5/S1 facet jo nt comp ex are
requred. Care must be taken to stay above the ntertransverse
membrane to mnm ze b eed ng that can otherw se be d fficut to
contro. Ahghrdng um can typ ca y be deat w th by p ac ng the
skn ncson hgher and more postero atera y. Th s author does not
advocate for trans ac approach to the L5/S1 moton segment.
Preoperat ve p ann ng shou d focus on measur ng the transforam na
approach trajector es to the L5/S1 neuroforamen both n the axa and
corona p ane. A ternate approaches for L5/S1 nterbody fus on shou d
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be chosen f the attack ang es are greater than 60 degrees n any of the
two p anes.

These procedura steps typ ca ya ow d ssect on and decompress on
of the travers ng and ex t ng nerve roots w thout overt retract on of the
dorsa root gang on, thereby ncreasng the voumetr ¢ sze and
reestab sh ng the ax a and the tr angu ar safe zone between both
roots and the nfer or ped ce pror to preparat on of the nterspace
w th the s z ng taps and nsert on of the mp ant tse f. The procedura
steps of the percutaneous transforam na endoscop ¢ decompress on
and fus on are summar zed nv deo 1.

Case Examples

Of the 24 consecut ve patents that underwent the endoscop ¢
VARLIF procedure, 5 ustrat ve cases are descr bed n the fo ow ng.

Casel

An 80 year o d fema e pat ent was treated for foram na and atera
recess stenos s at L4/L5 after hav ng fa ed support ve non operat ve,
and ntervent ona care wth phys ca therapy, NSAIDs and ep dura
sterod njectons (ESI) wth transforam na  endoscop ¢
decompress on  procedures nvovng a foram nopasty and
m crod scectomy. Durng the decompresson procedure the
ntervertebra d sc was found to be vo d of any t ssue and thus ho ow
cons stent w th preoperat ve MRI Pfirrmann Grade VT stag ng. Pat ent
dd we for about sx months postoperat vey but then deve oped
recurrent rad cuar and mechanca ow back pan symptoms
ns d ous y. U t mate y, her wa k ng endurance was reduced to s m ar
d stance as to pror the transforam na decompress on procedure,
wh ch prompted re mag ng w th MRI and p a n fi m stud es as we as
support ve and ntervent ona care measures. At ths pont,
rad ograph ¢ mag ng stud es showed Grade I spondy o sthes s and
progress ve vert ca d sc co apse and recurrent foram na and atera
recess stenos s w thout d sc extrus on and sequestrat on. The pat ent
ut mate y opted for surg ca treatment. Pat ent underwent a vert ca
he ght restorat on procedure w th transforam na ob que mp antat on
of a snge threaded 12 mm @ VarLft L nterbody fus on dev ce
p aced n the center of the d sc space. Loca bone graft obta ned dur ng
the foram nop asty was mxed wth dem nera zed a ograft bone
matr x. The bone graft was p aced nto the ntervertebra d sc space
pror to cage nsert on. Add t ona bone graft was p aced through the
center chamber of the mp ant and then extruded nto the nterspace
va ts atera fenestratons. Intraoperat ve expanson of the dev ce
resuted n an overa foramna heght ncrease from 9 mm
preoperat vey to 23 mm postoperat ve y. The pat ent’s v sua ana og
sca e (VAS) was reduced from 7.8 preoperat ve y to 2.6 postoperat ve y
and wakng endurance quadruped. Patent reached opod
ndependence w th n two weeks after surgery. Imag ng ava ab e up to
s x months postoperat ve y showed no s gns of mp ant m grat on,
subs dence, or expuson nto the neuroforamen. The ntervertebra
he ght rema ned unchanged.

Case Il

A 62 year o d fema e was treated for symptomat c adjacent segment
d sease at L4/L5 fo ow ng an L5/S1 TLIF some 10 years pr or. The
patent deve oped spondy o sthess wth assocated symptomat c
neurogen ¢ c aud cat on w th rad cu opathy, and decreased wa k ng
endurance. Patent opted for the VarLft L nterbody fuson
procedure after fa ed non operat ve care to avo d engthy and pa nfu

postoperat ve recovery and hosp ta zat on assoc ated w th another
TLIF operaton nvovng supp ementa poster or pedce screw
nstrumentat on at the adjacent eve . The atter cou d be avo ded as the
surgery was done n an outpat ent surgery settng. Usng sm ar
surg ca mp antat on and graft ng techn ques as n case I the pat ent
rece ved a snge threaded 12 mm @ VarLft L nterbody fus on
dev ce. The overa foram na he ght ncrease was 11 mm from 9 mm
preoperat ve y to 20 mm postoperat ve y. The pat ent’s VAS score was
reduced from 6.9 preoperat ve y to 2.1 postoperat ve y. Pat ent requ red
postoperat ve narcot ¢ pan med cat on for five days. Postoperat ve
mag ng stud es ava ab e up to four months postoperat ve y showed no
s gns of mp ant pos t on w th ma nta ned neuroforam na he ght.

Case I1I

A 39yearod femae was treated for L4/L5 sthmc
spondy o sthes s that became symptomat ¢ after TLIF at the L3/L4
eve done for Grade II spondy o sthes s some two years pr or. She had
short term re ef of mechan ca back and L4 rad cu ar pa n and soon
thereafter presented w th new onset of L5 rad cu ar pa n that was first
treated wth non operat ve and ntervent ona care measures. The
patent aso rece ved narcotc pan med caton from a oca pan
management ¢ n c. D ssat sfied w th the s de effects of op o ds and her
nab ty to return to work she opted for reconstruct ve fus on surgery
at the L4/L5 eve wth the Var L ft L mp ant. Fo ow ng mp antat on
ofa 12 mm @ VarL ft L, the neuroforam na he ght mproved from
14 mm preoperat vey to 24 mm postoperat vey. The pat ent’s VAS
score was reduced from 6.9 pre operatvey to 2.1 postoperat vey.
Postoperat ve©. . magng studes ava abe up to four months
postoperat ve y showed no s gns of mp ant pos t on w th ma nta ned
neuroforam na he ght.

CaselV

A 69 year od mae patent deveoped recurrent caud caton
symptoms wthn a year after prevous L4 S1 decompress on and
ntervent ona neurectomy procedures. Pat ent was treated wth a
L4/L5 11 mm @ Var L ft L vert ca he ght restorat on procedure w th
oca bone and dem nera zed a ograft after hav ng fa ed support ve
non operat ve, and ntervent ona care w th phys ca therapy, NSAIDs,
and ep dura sterod njectons (ESI) resutng n overa foram na
he ght ncrease from 11 mm preoperat ve y to 19 mm postoperat ve y
as measured on postoperat ve atera umbar rad ographs. The pat ent’s
sequent a preoperat ve pan fim mag ng stud es showed progress ve
oss of ntervertebra he ght and spondy o sthess. Another umbar
MRI scan ead ng up to the Var L ft L surgery showed Pfirrmann
stage V changes suggest ve of advanced degenerat ve changes of the
ntervertebra dsc matera. Durng the decompresson and
ntervertebra dsc preparaton porton of the procedure the
ntervertebra space was found to be vo d of any t ssue and comp ete y
ho ow from the annu ar entry po nt across the vertebra footpr nt to
the oppos te annu us. The pat ent’s VAS score was reduced from 7.1
preoperat vey to 3.6 postoperat vey and wa k ng endurance tr p ed.
He reached opod ndependence wthn five days after surgery.
Postoperat ve rad ograph ¢ surve ance fo ow up stud es ava ab e up
to four months postoperat ve y showed no s gns of mp ant m grat on,
subs dence, or expuson nto the neuroforamen. The ntervertebra
he ght rema ned unchanged.
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CaseV

A 71 year o d fema e pat ent w th post am nectomy syndrome was
treated wth VarLft L surgery for foramna and atera recess
stenos s assoc ated wth facet arthropathy and spondy o sthess at
L4/L5 after hav ng fa ed support ve non operat ve and ntervent ona
care w th phys ca therapy, NSAIDs, and ep dura sterod nject ons
(ESI). Preoperat ve MRI mag ng showed Pfirrmann Grade VT at the
L4/L5 eve. Her wa k ng endurance was reduced due to neurogen c
caud cat on. The vertca heght restoraton accomp shed wth
transforam na ob que mp antat on of a s ng e threaded 12 mm @
Var L ft L nterbody fuson devce produced an overa foram na
he ght ncrease from 10 mm preoperat ve y to 19 mm postoperat ve y.
The pat ent’s VAS score was reduced from 6.7 preoperat vey to 3.1
postoperat ve y and wa k ng endurance tr p ed. She reached opod
ndependence w th n four days from surgery. Imag ng ava ab e up to
five months postoperat ve y showed no mp ant re ated prob ems. The
ntervertebra he ght rema ned unchanged.

Tips, Pearls, Learning Curve, and Complications

There were no mmed ate postoperat ve comp cat ons, superfic a
wound or deep nfect ons, or readm ss ons to a hosp ta fo ow ng the
endoscop ca y ass sted transforam na Var L ft L surgery. There were
no ntraoperat ve prob ems that prompted convers on to open surgery
or aborton of the Var L ft L surgery. A pat ents were sent home
from the recovery room. No pat ent Postoperat ve pa n contro was
acheved wth ora anagescs. Incsona pan was mnma n a
patents and no patent requred readmsson to a hospta for
postoperat ve pan contro. However, dysethetc eg pan due to
postoperat ve dorsa root gang on rr tat on of the ex t ng nerve root
dur ng mp antat on was common and occurred n 14 of the 24
pat ents. They were treated w th support ve care measures nc ud ng
tranforam na ep dura stero d nject ons wh ch et to abatement of
symptoms w thn ess than 4 weeks. Imp antat on m grat on d d not
occur n any of the 24 pat ents dur ng the ava ab e fo ow up of up to
one year. However, m n ma cage subs dence ( ess than 3 mm oss of
he ght) occurred 7 of the 24 pat ents. These pat ents d d not requ re
any add t ona treatments. Comp ete L4/L5 cage subs dence occurred
n one pat ent w th osteoporos s. Th s pat ent was rev sed 3 months
postop wth an open decompress on nstrumented fuson surgery,
wh ch et to reso ut on of her recurrent symptoms. Another pat ent was
treated wth a repeat transforam na decompress on procedure 6
months postop from the Var L ft° L surgery to dea w th subs dence
nduced recurrent foram na stenoss. Ths patent aso dd we wth
the fo ow up surgery.

As a resut of a earn ng curve of a case ser es of 24 pat ents, the
fo ow ng t ps and pear s appear mportant to note. F rst, a generous
foram nop asty wth comp ete resecton of the superor artcuar
process shou d be performed to mob ze the sp na mot on segment
and fac tate the ntroduct on of the mp ant. A parta ped cu ectomy
and resect on of obstruct ng osteophytes of the r ng appophys s may
ad n that. Second, endp ate spar ng decort cat on n preparat on of
the nterbody fuson s crtca to avod excess ve subs dence of the
mp ant. Osteoporos s may exacerbate th s prob em. Padd e shavers
used dur ng the decort cat on maneuvers shou d rest on the oppos te
r ng appophys s when rotated to avo d breach ng the subchondra bone
of the endp ate. The nfer or endp ate s more suscept b e to njury than
the super or endp ate dur ng these maneuvers. Th rd, max m z ng
ntervertebra he ght scrtca toad n nd rect decompress on of the
foramen and atera recess oppos te from the access s de. Under s z ng

the mp ant may contr bute to recurrent symptoms and shoud be
avo ded.

Discussion and Conclusion

Th s surg ca techn que gu de shows that t s feasb e to perform a
percutaneous endoscop ca y ass sted transforam na decompress on
and fuson surgery wth the expandabe standaone VarLft L
nterbody fus on system. Th's surgery s made possbe by recent
advances n v deoendoscop ¢ nstrumentat on a ow ng for aggress ve
bony decompress on and resect on maneuvers. Steps requred to
prepare the Var L ft L reconstruct on of a d seased mot on segment
ncude foram nop asty wth resecton of atera overhang of a
hypertroph ¢ facet jo nt, osteotomy of the rostra y m grated SAP
compress ng the ex t ng nerve root n tsax a, parta ped cu ectomy,
and resect on of osteophytes of the r ng apophys s to ease the entry of
the con ca t p of the cy ndr ca threaded cage.

The padd e shavers a ow for easy d stract on, mob zat on, and
remova of d sc t ssue dur ng the d scectomy, and endp ate preparat on
dur ng the outpat ent transforam na umbar decompress on surgery.
Ths s partcuary true n pat ents who have advanced degenerat ve
dsc dsease wth ho ow ntervertebra dsc space. Th's d stract on
maneuver fac tates the ndrect decompresson by ncreasng
neuroforam na he ght and by m n m z ng the necessary retract on of
the travers ng and ex t ng nerve roots requ red to nsert the cy ndr ca
cage nto the nterspace. Preparat on of the cage nserton ste s
fac tated by the extens e transforam na bony decompress on of the
foram na and atera recess stenos s, wh ch has been made feas b e by
the advanced endoscopes and decompress on too s deve oped w th n
the ast five years such as reamers, treph nes, motor zed shavers,
osteotomes, and rongeurs. These nstruments afford better
v deoendoscop ¢ v sua zaton, tssue dssecton, as we as more
effect ve decompress on maneuvers that were h therto not poss b e.
Surg ca nd cat ons w th sp na endoscopy, therefore, have broadened
and are no onger m ted to hern ated d sc. One examp e of th s trend
s the deve opment of more speca zed onger or shorter sp na
endoscopes w th arger centra work ng channes n var ous ova or
round configurat ons rang ng from 4.1 to 6.9 mm (or arger) nner
work ng channe d ameter spec fica y des gned for the transforam na
or drect poster or nter am nar approach, a ong wth more robust
optca, rrgaton, and suct on systems that can to erate the abuse
caused dur ng debr dement by hammer ng, v brat on, and v gorous
repet t ve h gh turnover c ean ng and ster zat on cyces. In add t on,
the maneuver ng of the spna endoscope n the ep dura space
(outs de n techn que) [31] rather than ns de the ntervertebra d sc
(ns de out techn que) [23 26] durng the bony decompresson
procedure can cause ep dura b eed ng. The atter s better hand ed by
modern and contemporary endoscopes that are more user fr end y and
can be ta ored to nd v dua surgeon requ rements w th var ous opt ca
v ew ng ang es. Expanded surg ca nd cat ons have been demonstrated
n prevous terature for patents wth advanced degeneratve d sc
d sease and assoc ated atera recess and foram na stenoss due to
advanced nstab ty nduced degeneratve changes of ntervertebra
d sc and of the facet jo nt comp ex. However, no current terature was
found demonstrat ng the mp antat on of an expandab e cy ndr ca
threaded nterbody fus on cage dur ng endoscop ¢ transforam na
decompress on procedure.

The mportance of preoperatve pannng of transforam na
endoscop ca y asssted nterbody fuson s equa y mportant for
remova of hern ated d scs. Th s has been stressed by Lee et a. who
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suggested a c ass ficat on based on the ocaton of a m grated d sc
fragment [32]. Other rad ograph c c ass ficat on systems a d ng n the
preoperat ve dec s on mak ng found to corre ate w th ¢ n ca outcomes
have been pub shed [32 35]. Wth respect to the expandab e stand

aone Var L ft L nterbody fus on system understand ng of the sp na

anatomy obstruct ng access to the ntervertebra d sc space t scrtca

to se ect su tab e pat ents. A pre operat ve CT scan as we as a bone
densty scan may ad n better patent seecton and preoperat ve
p ann ng. In compar son to other atera XLIF procedures,a eves of
the umbar sp ne can theoretca y be treated surgca y wth the
Var L ft L. Obv ousy, there s a earn ng curve to th s procedure, and
the novce surgeon shoud consder aternatve nterbody fuson
procedures f the pat ent’s reconstruct ve prob em s outs de hersor h s
comfort zone. A though the Var L ft L surgery cou d be comp eted n
a of the 24 pat ents and none had to be converted to an open surgery,
t s conce vab e that the Var L ft L surgery cannot be comp eted from
the transforam na approach. In those cases, the same mp ant cou d
theoretca y st be used n a poster or umbar nterbody fuson
surgery w thout pedce screws. However, the advantage of the
transforam na approach wou d be ost.
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