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Abstract

Purpose To review the literature on the use of extreme

lateral interbody fusion (XLIF) in adult spinal deformity, to

discuss on its limits and advantages and to propose a guide

to surgical strategy.

Methods Surgical technique XLIF is a minimally inva-

sive surgery (MIS) technique to anteriorly access the spine

from midthoracic to L5. Important aspects of the technique

are a muscle splitting approach through the psoas, use of

advanced neuromonitoring to detect the lumbar plexus

within the psoas, bilateral annulus release and large foot-

print interbody cages, supported by the stronger bone of

ring apophyses. Large, laterally inserted cages provide

strong correction of coronally asymmetrical disc spaces.

Literature review MEDLINE database, the Web using

Google Scholar and proceedings of the Society for Lateral

Access Surgery meetings were searched for relevant arti-

cles on technique, results and complications.

Results XLIF with posterior percutaneous pedicle screw

instrumentation provides 40–75 % correction of coronal

curves, with modest increase of lordosis. Only anterior

XLIF can provide less correction. Self-limited thigh

symptoms are frequent after transpsoas access. Permanent

neural deficit and visceral complications have also been

reported. Combined XLIF–MIS could have a lower com-

plication compared to open circumferential surgery in

historical series.

Conclusions XLIF is a promising MIS option for adult

deformity. Specific surgical strategies are needed to avoid

imbalance and define ideal fusion levels and methods.

An XLIF-based MIS strategy with a reduced number of

levels of lumbar scoliosis can lead to significant advanta-

ges. Evaluation of the incidence, complications, their

avoidance and real impact on patients’ outcomes is nec-

essary to better understand the advantages of this approach.

Studies comparing effectiveness and safety of traditional

versus XLIF approaches are needed to assist evidence-

based decision making.

Keywords Adult scoliosis � Sagittal balance �
Lateral interbody fusion � XLIF �
Minimally invasive surgery

Introduction

Adult and elderly scoliosis surgery is an expanding field in

spinal surgery. A higher expectation of life and pain-free

functioning during aging have caused a steep increase in

the number of candidates for deformity correction in the

adult and elderly years of life. In the last decade, impres-

sive effort has been made to increase the knowledge on this

field. It has been demonstrated that this extensive surgery,

previously considered to have poor balance between risk

and outcomes, causes dramatic increases in health-related

quality of life [1, 2]. The relative impact of curve magnitude,

coronal imbalance and sagittal imbalance on outcomes has

been well established [3–5]. Modern instrumentations now

permit obtaining satisfactory stability in bone of poor

quality. Normative values for spinal balance parameters [6,

7], harmony between those parameters [8] and outcomes

research on the contribution of correction of some of these

parameters to final clinical results now permit creating a

preoperative surgical planning that reliably produces good

results [9–14].

P. Berjano � C. Lamartina (&)

IRCCS Istituto Ortopedico Galeazzi, Via Riccardo Galeazzi 4,

20161 Milan, MI, Italy

e-mail: c.lamartina@chirurgiavertebrale.net

123

Eur Spine J (2013) 22 (Suppl 2):S242–S253

DOI 10.1007/s00586-012-2426-5



Still, adult deformity surgery remains extremely chal-

lenging. The current systems of clinical classification,

though scientifically constructed and predictive of likeli-

hood of undergoing surgery [15], are of little help regard-

ing the choice of surgical strategy. As opposed to

adolescent idiopathic scoliosis, adult deformity is fre-

quently associated with neural entrapment, segmental

instability, previous fractures, sagittal imbalance and

painful disc disease. Comorbidity is the rule rather than the

exception in this group of patients. Curves are frequently

rigid and bone stock can be poor, compromising the sta-

bility of fixation. Surgical indication is frequently given to

elderly patients who cannot always tolerate extensive sur-

gery, and rules that take into account the extent of surgery

and risks of complications versus limited surgery and risks

of decompensation or imbalance have not been established.

Complications are frequent during and after surgery for

adult deformity, and their frequency differs depending on

the age group considered. One large study [1] found a

major complication and overall complication incidence of

6 and 17 % in the group 25–44 years of age, 15 and 42 %

in patients 45–64 years of age and of 29 and 71 % in

patients older than 65 years (again, complications are the

rule rather than the exception). Older patients may need

more frequently complex procedures (decompression,

osteotomy and pelvic fixation). Interestingly, the same

study found that at baseline, older patients had higher

levels of disability and worse health status, but had

improved, more than in the younger, back disability score

and leg pain score. In this group there was a trend toward

greater improvement in general health and back pain. After

surgery, mean pain, function and health status scores were

the same in younger and older patients.

More rigid and severe deformities can need a combined

posterior and anterior approach or only posterior three-

column reconstruction to obtain release of the deformity,

correction, stability and anterior column support. Circum-

ferential surgery has recently demonstrated to be an

independent predictor of favorable outcome in adult

deformity [1].

Extreme lateral interbody fusion (XLIF) [16] is a novel

technique developed to provide a safe and reproducible

method to obtain minimally invasive anterior spinal fusion.

It has been demonstrated as safe in elderly patients,

including octogenarians, and, in this age group, has com-

pared favorably to open TLIF historical controls for com-

plication rates, blood loss and transfusion rates, hospital

stay and 6 months postoperative survival [17].

The scope of this paper is to review the literature on the

use of lateral approach interbody fusion for surgical cor-

rection of adult spinal deformity, to discuss its limits and

advantages and to propose a guide to the use of this novel

approach in adult deformity surgery.

Methods

Surgical technique

XLIF is a minimally invasive technique that approaches the

spine through a 90� lateral pathway. It is a true anterior

retroperitoneal (or, in higher levels, transdiaphragmatic,

retropleural or transthoracic) access to the spine from the

thoracic (T5 is the upper level that can be usually

approached) to L5. In the lumbar spine, the working

channel passes through the psoas muscle. Important aspects

of the technique [18] are a muscle splitting approach with

progressive dilators to create a working channel through

the psoas that uses neuromonitoring of the motor compo-

nent of the lumbar plexus within the psoas, which is

directional and provides real-time feedback on the position

and relative distance of the nerve roots in the field, bilateral

annulus release prior to implant delivery, and the avail-

ability of specific retractors and large footprint interbody

cages. Such cages are designed to support the strong ring

apophysis of the vertebral endplate. The lumbar plexus

covers laterally the posterior part of the vertebrae and

discs; its position is posterior at L1–L2 to displace pro-

gressively anteriorly toward L4–L5. Thus, the risk of

encountering branches of the lumbar plexus in the lateral

pathway to the spine is higher at lower levels, making

necessary nerve root detection tools. Considerations on the

plexus anatomy related to the lateral approach have been

previously published [19–21]. Innervation of the abdomi-

nal wall related to lateral approach has also been described

as an aid to prevent abdominal wall palsy after lateral

approach [22]. Detailed description of the technique has

been previously published [18].

Anatomical and surgical technique details on adult

deformity have also been described by Mundis et al. [23].

Bilateral annulus release combined with lateral insertion

of wide cages in coronally asymmetric (scoliotic) discs

provides a strong corrective force to segmentally restore

coronal alignment. Further coronal correction in discs

surrounded by asymmetrical vertebral bodies can be

achieved by the use of coronally asymmetrical cages.

Transpsoas lateral interbody fusion causes minimal blood

loss and allows for early patient mobilization [24, 25]. The

ability of this technique to correct endplate asymmetry

virtually bloodlessly and with little tissue trauma has made

some surgeons to consider it as a promising technique to

correct scoliosis in older patients.

Literature review

Literature review was undertaken using the National Cen-

ter for Biotechnology Information (NCBI) databases Pub-

Med/MEDLINE. Additional publications published in
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peer-reviewed, non indexed journals were sought using

http://www.scholar.google.com. The following keywords

were used: XLIF, extreme lateral interbody, direct lateral

interbody, transpsoas fusion, transpsoas interbody, defor-

mity, scoliosis, kyphosis, imbalance, balance, sagittal,

coronal, adult. Additional information was gathered from

the proceedings of the Society for Lateral Access Surgery

(SOLAS).

Results

Effectiveness and complications of XLIF in adult

deformity

Akbarnia et al. [26] (Table 1) reported on a series of 16

patients treated with XLIF plus posterior instrumentation

for scoliosis of more than 30�Cobb, with a minimum 2-year

follow-up. Anterior surgery corrected 45 % of the coronal

deformity, and after supplemental posterior instrumenta-

tion correction reached 64 %. They found also an average

13� improvement of segmental sagittal deformity. Clinical

outcome measurements improved from preoperative to

final follow-up (VAS 6.5–2.5; ODI 60–24; SRS-22

2.6–3.8). Half of the patients presented postoperative

anterior thigh pain (all transient). Hypo or dysesthesia was

observed in 56 % and permanently in 12 %. Weakness was

present in 19 %, all transient.

Tormenti et al. [27] observed two motor deficits (one

permanent) and six sensory deficits (5 permanent) in a

series of eight patients treated with multilevel XLIF plus

posterior instrumentation. Other complications included

one bowel perforation, one infection progressing to men-

ingitis and sepsis, one pulmonary embolism and one dural

tear (in the posterior approach).

Dakwar et al. [28] in a series of 25 patients, most of

them instrumented with lateral plate, observed one case of

implant failure and one of cage subsidence. Transient

anterior thigh numbness was present in 12 %. One case

presented with rhabdomyolysis. One-third of patients did

not obtain a good sagittal profile.

Wang et al. [29] reported on 23 patients undergoing

XLIF plus posterior percutaneous pedicle screws. Cobb

angle was corrected from 31 to 10�. Thigh dysesthesia and

pain or weakness was present in 30 % patients and was

permanent in one. No other complications were observed.

Keshavarzi et al. [30] studied 26 patients undergoing

staged anterior lateral fusion plus posterior instrumenta-

tion. Mean preoperative coronal deformity of 47� was

corrected to 28� after anterior surgery and then to 13� after

posterior instrumentation. L1–L5 lordosis changed from

32� to 49� after anterior surgery and to 51� after posterior

stage. Interestingly, after anterior stage, patients were

found to consistently increase coronal decompensation

toward the convexity of the lumbar curve. Decompensation

was corrected by posterior instrumentation. The authors

attributed this decompensation to stiffness of the fractional

lumbosacral curve (L5–S1). Pain VAS improved by nearly

4.5 points for both back and leg. Complications were not

included in the report.

Phillips and Kahn [31] compared the radiographic

results by the method of fixation in 90 patients. They found

that stand-alone XLIF obtained less correction (9.8 %) of

the coronal deformity compared to XLIF plus bilateral

pedicle fixation (41.5 %). The incidence of subsidence was

greater in patients with stand-alone XLIF than in those with

XLIF plus bilateral pedicle screws. In patients with XLIF

plus bilateral pedicle screws, those implanted with open

posterior technique had better coronal correction than those

implanted percutaneously.

A large series of 107 patients with a mean preoperative

Cobb angle of 24� has been reported in a prospective

multicenter study by Isaacs et al. [32]. The series included

stand alone (19 %), lateral plating (6 %), XLIF plus per-

cutaneous or open pedicle screw insertion (75 %) supple-

mentary fixation (65 % of pedicle screw fixation was done

percutaneously). Two-thirds of patients had recorded esti-

mated blood loss less than 100 ml. Major complications

were more frequent in patients with open pedicle screw

fixation (20.7 %) than in those with only anterior or per-

cutaneous pedicle screw fixation (5.8 %). Being a non-

randomized study, bias cannot be excluded (patients with

open posterior fixation could be more complex cases).

Seven patients had severe or protracted motor deficit. Two

of these were observed only after a staged posterior

instrumentation. Twenty-six percent of patients had hip

flexor weakness that was transient in 86 % and considered

an expected effect of surgical wound in the psoas muscle.

A correlation was found between hip flexor weakness and

length of surgery. No major vascular, ureteral or intestinal

complication was observed. One kidney laceration

occurred.

Some small series have reported on stand-alone lateral

interbody fusion for adult scoliosis. Due to the small

numbers of these series or inadequate reporting of surgical

technique or outcomes, their results have not been included

in this paper.

Discussion

Classification of surgical candidates and indications

Adult deformity includes a miscellaneous of clinical con-

ditions. It includes cases that can mainly be managed as a

spinal degenerative disease (as are patients with single or
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two-level degenerative disease or nerve root entrapment far

from the apex of the curve), with little attention to the

deformity, other patients with mechanical pain limited to a

small number of segments included in a curve, individuals

with neurological symptoms mainly caused by deformity

with secondary nerve entrapment and subjects with severe

curves combining different degrees of coronal imbalance,

trunk shift, curve progression and laterolisthesis. Any of

the latter three categories can be classified as sagittally

balanced, sagittally compensating (imbalanced) and sagit-

tally imbalanced (Table 2). Patients with sagittal imbal-

ance should be considered a different category, as they

require a distinct surgical strategy.

In this section, a new classification of adult lumbar

deformity is proposed to assist in the choice of a surgical

strategy for XLIF use (Table 3).

Surgical decompression without fusion or with fusion

limited to one or two segments can be an acceptable

option in Type I (Table 3) adult deformity patients, if

adjacent discs are not degenerated and decompression or

selective fusion are not performed at the level or adjacent

to the level with strong torsional or lateral shearing for-

ces. If these forces are present, limited surgery can result

in postoperative instability at the same or adjacent level,

leading in some cases to progression or decompensation

of the curve and clinical impairment. Thus, patients

needing decompression and/or fusion at or near the apex

of the lumbar curve should rather be classified into Type

II or III.

The authors have identified at least three clinical sce-

narios in adult deformity surgery, in which lateral access

can be useful. The first scenario is represented by those

patients with mechanical pain in lumbar scoliosis with pain

generator limited to few discs in the curve (Type II,

Table 3). These patients are well balanced in the coronal

and sagittal plane, and generally their curves do not need to

be significantly corrected in magnitude. Anterior only

fusion can be considered, depending on bone quality,

patient compliance, endplate preservation during surgery

and ability to achieve good stability of the implants with

integrity of the anterior longitudinal ligament.

The second scenario is that of patients with painful and

progressive lumbar scoliosis, with relatively well-con-

served sagittal balance (Type III, Table 3). XLIF is a

powerful method to make curves more flexible, allowing

for better correction, to promote fusion with a strong

anterior support and large surface for graft contact and to

provide modest increase of lumbar lordosis. Posterior fix-

ation is necessary to gain better correction and to maintain

it postoperatively.

Open posterior fixation is most helpful, especially

associated with posterior osteotomies, to achieve large

corrections in the coronal plane and to substantiallyT
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Table 3 Criteria to classify adult scoliosis regarding type of lateral access fusion strategy

Type of deformity Criteria Surgical Strategy

Type I: localized

nerve entrapment in

adult scoliosis

Spinal stenosis at 1–2 levels and

Two discs remaining between the upper level to be

included in decompression/fusion and the apex of the

curve and

No severe degeneration or instability (including

laterolisthesis) in the disc over the level to be

decompressed or fused and

sagittally balanced

Selective decompression

or

Selective decompression and fusion if instability is present

or surgery will create instability

Type II: limited disc

disease within the

curve

Painful discs within the curve (i.e., Modic I changes in

some of the discs, laterolisthesis at one or two discs,

vacuum phenomenon in discs with severe collapse) and

Mostly sagittally balanced. (Lumbar lordosis [ pelvic

incidence) and

Coronal imbalance \ 4 cm and

Nonprogressive curve and

Less severe curve (\30�)

Ideally, painful discs around (over and below) the apex of

the lumbar curve

Selective fusion with partial correction (do not correct over

adjacent curve correction in bending films to avoid

decompensation)

Consider anterior XLIF alone (when little or no correction

is needed) or XLIF and posterior instrumentation to

improve and maintain correction, to improve sagittal

balance or to restore coronal balance after anterior

procedure

Type III: severe

coronal deformity

Pain all over the curve or

Progressive curve or

More severe curve ([30�) or

Coronal deformity with moderate sagittal imbalance or

sagittally compensating

Fusion of the entire curve (as dictated by coronal and
sagittal plane deformity): XLIF at all levels or at the

more rigid segment plus posterior instrumentation.

Eventually posterior correction of coronal imbalance if

present after XLIF

If discs in the extremes of the curve are preserved and

mobile in lateral bending, consider XLIF at the apex (2

discs if apex is a vertebra, 3 discs if apex is a disc) with

derotation of the apex through posterior instrumentation

and compression in the convexity

Type IV: sagittal

imbalance

No or minor coronal deformity

Sagittally imbalanced or

Sagittally compensating with severe back pain or

Sagittally compensating with stenosis

Posterior instrumentation and fusion with osteotomies as

needed. Consider adding XLIF (same day or staged) to

increase stiffness around PSO or in open discs after SPO

In case of severe sagittal deformity with large deformity

coronal, consider XLIF at all levels or a the more rigid

segment and at the levels of planned posterior osteotomy

(see below) plus posterior instrumentation and fusion

with osteotomies as needed

In selected cases requiring less than 30� of sagittal

correction, consider XLIF complete release and

lengthening with hyperlordotic cage, followed by

posterior instrumentation (currently under evaluation)

Table 2 Sagittal balance status classification

Status Parameters of global sagittal spinal balance Situation of compensatory mechanisms to regain sagittal balance

Sagittally

balanced

SVA (sagittal vertical axis through center of C7 body) is

within 5 cm from the posterior margin of the S1 endplate

Pelvic tilt is less than 1/3 of the pelvic incidence AND femoral

shaft axis is vertical

Sagittally

compensating

SVA (sagittal vertical axis through center of C7 body) is

within 5 cm from the posterior margin of the S1 endplate

Increased pelvic tilt (pelvic tilt is less than 1/3 of pelvic

incidence) OR femoral shaft axis IS NOT vertical (indicating

compensatory knee flexion to increase pelvic tilt or translate

center of mass)

Sagittally

imbalanced

SVA (sagittal vertical axis through the center of the C7

body) is more than 5 cm from the posterior margin of the

S1 endplate
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increase lumbar lordosis. In selected cases, a complete

anterior release during lateral access fusion can produce

strong corrections in the coronal and sagittal plane with

short segment, percutaneous posterior fixation. It is the

belief of the authors that, under some conditions, this

combined technique can save fusion levels compared to

posterior procedures.

The third scenario and application of XLIF in deformity

are in patients with significant sagittal imbalance (Type IV,

Table 3). In these cases, our current approach is correction

of the deformity by open posterior surgery, usually with

lumbar PSO, complemented in some cases by SPO. Min-

imally invasive XLIF fusion is performed after posterior

correction to increase construct stiffness, anterior column

continuity and fusion area. Two different situations can

present in these cases. At the levels where Smith Petersen

Osteotomy has been performed, XLIF allows restoring the

continuity of the anterior column, avoiding a large empty

space in it and probably decreasing the risk of implant

failure and loss of correction. After pedicle subtraction

osteotomy, XLIF above and below the osteotomized ver-

tebra is performed to provide bone continuity for fusion

Fig. 1 A type II deformity case. Only anterior fusion, with limited correction was the chosen strategy (see text). Preoperative bending and full

standing and postoperative detail and full standing films are shown
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mass where posterior surgery has altered the bony anat-

omy, creating a discontinuity in the surface for the fusion

mass.

Recently, Akbarnia et al. [33] have described a lateral

access MIS technique with complete anterior release,

interbody fusion with large, hyperlordotic cages that

lengthen the anterior column, followed by posterior

instrumentation without osteotomies. This promising

technique is currently under evaluation and, if it demon-

strates to be safe and effective, could be an alternative to

posterior osteotomies in moderate (20�–30�) deficit of

lumbar lordosis.

Lateral access fusion can provide a method for obtaining

a good fusion mass with increased stability in revision

surgery for PSO failure. These patients typically present

with rod breakage or hardware pullout and loss of correc-

tion at the level of the osteotomy or below. A constant

finding in these cases has been a loss of continuity of

posterolateral graft at the level of the discs above and

below the osteotomy, with pseudartrhrosis.

Fig. 2 Type III de novo scoliosis. Lateral access anterior release and interbody fusion, posterior percutaneous instrumentation (with apex

derotation)

Fig. 3 The same case presented in Fig. 2. Effect of surgical steps on deformity (see text)
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Case studies

Type II deformity

A 74-year-old lady with previous L4–S1 posterolateral

fusion (with peek rods) ending near the apex of the lumbar

coronal curve presented 3 years after surgery with severe

back pain and junctional disease (Fig. 1). Good sagittal and

coronal balance was present at that time. No symptoms or

signs of neural entrapment were observed. This is a case of

a balanced spine with painful degenerative disease within a

curve that needs no or slight correction. An only-anterior

procedure was performed at three levels. Only one of the

cages was additionally instrumented with lateral plate due

to concerns about immediate stability. Though only slight

curve correction was present at the final follow-up, the

patient went on to fusion and is pain free at the 2-year

follow-up. Excessive correction of the curve over a rigid

lumbosacral area could have led to imbalance.

Type III deformity

A 67-year-old patient presented with severe back pain

preventing her from standing and walking except for very

short distances. Figure 2a, b shows the preoperative films,

with a short L1–L5 curve and severe rotation at the apical

(L4) vertebra. Lumbar lordosis was partially preserved (at

the L4–S1 segment). After one stage (Fig. 2c, d), two level

lateral access anterior ligament release and fusion with

lordotic cages and posterior percutaneous pedicle screw

instrumentation (with apical derotation and posterior

compression; see Fig. 3), coronal plane deformity and

Fig. 4 A Type IV deformity patient. Severe sagittal imbalance, in this case without coronal deformity
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apical rotation were almost completely corrected at the

instrumented levels; lordosis in the two instrumented levels

was increased by 30�.

The effect of surgical steps on deformity is illustrated in

Fig. 3. After positioning the patient in the lateral decubitus

position (Fig. 3a), the apex of the coronal deformity had

narrow disc spaces in the concavity (rotation was changed

by patient tilt to have a true AP view on the apical verte-

bra). After table break, discs opened in the concave side

(Fig. 3b). Annulus release and XLIF cage placement fur-

ther corrected coronal deformity, and the vertebrae inclu-

ded in fusion were almost parallel (Fig. 3c). After

positioning the patient prone, some of the corrections seen

in C were lost (Fig. 3d). The rod on the convex side was

placed first, the superior and inferior screws were slightly

overinserted and the central screw was slightly underin-

serted. The nut in center screw was tightened first (Fig. 3).

The concave screws were placed with slight overinsertion

of the central screws (Fig. 3g). A concave rod is then

inserted. Superior and inferior nuts were tightened.

Simultaneous tightening of the central concave screw nut

and the extreme convex screw nuts (with the use of per-

suaders) created a derotating force on the apex (pushing the

apical vertebra in the convexity and pulling it on the

concavity). Final compression (more on the convex side)

loads the cages and improves lordosis (Fig. 3f, h).

Type IV deformity

In severe sagittal imbalance cases, with or without coronal

deformity, sagittal plane dictates the priority of surgical

strategy (managed mainly by posterior surgery). After

posterior instrumentation (T11–ilium), L4 PSO (not

achieving in this case enough correction) and L2–L3 Smith

Petersen osteotomy (resulting in evident opening of the disc

anteriorly), an anterior column discontinuity was created

(Fig. 4). Lateral access for anterior fusion at L2–L3, L3–L4

(graft without cage) and L4–L5 was useful to restore the

anterior column integrity. The detail shows the cages in

place and the large amount of posterior graft at the level of

the osteotomies to reduce risk of pseudarthrosis.

Technical details in deformity lateral access surgery

Using XLIF in deformity cases requires great attention to

some technical details to get satisfactory results. Before

surgery, it is important to discuss with the patient to create

reasonable expectations. Lateral access splits muscle fibers

in the psoas. This frequently leads to thigh pain and hip

flexor weakness that must be distinguished from a root

lesion. Patients should know that these symptoms are likely

to present and that they will resolve within 2–6 weeks.

Thigh paresthesia/dysesthesia is probably related to injury

or stretch of the femorocutaneous nerve. Excessive retro-

peritoneal finger dissection during access and retractor

pressure on the iliac crest is a likely factor that can increase

the risk. Though this is a frequent complication, patients

seldom feel unhappy about this in the long term. Root

deficit is a more serious complication. Meticulous use of

nerve detection (with triggered EMG) during psoas pene-

tration and after retractor placement, attention to free

running EMG during disc preparation and implanting to

detect maneuvers that can damage the roots, clean surgical

technique (avoiding unnecessary forceful or long retraction

on the posterior part of the psoas) and a quick and efficient

disc preparation and cage implantation can probably help

to reduce this complication.

Patient positioning is critical. The table should be

repositioned under fluoroscopy for every disc access to

allow for a 90� vertical access parallel to the disc and the

posterior wall of the vertebrae. This reduces the risk of

canal penetration, contralateral root lesion, cage mis-

placement and vascular or visceral injury. Discs are usually

approached from the concave side. This allows a more

comfortable access, reducing the number of incisions

(through a single fascial incision two or three discs can be

approached in the lumbar spine). One exception is access

to L4–L5. Due to the position of the iliac crest, in patients

with a coronally oblique L4–L5 disc with a relatively high

crest, a convex side approach to L4–L5 can be more con-

venient. Frequently, L4–L5 is included in the fractional

lumbosacral curve; in these cases, the mid lumbar concave

approach corresponds to the side of the L4–L5 convex

approach. In some cases, this is not the case and a con-

tralateral L4–L5 approach should be considered. Before

surgery, the position of vessels and lumbar plexus in axial

MRI/CT slices should be checked. This permits to estimate

the width of the working window to each space. Depending

on the axial anatomy, in some cases, one side could be

considered safer for access. Retraction time in the psoas

has been related to thigh weakness. An efficient disc access

and preparation technique that makes possible a quick and

effective disc preparation and cage placement should be

mastered before considering treatment of deformity cases.

Overcorrection is a real risk when XLIF is used at every

level in a lumbar curve [30]. Painful discs within balanced

curves near rigid compensatory curves need just fusion. In

large curves, posterior staged instrumentation gives the

surgeon the chance to evaluate the degree of correction and

coronal decompensation, and to correct it by appropriate

posterior instrumentation in a second stage. In some cases,

surgery limited to few discs around the apex, followed by

aggressive posterior correction, can give satisfactory

results saving fusion levels (Fig. 2).
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Lateral access fusion after posterior fixation (as in sag-

ittal imbalance cases) poses some technical difficulties.

Spinous processes resection and posterior instrumentation

make it difficult to identify on a–p fluoroscopy the midline,

and to obtain a perfect lateral position of the patient. After

posterior fixation extending from the lower thoracic spine

to the sacrum, table break cannot be used to open the space

between the ribs and the iliac crest, so that L4–L5 can be

difficult to reach without angled instruments; intercostal or

transpleural access can be needed to access L3–L4 and

almost constantly L2–L3 and L1–L2. Posterior fixation

makes discs undistractable, and endplate penetration is the

consequence of attempts to implant large cages. When PSO

has been performed at a high level (L2 or L3), the apex of

the lumbar lordosis translates anteriorly, making retro-

peritoneal dissection more difficult and the risk of bowel or

kidney injury higher. A lengthy posterior procedure with

significant blood loss can impair coagulation, causing more

anterior bleeding (which can be a significant problem in a

reduced field) and greater difficulty in obtaining adequate

hemostasis.

Conclusions

XLIF is a promising minimally invasive option in the man-

agement of adult deformity. It can be used combined with

standard posterior techniques to improve the amount of

correction or the construct stability, or with percutaneous

pedicle fixation (or in some cases with just an anterior fixa-

tion) to reduce surgical trauma and complications. Due to the

mechanical properties of large cages with annulus release,

specific surgical strategies are needed to avoid imbalance

and define ideal fusion levels and methods. These strategies

should be defined and tested. The role of XLIF plus mini-

mally invasive posterior fixation in obtaining satisfactory

curve correction while reducing the number of levels fused in

lumbar scoliosis can be advantageous over more traditional

techniques. An adequate evaluation of the incidence of

neural and psoas complications, its avoidance and its real

impact on patients’ outcomes is necessary to better under-

stand the advantages of this approach. Studies comparing the

effectiveness and safety of traditional versus XLIF approa-

ches for adult deformity are needed to assist evidence-based

decision making.
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