
Web Appendix

Data Extraction

Each retrieved citationwas reviewed by two independently
working reviewers (A.R. and J.D.). Most articles were ex-
cluded on the basis of information provided by the title or
abstract. Citations that appeared to be appropriate or those
that could not be excluded unequivocally from the title and
abstract were identified, and the corresponding full text
reports were reviewed by the two reviewers. Any disagree-
ment between them was resolved by reviewer consensus.
From the included articles, the following data were
extracted: patient demographics, diagnoses, type of surgery,
reoperation risks, perioperative outcomes, adverse events, and
predictive factors for outcome following LLIF surgery.

Study Quality

Articles selected for inclusion were classified by level of
evidence. The method used for assessing the quality of
evidence of individual studies as well as the overall quality
of the body of evidence incorporates aspects of the rating
scheme developed by the Oxford Centre for Evidence-based
Medicine1 and used with modification by The Journal of Bone
and Joint Surgery American Volume (J Bone Joint Surg Am),2

precepts outlined by the Grades of Recommendation Assess-
ment, Development and Evaluation (GRADE)WorkingGroup3

and recommendations made by the Agency for Healthcare
Research and Quality (AHRQ).4 Each individual study was
rated by two different investigators against preset criteria
that resulted in an evidence rating (Level of Evidence I, II, III, or
IV). Disagreements were resolved through discussion.

Determination of Overall Strength of
Evidence

After individual article evaluation, the overall body of evi-
dence with respect to each outcome is determined based on
precepts outlined by the Grades of Recommendation Assess-
ment, Development and Evaluation (GRADE)WorkingGroup3

and recommendations made by the Agency for Healthcare
Research and Quality (AHRQ).4 Qualitative analysis is per-
formed considering the following AHRQ required and addi-
tional domains.5 ►Table 6 below provides an outline of the
method used to determine the final SoE.

Risk of bias is evaluated during the individual study
evaluation described above. After individual article review,
the literature evidence was rated as “HIGH” initially if the
majority of the articles are levels I or II. It is rated as “LOW” if
the majority were level III or lower. This is the “baseline”
strength of evidence, online supplementary “4a: Critical
Appraisal for Articles on Therapy.” The consistency, direct-
ness, precision, and subgroup effects are considered for
potential “downgrading” the strength of the body of evidence
(one or two levels depending on the degree and number of
domain violations).

Criteria Evaluated for “Downgrading”

• Consistency refers to the degree of similarity in the effect
sizes of different studies within an evidence base. If
effect sizes indicate the same direction of effect and if
the range of effect sizes is narrow, an evidence base was
judged to be consistent. If meta-analyses were con-
ducted, we evaluated the consistency with an “eye ball
test.” This test consists of a visual appraisal of the forest
plots by two independent reviewers. Single study evi-
dence bases were judged “consistency unknown (single
study)” and downgraded.

• Directness is concerned with whether the evidence being
assessed reflected a single, direct link between the
interventions of interest and the ultimate health out-
come; that is, a determination of whether the most
clinically relevant outcome was measured or if a surro-
gate outcome was assessed. Directness also applies to
indirect comparisons of treatment when head-to-head
comparisons of interest could not made within individ-
ual studies.

• Precision of evidence pertains to the degree of certainty
surrounding an estimate of effect for a specific outcome.
This is based on whether the estimate of effect reached
statistical significance and/or the inspection of confidence
intervals around effect estimates.When there are only two
subgroups, the overlap of the confidence intervals of the
summary estimates of the two groups is considered. No
overlap of the confidence intervals indicates statistical
significance, but the confidence intervals can overlap to
a small degree and the difference still is statistically
significant.

• Subgroup effects. For evaluating subgroup effects (i.e.,
heterogeneity of treatment effects), we downgrade if
the authors do not state a priori their plan to perform
subgroup analyses and if there was no test for
interaction.

Criteria Used for “Upgrading”

• Finally, if the strength of evidence is less than “HIGH,” we
“upgrade” the evidence if there is a dose–response associ-
ation or a strong magnitude of effect.

The following four possible levels and their definition are
reported:

• High: High confidence that the evidence reflects the true
effect. Further research is very unlikely to change our
confidence in the estimate of effect.

• Moderate: Moderate confidence that the evidence reflects
the true effect. Further research may change our confi-
dence in the estimate of effect and may change the
estimate.

• Low: Low confidence that the evidence reflects the true
effect. Further research is likely to change the confidence
in the estimate of effect and likely to change the estimate.

• Insufficient: Evidence either is unavailable or does not
permit a conclusion.
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Table 2 Predictive factors affecting outcomes following LLIF/XLIF/DLIF for lumbar degenerative disease

Investigator (y)
Study design
CoE

Potential predictive factors and
outcomes evaluated

Results

Kepler (2012)
Retrospective cohort
CoE: III

Predictive factors
• Demographic factors: age, sex, BMI
• Surgical factors: none
• Other factors: preoperative sagittal

alignment at instrumented levels (de-
grees)

Outcomes
• Postoperative lumbar lordosis

Significant results (did not control for
confounders)
• Preoperative alignment was correlated

significantly with postoperative lordosis
(p ¼ 0.34, p ¼ 0.003) and correlated
inversely with increase in lordosis
(p ¼ –0.67, p < 0.001).

Other results
• The following factors were not signifi-

cantly correlated with change in seg-
mental or global lordosis: age
(p ¼ 0.09, p ¼ 0.23; p ¼ 0.12,
p ¼ 0.27, respectively), sex (p ¼ 0.8,
p ¼ 0.9, respectively; p NR), and BMI
(p ¼ –0.1, p ¼ 0.24; p ¼ 0.13,
p ¼ 0.25, respectively).

Isaacs (2010)
Prospective cohort
CoE: II

Predictive factors
• Demographic factors: age, sex, BMI,

comorbidities, severity of deformity
• Surgical factors: inclusion of specific

levels, number of levels treated, addi-
tional posterior decompression, type of
fixation

• Other factors: none
Outcomes
• Perioperative complications

Significant results (controlled for con-
founders)
• Total number of levels operated per

patient is the strongest independent
predictor of complications
(p ¼ 0.0004): there is� 59% increase in
the complication risk for each addi-
tional level treated (OR, 1.59;
p ¼ 0.0105).

Other results
• No other demographic or surgical fac-

tors were significant predictors when
evaluated with the number of operative
levels.

Rodgers and Cox (2010)
Retrospective cohort
CoE: III

Predictive factors
• Demographic factors: BMI, age, sex,

height and weight, smoking, comor-
bidities (including diabetes mellitus,
coronary artery disease, chronic ob-
structive pulmonary disease, chronic
steroid use)

• Surgical factors: number of levels
treated

• Other factors: preoperative diagnosis
Outcomes
• Early complications (within first 3

months), including wound, nerve, car-
diac, renal, GI, respiratory, vertebral
body-related, and hardware-related

Significant results (controlled for con-
founders)
• Preoperative diagnosis was the only

variable found to significantly affect
whether or not complications occurred
(p ¼ 0.0075). Higher complication risk
reported in patients with diagnosis of
DDD or recurrent disc herniation.

Other results
• No other demographic or surgical fac-

tors were significant predictors of the
occurrence of a complication.

Abbreviations: BMI, body mass index; CoE, class of evidence; DDD, degenerative disc disease; DLIF, direct lateral interbody fusion; GI, gastrointestinal;
LLIF, lumbar lateral interbody fusion; NR, not reported; OR, odds ratio; XLIF, extreme lateral interbody fusion.
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Table 3a Summary of inclusion and exclusion criteria for studies comparing LLIF/XLIF/DLIF with PLIF or TLIF

Inclusion Exclusion

Patient Adult patients (18 y or older) with
• Lumbar (L1–L5) degenerative disc disease, with or
without canal stenosis and with or without de-
generative spondylolisthesis, or

• Lumbar degenerative scoliosis

• Tumor/neoplasms
• Trauma
• Thoracic disc disease
• Infection
• Fractures

Intervention • Lumbar lateral interbody fusion (LLIF) (also known
as extreme lateral interbody fusion (XLIF), direct
lateral interbody fusion (DLIF), and lateral
transpsoas interbody fusion (LTIF))

• As stand-alone procedure or augmented with
posterior pedicle screw fixations

Comparison • PLIF or TLIF as stand-alone procedures or aug-
mented with posterior pedicle screw fixations
(either open or percutaneous)

• ALIF

Outcome • Differences in tissues dissection and trauma
• Length of hospital stay
• Fusion rates
• Postoperative pain
• Blood loss
• Revision surgery
• Complications including neural injuries, hip flex-

ion weakness, hardware-related (including mal-
position, subsidence), infection, mortality,
subsidence, adjacent level disease

Study design • Comparative studies
• At least 10 patients per treatment group

• Case reports
• Case series
• Comparative study with less than 10 patients per
treatment group

• Animal, biomechanical, or cadaveric studies

Publication • Peer-reviewed studies written in English • Abstracts, editorials, letters
• Duplicate publications of the same study, which
do not report on different outcomes

• Single reports from multicenter trials
• White papers
• Meeting abstracts, presentations or proceedings
• Narrative reviews
• Articles identified as preliminary reports when
results are published in later versions

Table 3b Summary of inclusion and exclusion criteria for studies investigating factors affecting patient outcome after LLIF/XLIF/DLIF
surgery

Inclusion Exclusion

Patient Adult patients (18 years or older) with one of the following
conditions who have received lumbar lateral interbody
fusion (LLIF) (also known as extreme lateral interbody
fusion (XLIF), direct lateral interbody fusion (DLIF), and
lateral transpsoas interbody fusion (LTIF)), as a stand-alone
procedure or augmented with posterior pedicle screw
fixation:
• Lumbar (L1-L5) degenerative disc disease, with or with-

out canal stenosis and with or without degenerative
spondylolisthesis, or

• Lumbar degenerative scoliosis

• Tumor/neoplasms
• Trauma
• Thoracic disc disease
• Infection
• Fractures

Predictive factors • Degree of scoliosis
• Degree of spondylolisthesis
• Degree and type of canal stenosis
• Demographic factors including sex, age, obesity

Outcome • Postoperative pain
• Neurological improvement
• Sagittal and coronal balance
• Pelvic parameters

Study design • Studies assessing factors affecting patient outcome
following LLIF

• Studies with less than 20 patients
• Case reports
• Animal, biomechanical, or cadaveric studies

Evidence-Based Spine-Care Journal Vol. 5 No. 1/2014
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Table 4a Class of evidence summary table for included studies comparing LLIF/XLIF/DLIF with PLIF or TLIF

Methodological principle Deluzio (2010) Rodgers and Gerber (2010) Knight (2009)

Study design

Randomized controlled trial

Prospective cohort study

Retrospective cohort study √ √ √

Case-series

Random sequence generationa

Statement of concealed allocationa

Intention to treata

Independent or blind assessmentb

Co-interventions applied equally

Complete follow-up of � 80%

Adequate sample size √ √

Controlling for possible confoundingc

Evidence level III III III

Note: Blank cells indicate that the criterion was either not met or that it could not be determined
aApplies only to randomized controlled trials only.
bApplies to assessment of the primary study outcome(s).
cGroups must be comparable on baseline characteristics or evidence of control for confounding presented.

Table 4b Definition of class of evidence for articles on therapy

Studies of therapy

Class Risk of bias Study design Criteria

I Low risk
Study adheres to commonly held tenets
of high quality design, execution, and
avoidance of bias

Good quality RCT • Random sequence generation
• Allocation concealment
• Intent-to-treat analysis
• Blind or independent assessment for

important outcomes
• Cointerventions applied equally
• F/U rate of 80%þ
• Adequate sample size

II Moderately low risk
Study has potential for some bias; study
does not meet all criteria for class I, but
deficiencies not likely to invalidate re-
sults or introduce significant bias

Moderate or poor quality RCT • Violation of one of the criteria for good
quality RCT

Good quality cohort • Blind or independent assessment in a
prospective study, or use of reliable
dataa in a retrospective study

• Co-interventions applied equally
• F/U rate of 80%þ
• Adequate sample size
• Controlling for possible confoundingb

III Moderately high risk
Study has significant flaws in design and/
or execution that increase potential for
bias that may invalidate study results

Moderate or poor quality cohort • Violation of any of the criteria for good
quality cohort

Case-control • Any case-control design

IV High risk
Study has significant potential for bias;
lack of comparison group precludes di-
rect assessment of important outcomes

Case series • Any case series design

Abbreviations: F/U, follow-up; RCT, randomized controlled trial.
aOutcome assessment is independent of healthcare personnel judgment. Reliable data are data such as mortality or reoperation.
bAuthorsmust provide a description of robust baseline characteristics, and control for those that are unequally distributed between treatment groups.
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Table 4c Class of evidence summary table for included studies investigating factors affecting patient outcome after LLIF/XLIF/DLIF
surgery

Methodological principle Kepler (2012) Isaacs (2010) Rodgers and
Cox (2010)

Study design

Randomized controlled trial

Prospective cohort study √

Retrospective cohort study √ √

Case control

Case-series

Patients at similar point in the course of their disease or treatment √ √ √

Patients followed long enough for outcomes to occur √ √ √

Complete follow-up of > 80%

Controlling for extraneous prognostic factorsa √ √

Evidence level III II III

aAuthors must consider other factors that might influence patient outcomes.

Table 4d Criteria for class of evidence (CoE) for prognostic studies

Studies

Class Risk of bias Study design Criteria

I Low risk
Study adheres to commonly held tenets of
high quality design, execution, and
avoidance of bias

Good quality cohort • Prospective design
• Patients at similar point in the course of

their disease or treatment
• F/U rate of � 80%
• Patients followed long enough for

outcomes to occur
• Accounting for other prognostic factors

II Moderately low risk
Study has potential for some bias; does
not meet all criteria for class I but defi-
ciencies not likely to invalidate results or
introduce significant bias

Moderate quality cohort • Prospective design, with violation of
one of the other criteria for good
quality cohort study

• Retrospective design, meeting all the
rest of the criteria in class I

III Moderately high risk
Study has flaws in design and/or execu-
tion that increase potential for bias that
may invalidate study results

Poor quality cohort
Good quality case-control
or cross-sectional study

• Prospective design with violation of 2 or
more criteria for good quality cohort, or

• Retrospective design with violation of 1
or more criteria for good quality cohort

• A good case-control study
• A good cross-sectional study

IV High risk
Study has significant potential for bias;
does not include design features geared
toward minimizing bias and/or does not
have a comparison group

Poor quality case-control
or cross-sectional
Case series

• Other than a good case-control study
• Other than a good cross-sectional study
• Any case series design
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Table 5 Evidence summary

Baseline quality: High ¼ majority of articles level I/II; low ¼ majority of articles level III/IV
Upgrade: Large magnitude of effect (1 or 2 classes); dose response gradient (1 class)
Downgrade: Inconsistency of results (1 or 2 classes); indirectness of evidence (1 or 2 classes); imprecision of effect estimates
(1 or 2 classes)

Strength of evidence Conclusions/
comments

Baseline Upgrade
(classes)

Downgrade
(classes)

In adult patients, what is the comparative effectiveness of LLIF/XLIF/DLIF surgery compared with PLIF or TLIF surgery?

LLIF/XLIF/DLIF
versus PLIF/TLIF

Insufficient None of the studies reported the
comparative effectiveness of ra-
diographic or patient-reported
outcomes.

Insufficient

In adult patients, what is the comparative safety of LLIF/XLIF/DLIF surgery compared with PLIF or TLIF surgery?

LLIF/XLIF/DLIF
versus PLIF/TLIF

Low Overall, the evidence on the
comparative safety of LLIF com-
pared with PLIF is low. The LLIF
treatment group had less esti-
mated blood loss and a lower
mortality risk than the PLIF treat-
ment group. However, results for
other outcomes were inconsis-
tent. Two studies reported a
shorter length of hospital stay for
the LLIF group, yet one study
reported the same length of
hospital stay for both treatment
groups. One study reported a
significantly lower complication
risk for the LLIF group, but an-
other study reported approxi-
mately the same risk for both
treatment groups. And only one
study reported the reoperation
risk for both treatment groups.

Low No No

In adult patients, are there any factors affecting patient outcome after LLIF/XLIF/DLIF surgery?

LLIF/XLIF/DLIF Insufficient Overall, the evidence that factors
predict patient outcome after LLIF
surgery is insufficient. The 3
studies examined predictive fac-
tors for different outcomes. Two
studies performed a multivariate
analysis to control for confound-
ers: 1 study found that number of
levels treated was a significant
predictor of perioperative com-
plications and 1 study found that
preoperative diagnosis was a sig-
nificant predictor of early com-
plications. The third study found
that preoperative sagittal align-
ment was a significant predictor
of postoperative lumbar lordosis,
but did not control for con-
founders in the analysis. All 3
studies found that age, sex, and
BMI were not predictors of out-
come after LLIF.

Low No Yes (consistency
unknown: one study
for each type of
outcome analyzed)

Abbreviations: DLIF, direct lateral interbody fusion; LLIF, lumbar lateral interbody fusion; PLIF, posterior lateral interbody fusion; TLIF, transforaminal
lumbar interbody fusion; XLIF, extreme lateral interbody fusion.
Note: All AHRQ “required” and “additional” domainsa are assessed. Only those that influence the baseline grade are listed in table.
Baseline strength: Risk of bias (including control of confounding) is accounted for in the individual article evaluations. High ¼ majority of articles level
I/II; low ¼ majority of articles level III/IV.
Downgrade: Inconsistencyb of results (1 or 2); indirectness of evidence (1 or 2); imprecision of effect estimates (1 or 2); sub-group analyses not stated a
priori and no test for interaction (2).
Upgrade: Large magnitude of effect (1 or 2); Dose response gradient (1).
aRequired domains: risk of bias, consistency, directness, precision. Plausible confounding that would decrease observed effect is accounted for in our
baseline risk of bias assessment through individual article evaluation. Additional domains: dose–response, strength of association, publication bias.

bSingle study ¼ “consistency unknown.”
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