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Abstract
Study Design: A systematic review and meta-analysis.

Objectives: To evaluate clinical and radiographic outcomes, and perioperative complications of oblique lateral interbody fusion
(OLIF) for adult spinal deformity (ASD).

Methods: We performed a systematic review and meta-analysis of related studies reporting outcomes of OLIF for ASD. The
clinical outcomes were assessed by visual analogue scale (VAS) and Oswestry Disability Index (ODI). The radiographic parameters
were evaluated by sagittal vertical axis (SVA), pelvic tilt (PT), sacral slope (SS), thoracic kyphosis (TK), lumbar lordosis (LL), pelvic
incidence-lumbar lordosis (PI-LL), Cobb angle and fusion rate. A random effects model and 95% confidence intervals (Cl) were
performed to investigate the results.

Results: A total of 16 studies involving 519 patients were included in the present study. The mean difference of VAS-back score,
VAS-leg score and ODI score before and after surgery was 5.1, 5.0 and 32.3 respectively. The mean correction of LL was 20.6°,
with an average of 6.9° per level and the mean correction of Cobb was 16.4°, with an average of 4.7° per level. The mean
correction of SVA, PT, SS, TK and PI-LL was 59.3mm, 11.7°, 6.9°, 9.4° and 20.6° respectively. The mean fusion rate was 94.1%.
The incidence of intraoperative and postoperative complications was 4.9% and 29.6% respectively.

Conclusions: OLIF is an effective and safe surgery method in the treatment of mild or moderate ASD and it has advantages in less
intraoperative blood loss and lower perioperative complications.
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ASD treatment to reduce intraoperative blood loss and perio-
perative complications in recent years.”'® As a mini-open ante-
rior retroperitoneal approach, oblique lateral interbody fusion
(OLIF) was firstly introduced to treat lumbar degenerative dis-
eases via a physiological corridor between the aorta and psoas
in 2012."" The mechanism of oblique lateral approach is to

Introduction

Adult spinal deformity (ASD) is a common cause of chronic
low back pain and disability. The primary goals of ASD treat-
ment are to obtain coronal and sagittal balance, relieve pain and
achieve solid fusion.' For years, traditional open osteotomies,
such as Smith-Petersen osteotomy (SPO), pedicle subtraction
osteotomy (PSO), and vertebral column resection (VCR) have
been used as powerful surgical methods for ASD and have
gained excellent clinical outcome.>* However, these tradi-
tional methods are associated with various complications
including excessive blood loss, pseudarthrosis, proximal junc-
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tional kyphosis (PJK), neurological deficit, rod breakage, dural
tear, deep wound infection or hematoma.”>® Therefore, mini-
mally invasive surgery (MIS) has been increasingly used in
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achieve indirect neural decompression and lumbar lordosis cor-
rection by placing a larger cage into the disc space.'?

So far, a few studies have reported the results of OLIF used
in ASD."*!> However, these studies were limited by the num-
ber of patients, so the effectiveness and safety of OLIF in ASD
treatment are still controversial and have not been systemati-
cally confirmed. Thus, the purpose of this systematic review
and meta-analysis was to study whether OLIF is effective and
safe in the treatment of ASD and provide scientific evidence for
spine surgeons.

Methods

Literature Search

The systematic review was performed according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.'® Literature was searched with no lan-
guage restrictions. Since OLIF was firstly reported in 2012, we
searched for articles published between January 2012 and
August 2020 in PubMed, Embase, Cochrane Library, WAN-
FANG, and CNKI databases. The terms used for the search
were as follows: “oblique lateral interbody fusion” OR
“oblique lumbar interbody fusion” OR “oblique lateral lumbar
interbody fusion” OR “retroperitoneal lumbar interbody
fusion” OR “pre-psoas lateral interbody fusion” OR “anterior
to psoas lumbar interbody fusion” OR “anterolateral approach
to lumbar” OR “OLIF” OR “OLLIF.” Articles from the same
authors or institutions were examined, and duplicate data sets
were excluded. The number of articles included and excluded
was shown in a flow chart (Figure 1).

Selection Criteria

Articles included in the systematic review fulfilled the follow-
ing criteria: 1) patients aged >18 years; 2) a diagnosis of idio-
pathic or degenerative lumbar kyphosis or scoliosis; 3) spinal
deformity treated by OLIF combined with posterior or lateral
fixation with or without posterior column osteotomy (PCO); 4)
more than 3 months’ follow-up. Studies including less than 10
patients, involving other lumbar degenerative diseases without
spinal deformity, or reporting OLIF combined with osteotomy
of the vertebral body (such as PSO and VCR) were excluded.

Data Extraction

The extracted data is as follows. The general data was shown in
Table 1 to 3 (author name, publication year, country, study
design, gender, age, follow-up, hospital stay, diagnosis, type
of surgery, OLIF levels, total fusion levels, fixation levels,
posterior decompression, osteotomy, operative time, intrao-
perative blood loss and fusion materials). The clinical out-
comes were shown in Figure 2 (VAS-back, VAS-leg, ODI).
The radiographic parameters were shown in Figures 3 and 4
and Table 3 (SVA, PT, SS, TK, LL, PI-LL, Cobb and fusion
rate) and complications were shown in Table 3. If all patients
underwent OLIF standalone or OLIF combined with posterior

or lateral fixation with or without posterior facetectomy and/or
laminectomy in partial surgical segments in one study, type of
surgery of this study was defined as OLIF stand-alone or OLIF
combined with posterior or lateral fixation with or without
selective posterior decompression and this study was included
in OLIF group. If few patients underwent OLIF combined with
PCO in partial surgical segments in one study, type of surgery
of this study was defined as OLIF with selective PCO and this
study was included in OLIF with selective PCO group. If all
patients underwent OLIF combined with PCO in all surgical
segments in one study, type of surgery of this study was defined
as OLIF with PCO and this study was included in OLIF with
PCO group. Data from articles was extracted independently by
2 reviewers and verified by the third reviewer when there was a
disagreement.

Quality Assessment

The methodological quality of each study included in the pres-
ent meta-analysis was evaluated by the National Heart Lung
and Blood Institute (NHLBI) quality assessment tool for case
series studies (Table 4).!7 All studies were classified as either
good, fair or poor.

Statistical Analysis

Data is presented as n (%) for categorical variables and mean
+ standard deviation (SD) for continuous variables. The SPSS
v.17 was used to calculate the weighted mean value of general
data (age, follow-up, hospital stay, OLIF levels, total fusion
levels, fixation levels, operative time, intraoperative blood
loss). The Review Manager v.5.3 software was used to merge
the preoperative and postoperative clinical outcomes and radio-
graphic parameters in each study and an overall estimate of the
effect was shown in the form of forest plot.The treatment effect
was expressed as mean difference and 95% CI. Mean differ-
ence was calculated by postoperative value minus preoperative
value from each study. Heterogeneity of clinical outcomes and
radiographic parameters between studies was assessed using
the I? value. A sensitivity analysis by eliminating one of all
included studies at a time and subgroup analysis were per-
formed to examine the source of the heterogeneity when het-
erogeneity existed (> > 50%). The random effects model was
used if heterogeneity still existed. Otherwise, the fixed effects
model was used (I* < 50%).

Results

A total of 16 studies'*">'%3% involving 519 patients underwent
OLIF combined with posterior or lateral fixation with or with-
out posterior decompression and PCO were included in the
present meta-analysis. All included studies were assessed as
good according to the NHLBI quality assessment tool.
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General Data average of 107.3ml per fusion level) respectively. The mean
. . 13-15,18-29 : . . operative time and intraoperative blood loss of 247 patients in
Fifteen studies'>"!18-2° involving 491 patients reported gender p 13-15.18.20-23 P p

(145 males and 346 females) and age (mean 67.6 years, 20-86).
The mean follow-up of 434 patients in 13 studies!?!%18-22:24.27-30
was 22 months (3-64). The mean hospital stay of 135 patients
in 4 studies'***?*** was 6.3 days. The mean OLIF levels of
370 patients in 12 studies'*'>'#22728 was 3.1 segments (1-6,
T12-S1). The mean total fusion levels of 491 patients in 15
studies'>">'*% was 4.9 segments (1-15, T4-S1). The mean fixa-
tion levels of 146 patients in 4 studies'*'®**?” was 7.2 segments
(2-16, T3-S2). The mean operative time and intraoperative blood
loss of 392 patients in 13 studies'>'>"18-24262930 ere 294 2 min
(an average of 59 minutes per fusion level) and 529.3ml (an

8 studies in OLIF group were 288 min (an average of
75.8 minutes per fusion level) and 366.2 ml (an average 0of97.1 ml
per fusion level) respectively.

Clinical Outcomes

Mean difference of all clinical outcomes was equal to the pre-
operative mean value of clinical outcomes minus the post-
operative mean value of clinical outcomes. Thirteen
studies!?-15:18-20.22-24.27-30 involving 448 patients reported the
VAS-back scores with a mean difference of 5.11 (95%CI, 4.40-
5.82). Six studies'*'#2*272% involving 235 patients reported
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Table 3. Fusion Materials, Fusion Rate and Complications.

Fusion rate (no. of cage),

Authors & year Fusion materials

evaluation method

Complications (cases)

Kim et al, 2017'8 PEEK cage with autogenous and
allogeneic bone grafts

Ohtori et al, 2015'> Cage with autograft from the iliac bone

Zhao et al, 2017%° Cage with allogeneic or autogenous iliac
bone grafts

He et al, 2020'°

Anand et al, 2019"3 PEEK cage with RhBMP-2 and Grafton

putty

PEEK cage with allograft and
hydroxyapatite

Cage with tricalcium phosphate soaked
in autologous bone marrow aspirate

PEEK cage with demineralized bone
matrix or local bone chips from the
lamina and facets

PEEK cage with RhBMP-2 and allograft

Wang et al, 201922
Abbasi et al, 2017

Park et al, 2020'*
Lee et al, 20192

Mehren et al, 2020%°
Lui et al, 2019%¢

Koike etal., 2020%7
Wu and Huang, 201928

Cage with RhBMP-2 and allograft
Tantalum cage
PEEK cage with allograft

Fang et al, 2020%° Cage with allograft

Xu et al, 2020%*

Patel et al, 2019*' PEEK cage with demineralized bone

matrix

83.6% (102/122),
X-rays/CT

88.6% (31/35), CT

100% (45/45), X-rays

97.7% (127/130), X-rays

100% (24 /24), CT

100% (24 cases/24 cases)

100% (99/99)

Groin and medial thigh pains (3), peritoneal tear (2)

Cage subsidence (1), thigh pain (1), thigh numbness
(2), donor site pain (8)

Transient hip flexor weakness (5), anterolateral thigh
pain (1), sympathetic chain injury (1)

lliac vein or segmental artery injury (6), sympathetic
chain injury (7), femoral nerve injury (2), cage
subsidence (16)

None

Cage subsidence (2)

Neuropraxia (1), nerve irritation with corresponding
weakness (2)

Proximal junctional kyphosis (7), psoas symptoms
(8), ileus (13), leg dysesthesia (5)

Transient right L4 root palsy (I), hemothorax at L1—
2 (1), superficial wound infection (1), PJK (9),
pseudarthrosis (I)

None

Transient thigh pain and thigh numbness (2),
transient hematuria (1), cage subsidence (I),
sympathetic chain injury (I)

Psoas weakness (2), endplate injury and cage
subsidence (3), fatty fluidization of incision (2), calf
muscular venous thrombosis (3), PJK (3)

100% (28 cases/28 cases) Urinary tract infection (1), ileus (2), back pain (3), hip

flexor pain (2), incision pain ()

86.7% (13 cases/|5 cases) Transient hip flexion weakness (2), adjacent

vertebrae (L2) fracture (I), wound infection (1)

Abbreviations: PEEK, polyetheretherketone; RhBMP-2, recombinant human bone morphogenetic protein 2; CT, computed tomography; PJK, proximal junctional

kyphosis.

selective PCO group showed that the average correction of Cobb
is 15.76° (95%CI, 11.75° to 19.78°). Six studies'>:!8-20-22:28
involving 166 patients reported the fusion rate, with an average
of 94.1% (3 studies were excluded for the absence of OLIF
levels).

Complications

A total of 14 studies'>"'>18-25:2830 inyolving 406 patients
reported the incidence of intraoperative and postoperative com-
plications is 4.9% and 29.6% respectively. The most common
intraoperative complications were sympathetic chain (2.2%)
and vascular (1.5%) injury. However, endplate injury (n = 3)
and peritoneal tear (n = 2) were rare. The most common post-
operative complications included transient thigh pain or numb-
ness and hip flexor weakness or pain (9.4%), cage subsidence
(5.7%), PIK (4.7%), ileus (3.7%) and donor site pain (2%). The
rare complications included back pain (n = 3), calf muscular
venous thrombosis (n = 3), wound infection (n = 2), fatty
fluidization of incision (n = 2), incision pain (n = 1),

pseudarthrosis (n = 1), adjacent vertebrae fracture (n = 1),
transient hematuria (n = 1), urinary tract infection (n = 1),
neuropraxia (n = 1) and hemothorax (n = 1).

Discussion

ASD is mainly caused by asymmetric degeneration of the
intervertebral disc and facet joint, usually accompanied by
coronal and sagittal imbalance, loss of lumbar lordosis, and
spinal stenosis.>' Various spinal osteotomies have been
widely used to treat ASD for many years. Schwab et al*?
proposed classification system of spinal osteotomy based
on 6 anatomic grades of resection corresponding to the
extent of bone resection. The extent of PCO including SPO?
(grade I) and Ponte osteotomy> (grade II) is small, which
corrects spinal deformity by removing articular processes.
PSO? (grade IIT), SRS-Schwab osteotomy>* (grade IV), VCR?
(grade V) and multiple VCRs (grade VI) belong to 3-column
osteotomy. Among them, SPO, PSO and VCR are the most
commonly used, and other osteotomies are improved on their
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A pre-op post-op Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI

Abbasi 2017 83 1.7 29 3.7 A7 29 7.0% 4.60 [3.44, 5.76) o

Anand 2019 67 1.9 60 1.7 186 60  81% 5.00[4.37,5.63) s

Fang 2020 68 1.4 7 s L 27 8.0% 5.70[5.00, 6.40) e

He 2020 7.7 16 56 19 15 56 8.2% 5.80[5.23, 6.37) =

Kim 2017 56 1 32 2 07 32 8.4% 3.60(3.18, 4.02) =

Koike 2020 66 23 74 31 39 74 7.3% 3.50[2.47,4.53) =

Lee 2019 7.3 1.6 41 26 1.1 41 8.1% 4.70(4.11,5.29] S

Ohtori 2015 95 35 12 23 17 12 4.7% 7.20 [5.00, 9.40] ko
Park 2020 65 1.5 23 22 06 23 8.0% 4.30 [3.64, 4.96) by

Wang 2019 69 14 1" 2 089 1M1 7.4% 4.90[3.92, 5.88] =

WWu 2019 85 1.4 38 09 04 38 83% 7.60[7.14, 8.06) =
Xu 2020 & 4 28 1.6 06 28 8.4% 5.40 [4.97,5.83] i

Zhao 2017 71 07 17 24 09 17 8.2% 4.70 [4.16, 5.24) =

Total (95% CI) 448 448 100.0% 5.11 [4.40, 5.82] L 2
Heterogeneity: Tau®= 1.63; Chi*= 193.48, df= 12 (P < 0.00001); F= 94% g R 3 . i

Test for overall effect: Z=14.09 (P < 0.00001)

Favours [no effect] Favours [effect]

B pre-op post-op Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Fang 2020 73 14 27 1 09 27 171% 6.30 [5.67, 6.93) o
Kim 2017 51 2.6 32 1.5 11 32 16.2% 3.60[2.62, 4.58) e

Koike 2020 56 3 74 31 38 74 157% 2.50(1.38, 3.62) o

Lee 2019 62 22 41 22 1.3 41 16.7% 4.00(3.22,4.79) B

Park 2020 74 1.2 23 14 08 23 17.2% 6.00[5.41, 6.59) =
¥u 2019 79 21 38 08 03 38 17.0% 7.10(6.43,7.77) e
Total (95% CI) 235 235 100.0% 4.97 [3.69, 6.24] <>
Heterogeneity: Tau®= 2.38; Chi*= 86.74, df= 5 (P < 0.00001); F=94% _1=0 55, 0 5 1=0
Test for overall effect: Z=7.61 (P < 0.00001) Favours [no effect] Favours [effec]
C pre-op post-op Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 895% ClI
Abbasi 2017 53 12 23 32 22 23 7.3% 21.00[10.76,31.24) o

Anand 2019 461 157 60 257 1849 60 8.3% 20.40[14.18, 26.62) =

Fang 2020 Mmon 27 17 6 27 8.6% 54.00(49.27,58.73) =
He 2020 475 91 56 224 6.7 56  8.8% 25.10(22.14,28.06) =

Kim 2017 554 16 32 226 58 32 8.3% 32.80(26.90,38.70) ==

Lee 2019 301 541 41 148 589 41 8.9% 1530[12.91,17.69) T

Onhtori 2015 72 22 12 22 12 12 6.2% 50.00(35.82,64.18) S -
Park 2020 498 7.7 23 146 32 23 8.8% 35.30(31.89,38.71) o
Wang 2019 395 31 11 219 36 11 8.8% 17.60[14.79,20.41) =

Wu 2019 80.2 18.8 38 222 105 38  8.1% 58.00[51.15, 64.85) =
Xu 2020 49.6 4 28 129 3 28 8.9% 36.70[34.85, 38.55) =

Zhao 2017 378 25 17 109 3 17 8.9% 27.00(25.14, 28.86) i

Total (95% CI) 368 368 100.0% 32.33[25.93,38.72] L 4
Heterogeneity: Tau®= 118.42; Chi*= 476.05, df= 11 (P < 0.00001); = 98% 100 g ! 20 100

Test for overall effect: Z=9.91 (P < 0.00001)

Favours [no effect] Favours [effect]

Figure 2. Forest plots of VAS-back pain (A), VAS-leg pain (B) and ODI (C). The vertical line indicates no change in the outcome after OLIF
surgery. The position of the black diamond indicates whether there is any change and improvement or deterioration depends on whether it
is on the effect side or the no effect side. The squares indicate the individual studies with their size proportional to the weightings given to

each study.

basis. Although the above various spinal osteotomies have
achieved excellent clinical outcomes in ASD treatment, there
are still various problems such as excessive intraoperative

blood loss and high perioperative complication rate.*™

Surgical Trauma

In order to reduce intraoperative blood loss and perioperative
complications, MIS is increasingly used to treat ASD and has
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A pre-op post-op Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

1.4.1 OLIF without PCO
Anand 2018 708 60 60 31 2117 60 111% 39.80 [23.66, 55.94] s
Kim 2017 1366 643 32 295 264 32 108% 107.10[83.02,131.18 =
Ohtori 2015 140 20 12 27 [ 12 11.2% 113.00([101.19, 124.81) -
Park 2020 1257 211 23 295 148 23 112% 96.20 [85.67, 106.73) w
Wang 2019 70 39 11 239 18 11 107% 41.00 [15.62, 66.38) ==
Wu 2019 76 34 38 30 ] 38 11.2% 46.00 [35.07, 56.93] i
Xu 2020 552 162 28 284 101 8 113% 26.80 [19.73, 33.87] ¥
Zhao 2017 308 143 17 24 118 17 11.3% 6.80 [-2.01, 15.61) -
Subtotal (95% CI) 221 221 88.9% 59.31 [30.59, 88.04] A
Heterogeneity: Tau®= 1655.47; Chi*= 339.75, df= 7 (P < 0.00001), F= 98%
Test for overall effect: Z= 4.05 (P < 0.0001)
1.4.2 OLIF with PCO
Lee 201 202.7 407 41 0.7 35 41 11.1% 202.00 [185.57, 218.43) o
Subtotal (95% CI) 41 41 11.1% 202.00 [185.57, 218.43] "
Heterogeneity: Mot applicable
Test for overall effect Z= 24.10 (P < 0.00001)
Total (95% Cl) 262 262 100.0% 75.24 [39.06, 111.42] -
Heterogeneity: Tau® = 3002.81; Chi*= 659.62, df = 8 (P < 0.00001); F= 99% _250 o :au 5 ‘H:]l] 260
Test for overall effect: Z= 4.08 (P < 0.0001)
Test for subaroun differences: Chit= 71.42. df= 1 (P < 0.00001). F= 98.6% o sl Sl g
B pre-op post-op Mean Difference Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 OLIF without PCO
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Park 2020 33 72 23 181 57 23 250% 14.90[11.15 18865] —
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Heterogeneity: Tau®= 6.85; Chi®= 6.63, df= 3 (P= 0.08); F= 55%
Test for overall effect: Z= 6.53 (P < 0.00001)
1.5.2 OLIF with PCO
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Heterogeneity. Not applicable
Test for overall effect: Z= 5.87 (P < 0.00001)
Total (95% Cl) 147 147 100.0%  12.45[9.33, 15.56] -
Heterogeneity: Tau®= 6.46; Chi*= 8.41, df= 4 (P = 0.08); F=52% 0 e o T o
Test for overall effect: Z=7.82 (P < 0.00001)
Test for subaroun differences: Chi®= 1.55. df= 1 (P = 0.21). FF= 35.3% Fawme o oiec) Taveuts jeecy]
C pre-op post-op Mean Difference Mean Difference
Study or Subgrou Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 OLIF without PCO
Mehren 2019 329 T 18 34 10 15 31.3% -1.10[-7.28, 5.08] =
Ohtori 2015 10 3 12 22 4 12 353% -12.00[-14.83,-9.17] &
Subtotal (95% CI) 27 27  66.6% -6.91 [-17.57, 3.75] E
Heterogeneity: Tau® = 53.40; Chi*= 9.89, df=1 (P = 0.002); F= 30%
Test for overall effect Z=1.27 (P = 0.20)
1.6.2 OLIF with PCO
Lee 2019 26.6 123 41 476 85 41 334% -21.00[-25.58,-16.42] -
Subtotal (95% CI) 41 41 33.4% -21.00[-25.58,-16.42] <>
Heterogeneity: Not applicable
Test for overall effect: Z= 8.99 (P < 0.00001)
Total (95% CI) 68 68 100.0% -11.60 [-20.78, -2.41] -
;ielf;ogenein;T;u’rgu.gsi;:?;’:;gﬁz, df= 2 (P < 0.00001); F=92% _510 _,‘;5 ) 2=5 5:0
est for overall effect: 7= 2. = 0.
Test for subaroun differences: Chi*= 5.67. df=1 (P=0.02). F= 82.4% FRs [vol Fen mosiec
pre-op post-op Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V. Random, 95% Cl IV, Random, 95% CI
Anand 2019 211 15.7 60 106 95 60 251% 10.50(5.86,15.14) -
Ohtori 2015 LRl g 12 8 1 12 24.9% 33.00(27.88,38.12) e =
Park 2020 355 94 23 53 36 23 25.3% 30.20[26.09, 34.31) =
Wang 2019 154 87 1 7 37 11 247%  840[2.81,13.99) —.
Total (95% CI) 106 106 100.0% 20.57 [8.19, 32.95] -
Heterogeneity: Tau®= 153.35; Chi*= 79.20, df= 3 (P < 0.00001); F= 96% 50 25 o 215 5:0

Test for overall effect: Z= 3.26 (P = 0.001)

Favours [no effect] Favours [effect]

Figure 3. Forest plots of sagittal parameters including SVA (A), PT (B), SS(C) and PI-LL (D).
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A pre-op post-op Mean Difference Mean Difference

Study or Subgroup  Mean _ SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random. 95% CI

1.7.1 without thoracic PCO

Koike 2020 26 124 74 34 123 74 264%  -8.00[-11.98,-4.02) -

Ohtori 2015 15 3 12 24 8 12 257%  -9.00[-13.83,-4.17] =

Patel 2019 163 85 15 296 89 15 245% -13.30[-1853,-7.07] .y

Subtotal (95% Cl) 101 101 76.6% -9.36 [-12.13, -6.60] ’

Heterogeneity: Tau*=0.02; Chi*=2.01, df= 2 (P = 0.37), F=0%

Test for overall effect Z= 6.65 (P < 0.00001)

1.7.2 with thoracic PCO

Lee 2019 53 167 41 366 172 41 234% -31.30[-38.64,-23.96) <

Subtotal (95% CI) 41 41  23.4% -31.30[-38.64,-23.96] -

Heterogeneity: Not applicable

Test for overall effect: Z= §.36 (P < 0.00001)

Total (95% Cl) 142 142 100.0% -15.00 [-23.80, -6.20] -

Heterogeneity: Tau®= 72.24; Chi*= 32.10, df= 3 (P < 0.00001); F= 31% -EED ‘255 3 235 550

Test for overall effect: Z= 3.34 (P = 0.0008)

Test for subaroun diflerences: Chi*= 30.07. df=1 (P < 0.00001). = 96.7% PRI (fiec) Famurs i siecs
B pre-op post-op Mean Difference Mean Difference
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Figure 4. Forest plots of TK (A), LL(B) and Cobb (C).
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achieved excellent clinical outcomes.”'® The present study
found that the average volume of intraoperative blood loss is
merely 366.2 ml with an average of 97.1 ml per fusion level in
OLIF group. Lee et al** reported that the average volume of
intraoperative blood loss is 1736 ml in multi-level OLIF com-
bined with multi-level PCO group and 2824 ml in PSO group
respectively. Cho et al® reported that the average volume of
intraoperative blood loss is 1398 ml in multi-level SPO group
and 2617 ml in single-level PSO group respectively. Suk et al*®
reported that the average volume of intraoperative blood loss is
7034 ml in the posterior VCR for severe rigid scoliosis. These
results found that intraoperative blood loss increased enor-
mously as the extent of spinal osteotomy expanded. Besides,
these results also demonstrated that multi-level OLIF com-
bined with posterior or lateral fixation with or without selective
posterior decompression significantly decrease intraoperative
blood loss in the treatment of ASD compared with multi-level
SPO. And multi-level OLIF combined with multi-level PCO
also significantly decrease intraoperative blood loss compared
with single-level PSO and VCR. This was mainly due to the
application of the physiological corridor between the perito-
neum and anterior edge of the psoas muscle, which avoided
posterior multi-level facetectomy and laminectomy. In addi-
tion, the present study also found that the average length of
hospital stay is only 6.3 days due to the application of the
circumferential MIS, which was meaningful for patients’ early
recovery after surgery.

Clinical Outcomes

The present meta-analysis also found that VAS-back score,
VAS-leg score and ODI score in all included studies improved
significantly postoperatively, which indicated that OLIF is
effective in the treatment of ASD.

Radiographic Parameters

Correction of Sagittal Imbalance

Many previous studies®>®>” have confirmed that sagittal imbal-
ance is closely related to patient’s quality of life and thus
restoring sagittal balance can better improve clinical outcomes.
Schwab et al*® proposed that the radiographic parameters for
ideal sagittal balance after surgery should be SVA < 40 mm,
PT < 20° and PI-LL < 9°. Cho et al® reported that the average
correction of SVA is 55mm in multi-level SPO group and
112mm in single-level PSO group respectively. The present
meta-analysis found that SVA is decreased from 87.9 mm pre-
operatively to 28.6 mm postoperatively with a mean difference
of 59.3mm in OLIF group and 202.7mm preoperatively to
0.7 mm postoperatively with a mean difference of 202 mm in
OLIF with PCO group, respectively. These results demon-
strated that OLIF is similar to multi-level SPO and OLIF com-
bined with PCO is superior to single-level PSO in terms of
SVA correction. Besides, this study found that PT is decreased
from 30.6° preoperatively to 18.9° postoperatively with a mean

difference of 11.7° in OLIF group and 27.6° preoperatively to
11.9° postoperatively with a mean difference of 15.7° in OLIF
with PCO group, respectively. In addition, this study found that
PI-LL is decreased from 28.3° preoperatively to 7.7° post-
operatively with a mean difference of 20.6° in OLIF group.

Correction of LL and TK

Lafage et al*® found that correction of LL is linearly related to

the improvement of SVA and PT. Cho et al”® reported that the
average correction of LL is 33° with an average of 10.7° per
level in multi-level SPO and 31.7° in single-level PSO respec-
tively. This present study found that LL is increased from 19.1°
preoperatively to 39.6° postoperatively with a mean difference
of 20.6° in OLIF group and -1° preoperatively to 73.2° post-
operatively with a mean difference of 74.2° in OLIF with PCO
group, respectively. The average correction of LL per lumbar
fusion level is 6.9° in OLIF group and 14.8° in OLIF with PCO
group, respectively. Kim et al'® reported that the average cor-
rection of LL is 40.7° with an average of 10.7° per level by
releasing anterior longitudinal ligament (ALL) and using a
lordotic cage in multi-level OLIF for ASD. These results indi-
cated that releasing ALL and using a lordotic cage in multi-
level OLIF for ASD could achieve similar LL correction
compared to multi-level SPO. Besides, these results also indi-
cated that OLIF combined with PCO could obtain adequate LL
correction in the treatment of severe lumbar kyphosis, thereby
avoiding huge surgical injury caused by traditional 3-column
osteotomy. In addition, this study found that the average cor-
rection of TK is 9.4° in OLIF group and 31.30° in OLIF with
PCO group, respectively, which indicated that OLIF combined
with PCO is necessary to obtain adequate correction of sagittal
imbalance for patients with marked thoracic kyphosis
deformity.

Correction of Coronal Imbalance

This study found that the average correction of Cobb is 16.4°,
with an average of 4.7° per level in OLIF group. Bekmez et al**
reported that the average correction of Cobb is 56.1° with an
average of 11.2° per level in multi-level SPO and 66.7° in
single-level PSO respectively. These results showed that OLIF
is effective for mild or moderate lumbar coronal deformity, but
OLIF combined with multi-level SPO or PSO is also effective
for severe coronal deformity.

Fusion Rate

The present study found that the average fusion rate is up to
94.1%, which may be related to the placement of larger cage in
OLIF surgery.

In a word, OLIF can achieve satisfactory improvement of
radiographic parameters in the treatment of mild and moder-
ate ASD.
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Table 4. Quality Assessment Tool for Case Series Studies.

Yes/no/other

Criteria (CD, NR, NA)*

I. Was the study question or objective clearly
stated?

. Was the study population clearly and fully

described, including a case definition?

. Were the cases consecutive?

. Were the subjects comparable?

. Was the intervention clearly described?

. Were the outcome measures clearly defined,
valid, reliable, and implemented consistently
across all study participants?

7. Was the length of follow-up adequate?

8. Were the statistical methods well-described?

9. Were the results well-described?

N

o AW

Quality Rating (good, fair, or poor)

Rater #l initials:
Rater #2 initials:
Additional Comments (If POOR, please state why):

Abbreviations: *CD, cannot determine; NA, not applicable; NR, not reported.

Complications

Many previous studies”**' on various osteotomies for ASD

reported that the overall complication rate ranges from 42%
to 69.2% and the major complication rate ranges from 20% to
46%, including pseudarthrosis (10%-24%), PIK (7.7%-34%),
neurological deficit (6.3%-18.1%), rod breakage (4.4%-
14.7%), dural tear (3.3%-23.1%) and wound infection
(6.5%). Besides, many studies® >’ found that the incidence
of perioperative complications and major complications
increased significantly as the extent of spinal osteotomy
expanded. Furthermore, since ASD is more common in the
elderly, the risk of surgery is higher. Daubs et al*! found that
the major complication rate of patients older than 69 years are 9
times that of patients younger than 69 years in osteotomies for
spinal deformity. Therefore, the surgical treatment of ASD
should be as minimally invasive as possible to reduce the inci-
dence of perioperative complications.'® The present meta-
analysis showed that the overall complication rate of OLIF is
34.5% and the major complication rate is lower. The most
complications are transient thigh pain or numbness and hip
flexor weakness or pain (9.4%), cage subsidence (5.7%), prox-
imal junctional kyphosis (4.7%), ileus (3.7%), sympathetic
chain (2.2%) and vascular (1.5%) injury. The transient thigh
pain/numbness and hip flexor weakness/pain may be related to
the intraoperative pulling and stimulating of the psoas or post-
operative hematoma.** Since most of the patients in this study
were female and elderly, osteoporosis was the main pathologi-
cal basis for intraoperative endplate injury and postoperative
cage subsidence.*” PJK may be related to osteoporosis and
fusion to pelvis.?” The postoperative ileus may be related to
stimulating of the intraoperative peritoneum.** The sympa-
thetic chain injury mainly occurred during pulling psoas.*? The

vascular injury mainly included segmental vessels and iliac
vessels injury, which was more common in patients with ana-
tomical variation.*? Most complications of OLIF surgery were
transient and the major complication rate was lower. Thus,
OLIF is an safe surgery method in the treatment of ASD.

Conclusions

OLIF combined with posterior or lateral fixation was effective
and safe in the treatment of mild and moderate ASD. It has
advantages in less intraoperative blood loss and lower perio-
perative complication rate. However, OLIF combined with
PCO may be needed to obtain sufficient correction of coronal
and sagittal deformity to reduce the need of 3-column osteot-
omy in ASD with severe coronal and sagittal imbalance.
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