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ACKGROUND CONTEXT: Lateral decubitus single position anterior-posterior (AP) fusion

utilizing anterior lumbar interbody fusion and percutaneous posterior fixation is a novel, minimally

invasive surgical technique. Single position lumbar surgery (SPLS) with anterior lumbar interbody

fusion (ALIF) or lateral lumbar interbody fusion (LLIF) has been shown to be a safe, effective tech-

nique. This study directly compares perioperative outcomes of SPLS with lateral ALIF vs. tradi-

tional supine ALIF with repositioning (FLIP) for degenerative pathologies.

PURPOSE: To determine if SPLS with lateral ALIF improves perioperative outcomes compared

to FLIP with supine ALIF.

STUDY DESIGN/SETTING:Multicenter retrospective cohort study.

PATIENT SAMPLE: Patients undergoing primary AP fusions with ALIF at 5 institutions from

2015 to 2020.
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OUTCOME MEASURES: Levels fused, inclusion of L4-L5, L5-S1, radiation dosage, operative

time, estimated blood loss (EBL), length of stay (LOS), perioperative complications. Radiographic

analysis included lumbar lordosis (LL), pelvic incidence (PI), and PI-LL mismatch.

METHODS: Retrospective analysis of primary ALIFs with bilateral percutaneous pedicle screw

fixation between L4-S1 over 5 years at 5 institutions. Patients were grouped as FLIP or SPLS.

Demographic, procedural, perioperative, and radiographic outcome measures were compared using

independent samples t-tests and chi-squared analyses with significance set at p <.05. Cohorts were
propensity-matched for demographic or procedural differences.

RESULTS: A total of 321 patients were included; 124 SPS and 197 Flip patients. Propensity-match-

ing yielded 248 patients: 124 SPLS and 124 FLIP. The SPLS cohort demonstrated significantly

reduced operative time (132.95§77.45 vs. 261.79§91.65 min; p <0.001), EBL (120.44§217.08 vs.

224.29§243.99 mL; p <.001), LOS (2.07§1.26 vs. 3.47§1.40 days; p <.001), and rate of periopera-
tive ileus (0.00% vs. 6.45%; p =.005). Radiation dose (39.79§31.66 vs. 37.54§35.85 mGy; p =.719)

and perioperative complications including vascular injury (1.61% vs. 1.61%; p =.000), retrograde

ejaculation (0.00% vs. 0.81%, p =.328), abdominal wall (0.81% vs. 2.42%; p =.338), neuropraxia

(1.61% vs. 0.81%; p =.532), persistent motor deficit (0.00% vs. 1.61%; p =.166), wound complica-

tions (1.61% vs. 1.61%; p =.000), or VTE (0.81% vs. 0.81%; p =.972) were similar. No difference

was seen in 90-day return to OR. Similar results were noted in sub-analyses of single-level L4-L5 or

L5-S1 fusions. On radiographic analysis, the SPLS cohort had greater changes in LL (4.23§11.14 vs.

0.43§8.07 deg; p =.005) and PI-LL mismatch (-4.78§8.77 vs. -0.39§7.51 deg; p =.002).

CONCLUSIONS: Single position lateral ALIF with percutaneous posterior fixation improves

operative time, EBL, LOS, rate of ileus, and maintains safety compared to supine ALIF with prone

percutaneous pedicle screws between L4-S1. © 2021 Elsevier Inc. All rights reserved.TaggedEnd
TaggedPKeywords: L
ateral Anterior Lumbar Interbody Fusion (ALIF); Circumferential fusion; Single position; Minimally invasive

spine surgery; Lumbar degenerative disease; Perioperative outcomes; Ileus TaggedEnd
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TaggedH1Introduction TaggedEnd

TaggedPSingle position lumbar surgery (SPLS) is a novel technique

for circumferential fusion that has been shown to be safe and

effective. SPLS involves Anterior Lumbar Interbody Fusion

(ALIF) and/or Lateral Lumbar Interbody Fusion (LLIF) along

with percutaneous pedicle screw fixation (PPSF) all in the lat-

eral decubitus position. This technique is advantageous

because it provides simultaneous access to anterior and poste-

rior spinal columns, does not require repositioning and re-drap-

ing, and has demonstrated improved perioperative outcomes.

Specifically, it has been shown to decrease operative time

(OpTime), length of stay (LOS), estimated blood loss (EBL),

and rates of ileus without an increase in perioperative out-

comes or differences in changes in spinopelvic alignment [1].TaggedEnd

TaggedPThere have been no direct comparisons of SPLS with lat-

eral ALIF to traditional supine ALIF with repositioning.

However, there are specific concerns for vascular injury,

abdominal wall or visceral complications, and retrograde

ejaculation (RE) with ALIF procedures [2−9]. To ensure

that the complication profile is not increased when perform-

ing ALIF in the lateral position, this paper offers a large,

multicenter comparison of lateral ALIF SPLS to traditional

supine ALIF with repositioning. TaggedEnd
TaggedH1Materials and methods TaggedEnd

TaggedH2Data collection TaggedEnd

TaggedPA retrospective review of perioperative (peri-op) and 90-

day outcomes of patients undergoing 1 −2 level ALIF with
bilateral PPSF for degenerative pathologies from Jan 2015 to

Oct 2020 at five institutions was undertaken. Patients were

excluded if they had shorter than 90 −day follow up, prior

lumbar fusion at the level of interest, if transforaminal, poste-

rior, or lateral lumbar interbody fusion procedures were per-

formed simultaneously, or if anterior and posterior portions

of the procedure were staged under different anesthesia

events. Procedures were classified based on number of

patient positions during a single anesthesia event: more than

one position was defined as a “Flip” procedure, and the sin-

gle lateral decubitus position with lateral ALIF was defined

as a an SPLS procedure. Peri-op variables including patient

demographics, medical comorbidities, and motor strength

exam were obtained from patient history and physicals. The

body mass index (BMI), numbers of levels fused, percentage

of cases including L4-L5 and L5-S1, use of navigation or

robotic-guidance, interbody lordosis, OpTime, and EBL

were recorded from the anesthesia and operative reports.

Intraoperative (intra-op) complications were obtained from

the operative reports and included vascular, neurological, or

visceral injury. Radiation dosage was obtained from radiol-

ogy reports. Peri-op complications and LOS were recoded

from discharge summary notes. Finally, a comprehensive

review of surgical provider notes from the date of surgery to

90−day follow up was completed to screen for postoperative

(post-op) complications including neurological deficit, ileus,

abdominal wall defect, bowel injury, venous thromboem-

bolic events (VTE) including pulmonary embolism (PE) and

deep vein thrombosis (DVT), surgical site infections (SSI) or

other wound complications, and returns to the operating
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room within 90 days. Ileus was defined as the absence of fla-

tus and/or passage of stool past 48 hours from the time of

surgery and required radiographic confirmation of intestinal

dilation on abdominal plain radiographs. Measurements of

pelvic incidence (PI), lumbar lordosis (LL), and PI-LL mis-

match were taken from pre- and 90-day post-operative stand-

ing radiographs.TaggedEnd

TaggedH2Statistical analysisTaggedEnd

TaggedPAll measures were compared using independent sam-

ples t-tests and chi-squared analysis with significance

set at p <.05. Propensity matching was undertaken when

significant differences in demographic or procedural var-

iables were identified. Analysis was conducted using

IBM SPSS Statistics Software (Version 25.0, Armonk.

NY, USA). TaggedEnd

TaggedH2Surgical technique TaggedEnd

TaggedPAll cases included in this study were performed by expe-

rienced surgeons with extensive familiarity with MIS and

lateral techniques and with ALIF placement. All surgeons

are fellowship trained with at least 7 years of experience.

All cases, both Flip and SPLS, utilized an access surgeon in

order to optimize safety [9]. Lateral ALIF surgeries were

performed in accordance with previously published descrip-

tions of the surgical technique [1]. The lateral ALIF differs

in that the skin and abdominal wall incisions are made at

the lateral border of the rectus sheath rather than midline as

in traditional supine ALIF. However, like the traditional

supine ALIF, this is a retroperitoneal approach. At L5 −S1,
the surgical corridor to the spine is between the iliac ves-

sels. If performed as a single level, the approach may be

undertaken from the left or the right depending on exposure

surgeon preference. At L4-L5 the corridor is either between

the vessels or to the left of the vessels depending on the

individual patient anatomy. Once vessels were mobilized to

allow for exposure of the disc space, a wide annulotomy

was performed and complete discectomy performed. The

operating surgeon chose the cage dimensions, cage compo-

sition (either PEEK or Titanium), and positioning within

the prepared disc space. Anterior instrumentation was

placed either with a buttress plate or via integrated locking

screws secured to the interbody cage. TaggedEnd

TaggedPIn order to accomplish PPSF, patients were maintained

in lateral decubitus position and were not re-draped. Either

fluoroscopic guidance or computer assisted/robot assistance

was utilized. PPSF was conducted using standard tech-

nique. Jamshidi needles were placed using a starting point

on the junction of the transverse process and lateral facet

and aimed with a medialized trajectory to a depth of

25 mm. AP fluoroscopic images were used to confirmation

that there was no medial pedicle breach. Guidewires were

placed through the jamshidi needles which were subse-

quently removed. Sequential dilators were placed over the

guidewires, the tracts were tapped, and cannulated screws
Downloaded for Anonymous User (n/a) at Duke University f
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were placed over the wires. Position was confirmed under

fluoroscopy. Screw stimulation with EMG was performed

to assess for pedicle wall violations. All FLIP procedures

underwent prone PPSF.TaggedEnd
TaggedH1Results TaggedEnd

TaggedPA total of 321 patients who underwent ALIF with

PPSF were identified, of which 124 underwent SPLS

with lateral ALIF and 153 underwent Flip surgery with

supine ALIF. The average age was 54.04 § 12.99 years.

The patients were 49.84% male and 50.16% female. The

average BMI was 29.64 § 5.82, 21.88% were smokers,

11.88% were diabetic, and 5.11% were osteoporotic.

The average number of levels fused was 1.20 § 0.42.

Bone morphogenetic protein (BMP, INFUSE, Medtronic

Sofamor Danek, Memphis, TN, USA) was implanted in

68.57% of cases, live cell allograft in 32.85%, and both

in 3.12% of cases. Navigation or robotic guidance was

used in 28.81% of all cases. The average interbody was

15.04 degrees of lordosis. TaggedEnd

TaggedPIn the 197 patient Flip cohort, the average age was 53.25

§ 13.12 years. The patients were 51.78% male and 48.22%

female. The average BMI was 29.32 § 6.22, 25.89% were

smokers, 11.17% were diabetic, and 3.77% were osteopo-

rotic. The average number of levels fused was 1.24 § 0.45

per patient. 31.98% included L4 −L5, 90.86% included L5-

S1, and L4 −L5 was the single level fused in 6.47% of Flip

cases. BMP was implanted in 68.42%, live cell allograft in

32.85%, and both in 4.06% of Flip cases. Navigation or

robotic guidance was used in 47.58% of Flip cases. The

average interbody lordosis was 16.03 degrees. TaggedEnd

TaggedPIn the 124 patient SPLS cohort, the average age was 55.30

§ 12.73 years. The patients were 45.97% male and 54.03%

female. The average BMI was 30.15 § 5.09, 12.90% were

smokers, 13.71% were diabetic, and 9.37% were osteopo-

rotic. The average number of levels fused was 1.18 § 0.40

per patient, 15.32% included L4 −L5, and 95.86% included

L5 −S1. L4 −L5 was fused as a single level in 6.56% of

cases. BMP was implanted in 22.12%, live cell allograft in

60.41%, and both in 1.61% of cases. Navigation or robotic

guidance was used in 7.96% of SPLS cases. The average

interbody in the SPLS group was 13.31 degrees. There were

significantly more smokers, greater number of levels fused,

more L4 −L5 inclusion, more robot use, and greater degrees

of interbody lordosis in the Flip cohort compared with the

SPLS cohort, all p <.05. There was significantly less BMP

use and more live cell use in the SPLS group. A comparison

of demographic and treatment information between Flip and

SPLS groups is included in (Table 1).TaggedEnd

TaggedPOpTime was significantly shorter in the SPLS cohort

compared to the Flip cohort (133.95 Vs. 274.57 min, p

<.001, respectively). EBL (120.44 vs. 251.59 mL, p <.001,
respectively) and LOS (2.07 vs. 3.62 days, p <.001, respec-
tively) were less in the SPLS compared to the Flip cohort as

well. There were no significant differences in radiation
rom ClinicalKey.com by Elsevier on May 23, 2025. 
opyright ©2025. Elsevier Inc. All rights reserved.



TaggedEndTable 1

Comparison of demographic and treatment measures between lateral anterior lumbar interbody fusion single position surgery (SPLS) vs. traditional supine

anterior lumber interbody Fusion with repositioning (Flip)

SPLS (N = 124) Flip (N = 197) p-value

Demographics and ProceduralCharacteristics Age (years) 55.30§12.74 53.25 § 13.12 .168

Gender (% female) 54.03% 48.22% .272

BMI 30.15§5.09 29.32 § 6.22 .220

Diabetes (%) 13.71% 11.17% .421

Smoker (%) 12.90% 25.89% .010

Osteoporosis (%) 9.37% 3.77% .194

Levels fused 1.13§0.33 1.24 § 0.45 .010

L4-L5 included (%) 15.32% 31.98% <.001
L5-S1 included (%) 95.96% 91.86% .061

Bone Morphogenic Protein use (%) 22.12% 60.41% <.001
Stem cell use (%) 79.05% 21.78% <.001
Navigation or robot use (%) 7.96% 47.58% <.001
Degrees of interbody lordosis 13.31 16.03 <.001

TaggedEnd422 K. Ashayeri et al. / The Spine Journal 22 (2022) 419−428
dosage (39.79 vs. 44.93 mGy, p =.502). Peri-op complica-

tions were similar between the SPLS and Flip cohorts with

the exception of the incidence of post-op ileus, which was

significantly less in the SPLS group (0.0% vs. 7.10%, p

=.003). No significant differences were found in need for

return to the OR for any reason. A summary of intra-op out-

comes measures and peri-op complications is provided in

(Table 2).TaggedEnd

TaggedPRadiographic analysis showed no differences in pre-op

LL (56.23 vs. 55.25 deg, p =.522) or in PI-LL mismatch

(4.06 vs. 3.66 deg, p =.811). However, there was a greater

post-op LL (60.30 vs. 56.53 deg, p =.010) and smaller post-

op PI-LL mismatch (-0.72 vs. 3.01 deg, p =.031) in the

SPLS cohort compared to the Flip cohort. Furthermore,
TaggedEndTable 2

Comparison of intraoperative outcomes measures and perioperative complication

(SPLS) vs. traditional supine anterior lumber interbody fusion with repositioning (

Procedural Outcomes Operative time (minutes)

Length of stay (days)

Estimated blood loss (mL)

Radiation Dose (mGy)

Complications Ileus

Neuropraxia

Persistent Motor Deficit

Abdominal Bulge

Bowel Injury

Vascular Injury

Retrograde Ejaculation

Wound Complication

Surgical Site Infection

DVT/PE

Returns to OR Return to OR within 90 days

Central Decompression

Foraminal Decompression

Neurological Deficit

Irrigation and Debridement

Hematoma Evacuation

Instrumentation Revision

mL, milliliters, mGY, milligray; DVT, deep vein thrombosis; PE, pulmonary e

Downloaded for Anonymous User (n/a) at Duke University
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there were greater changes in LL (4.23 vs. 1.03 deg,

p =.007) and changes in PI-LL mismatch (-4.78 vs.

-0.68 deg, p =.002). TaggedEnd
TaggedH2Propensity matched analysis TaggedEnd

TaggedPPropensity matching was completed for levels fused and

percent of cases including L4 −5 and included 248 patients:
124 Flip and 124 SPLS. The Flip cohort had an average age

of 53.86 § 12.64 years. 50.81% were male and 49.19%

were female. The average BMI was 29.04 § 5.21, 25.81%

were smokers, 11.29% were diabetic, and 6.45% were oste-

oporotic. The average number of levels fused was 1.13 §
0.33 per patient, 20.97% included L4-L5, and 91.13%
s between lateral anterior lumbar interbody fusion single position surgery

Flip)

SPLS (N = 124) Flip (N = 197) p-value

132.95§77.45 274.57§97.09 <.001
2.07§1.26 3.62§2.19 .010

120.44§217.08 251.59§262.48 <.001
39.79§31.66 44.93§52.35 .502

0.00% 7.10% .003

1.61% 2.03% .833

0.00% 3.05% .056

0.81% 2.03% .416

0.00% 0.00% .000

1.61% 2.03% .833

0.00% 0.51% .438

1.61% 1.52% .906

1.61% 0.00% .186

0.81% 0.51% .713

4.03% 6.09% .481

0.00% 1.02% .272

1.61% 2.54% .623

0.00% 2.03% .119

0.81% 0.00% .196

0.00% 1.02% .272

1.61% 2.03% .833

mbolism; OR, operating Room.
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TaggedEndTable 3

Comparison of demographic and treatment measures between lateral anterior lumbar interbody fusion single position surgery (SPLS) vs. traditional supine

anterior lumber interbody fusion with repositioning (Flip) following propensity matching

SPLS (N = 124) Flip (N = 124) p-value

Demographics and Procedural

Characteristics

Age (years) 55.30§12.74 53.86§12.64 .373

Gender (% female) 54.03% 49.19% .448

BMI 30.15§5.09 29.04§5.21 .094

Diabetes (%) 13.71% 11.29% .583

Smoker (%) 12.90% 25.81% .031

Osteoporosis (%) 9.37% 6.45% .578

Levels fused 1.13§0.33 1.13§0.33 .000

L4-L5 included (%) 15.32% 20.97% .251

L5-S1 included (%) 95.96% 91.13% .122

Bone Morphogenic Protein use (%) 22.12% 62.90% <.001
Stem cell use (%) 79.05% 22.08% <.001
Navigation or robot use (%) 7.96% 50.68% <.001
Degrees of interbody lordosis 13.31 16.40 <.001

Propensity matched for levels fused, L4-5 inclusion.

TaggedEndK. Ashayeri et al. / The Spine Journal 22 (2022) 419−428 423
included L5-S1. BMP was implanted in 62.90%, live cell

allograft in 22.08%, and both in 0.00% of cases. Navigation

or robotic guidance was used in 50.68% of Flip cases. The

average interbody lordosis was 16.40 degrees. The SPLS

cohort maintained all 124 patients with demographic and

treatment information as outlined above. There were signif-

icantly more smokers in the Flip group. There was signifi-

cantly more BMP use and less live cell use in the Flip

group. There was more navigation or robotics use and

higher degrees of interbody lordosis in the Flip group. Oth-

erwise, there were no differences in demographic or treat-

ment measures between SPLS and Flip cohorts, as outlined

in (Table 3).TaggedEnd
TaggedEndTable 4

Comparison of intraoperative outcomes measures and perioperative complication

(SPLS) vs. traditional supine anterior lumber interbody fusion with repositioning (

Procedural Outcomes Operative Time (minutes)

Length of stay (days)

Estimated blood loss (mL)

Radiation Dose (mGy)

Complications Ileus

Neuropraxia

Persistent Motor Deficit

Abdominal Bulge

Bowel Injury

Vascular Injury

Retrograde Ejaculation

Wound Complication

Surgical Site Infection

DVT/PE

Returns to OR Return to OR within 90 days

Central Decompression

Foraminal Decompression

Neurological Deficit

Irrigation and Debridement

Hematoma Evacuation

Instrumentation Revision

Propensity matched for levels fused, L4-5 inclusion.

mL, milliliters; mGY, milligray; DVT, deep vein thrombosis; PE, pulmonary emb

Downloaded for Anonymous User (n/a) at Duke University f
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TaggedPAfter propensity matching, there remained significant

less OpTime (132.95 vs. 261.79 min, p <.001), EBL

(120.44 vs. 224.29 mL, p =.001), and LOS (2.07 vs.

3.47 days, p <.001) in the SPLS cohort compared to the

Flip cohort. There were no significant differences in radia-

tion dosage (39.79 vs. 37.54 mGy, p =.719). Peri-op com-

plications were similar between the SPLS and Flip cohorts

with the exception of the incidence of post-op ileus, which

was significantly less in the SPLS group (0.00% vs. 6.45%,

p =.005). No significant differences were found in need for

return to the ORs for any reason. A summary of intra-op

outcome measures and peri-op complications is provided in

(Table 4).TaggedEnd
s between lateral anterior lumbar interbody fusion single position surgery

Flip) following propensity matching

SPLS (N = 124) Flip (N = 124) p-value

132.95§77.45 261.79§91.65 <.001
2.07§1.26 3.47§1.40 <.001
120.44§217.08 224.29§243.99 .001

39.79§31.66 37.54§35.85 .719

0.00% 6.45% .005

1.61% 0.81% .532

0.00% 1.61% .166

0.81% 2.42% .338

0.00% 0.00% .000

1.61% 1.61% .960

0.00% 0.81% .328

1.61% 1.61% .960

1.61% 0.00% .347

0.81% 0.81% .972

4.03% 5.64% .614

0.00% 0.81% .328

1.61% 2.41% .692

0.00% 0.81% .328

0.81% 0.00% .328

0.00% 0.81% .328

1.61% 2.41% 0.692

olism; OR, operating Room.
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TaggedEndTable 5

Comparison of radiographic outcomes between lateral anterior lumbar interbody fusion single position surgery (SPLS) vs. traditional supine anterior lumber

interbody fusion with repositioning (Flip) following propensity matching

SPLS (N = 124) Flip (N = 124) p-value

Radiographic Outcomes Preoperative LL (deg) 56.23§12.63 56.48§12.77 881

Postoperative LL (deg) 60.30§11.70 56.88§11.97 .034

Change LL (deg) 4.22§11.14 0.43§8.07 .005

Preoperative PI-LL Mismatch (deg) 4.06§11.43 4.35§9.85 .875

Postoperative PI-LL Mismatch (deg) -0.72§11.72 4.03§9.15 .010

Change PI-LL Mismatch (deg) -4.78§8.77 -0.39§7.51 .002

Propensity matched for levels fused, L4-5 inclusion LL, lumbar lordosis; PI, pelvic incidence; deg, degrees.
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TaggedPRadiographic analysis showed no differences in pre-op

LL (56.23 vs. 56.48 deg, p =.881) or in PI-LL mismatch

(4.06 vs. 4.35 deg, p =.875). However, there was a greater

post-op LL (60.30 vs. 56.88 deg, p =.034) and smaller post-

op PI-LL mismatch (-0.72 vs. 4.03 deg, p =.010) in the

SPLS cohort compared to the Flip cohort. Furthermore,

there were greater changes in LL (4.23 vs. 0.43 deg, p

=.005) and changes in PI-LL mismatch (-4.78 vs. -0.39 deg,

p =.002). A summary of radiographic outcomes is summa-

rized in (Table 5). TaggedEnd

TaggedPAs there remained significantly more smokers in the Flip

group compared to the SPLS group (12.90% vs. 25.81%, p

=.031) despite propensity matching, analysis was also com-

pleted excluding all smokers. The total number of patients

following exclusion of smokers was 228: 114 Flip and 114

SPLS. There were no demographic differences between the

cohorts. There was significantly more use of navigation or

robotic-guidance (7.69% vs. 51.25%; p <.001) and greater

degrees of interbody lordosis (13.21vs. 16.55; p <.001) in
the Flip group. Peri-op complications were similar between

the SPLS and Flip cohorts with the exception of the inci-

dence of post-op ileus, which was significantly less in the

SPLS group (0.00% vs. 9.65%, p =.001). No significant dif-

ferences were found in need for return to the ORs for any

reason. TaggedEnd
TaggedH2Sub-analysis by disc level TaggedEnd

TaggedPA sub-analysis of the 20 patients that underwent L4 −L5
fusion as a single level revealed 4 in the SPLS cohort and

16 in the Flip cohort. Patients were significantly older in the

SPLS compared to the Flip cohort (68.25 vs. 47.06, p

=.008). Otherwise, there were no differences in gender,

BMI, smoking, or diabetes. There was significantly shorter

OpTime (100.25 vs. 287.25 min, p <.001) and LOS

(2.00 vs. 3.63 days, p =.021) in the SPLS vs. the Flip cohort.

There was a trend towards smaller EBL (93.75 vs.

206.56 mL, p =.115) in the SPLS compared to the Flip

cohort. There was no difference in radiation dosage. There

was a trend towards decreased rate of ileus in the SPLS

cohort compared to the Flip cohort (0.00% vs. 37.50%, p

=.143). Otherwise, there were no differences in peri-op

complications between the two groups. There were no sig-

nificant differences in radiographic outcomes between the 2
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groups. The findings of the sub-analysis of L4 −L5 only

cases are presented in (Table 6).TaggedEnd

TaggedPA sub-analysis of 239 patients that underwent L5 −S1
fusion as a single level revealed 104 in the SPLS cohort and

135 in the Flip cohort. The SPLS cohort had a significantly

higher BMI (30.21 vs. 28.55, p = 0.010) and fewer smokers

(13.46% vs. 28.15%, p =.015). There were no significant

differences in age, gender, or diabetes. There was a signifi-

cantly less OpTime (113.15 vs. 254.88 min, p <.001), EBL
(109.19 vs. 221.04 mL, p <.001), and LOS (1.84 vs.

3.35 days, p <.001) in the SPLS cohort compared to the

Flip cohort. There was no difference in radiation dosage.

There were significantly fewer instances of ileus in the

SLPS cohort than the Flip cohort (0.00% vs. 7.41%, p

=.006). Otherwise, there were no significant differences in

peri-op complications or need for return to OR. There were

no significant differences in pre-op LL (56.76 vs.

56.96 deg, p =.905) or in PI-LL mismatch (2.99 vs.

4.35 deg, p =.454). However, post-op LL was significantly

higher (60.65 vs. 56.96 deg, p =.028) and post-op PI-LL

mismatch was significantly smaller (-1.93 vs. 4.42 deg, p

=.001) in the SPLS vs. the Flip cohort. The change in LL

(4.05 vs. 0.08 deg, p =.005) and change in PI-LL (-4.92 vs.

0.01 deg, p =.001) were significantly greater in the SPLS

cohort. The findings of the sub-analysis of L5 −S1 only

cases are presented in (Table 7).TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPSingle position lumbar surgery is a novel, minimally

invasive technique for circumferential fusion. It offers the

advantages of large interbody grafts under the compression

of the anterior column with the increased stability of poste-

rior fusion without the need for patient repositioning

[1,10,11]. It has been shown to have improved perioperative

complications compared with traditional circumferential

fusion with ALIF and/or LLIF with repositioning for PPSF.

In a large, multicenter study, the OpTime, EBL, LOS, and

rate of ileus were all decreased with SPLS compared with

Flip cohorts [1]. However, there were no prior large studies

directly comparing the safety profile of lateral ALIF single

position surgery with traditional supine ALIF with reposi-

tioning. The current study corroborated previous findings.

Both before and after propensity matching for levels fused,
 from ClinicalKey.com by Elsevier on May 23, 2025. 
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TaggedEndTable 6

Clinical and radiographic outcomes in single position L4-L5 lateral anterior lumbar interbody fusion (spls) vs. traditional supine anterior lumbar interbody

fusion with repositioning (Flip)

SPLS (N = 4) Flip (N = 16) p-value

Demographics Age (years) 68.25§8.99 47.06§13.34 .008

Gender (% female) 50.00% 56.25% .833

BMI 27.82§4.19 33.96§11.40 .311

Diabetes (%) 0.00% 0.00% .000

Smoker (%) 0.00% 18.75% .442

Procedural Outcomes Operative Time (minutes) 100.25§40.10 287.25§60.15 <.001
Length of stay (days) 2.00§0.82 3.63§1.20 .021

Estimated blood loss (mL) 93.75§51.54 206.56§131.36 .115

Radiation Dose (mGy) 17.45§10.44 29.04§15.90 .247

Complications and Returns to OR Ileus 0.00% 18.75% .348

Neuropraxia 0.00% 12.50% .456

Persistent Motor Deficit 0.00% 0.00% .000

Abdominal Bulge 0.00% 12.50% .456

Vascular Injury 0.00% 6.25% .608

Retrograde Ejaculation 0.00% 0.00% .000

Wound Complication 0.00% 6.25% .608

Surgical Site Infection 0.00% 0.00% .000

DVT/PE 0.00% 0.00% .000

Return to OR within 90 days 0.00% 0.00% .000

Radiographic Outcomes Preoperative LL (deg) 60.08§8.92 55.14§12.66 .478

Postoperative LL (deg) 63.15§10.08 59.29§9.23 .475

Change LL (deg) 3.08§4.16 4.15§8.82 .818

Preoperative PI-LL mismatch (deg) 10.17§4.25 1.27§20.64 .505

Postoperative PI-LL mismatch (deg) 8.17§8.22 2.57§11.23 .524

Change PI-LL mismatch (deg) -2.00§4.36 1.30§10.07 .63

mL, milliliters, mGY, milligray; DVT, deep vein thrombosis; PE, pulmonary embolism; OR, operating Room; LL, lumbar lordosis; PI, pelvic incidence;

deg, degrees.
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lateral ALIF SPLS found decreased OpTime (132.95 vs.

261.79 min, p <.001), EBL (120.44 vs. 224.29 mL, p

=.001), and LOS (2.07 vs. 3.47 days, p <.001) in the SPLS

cohort compared to the Flip cohort. Furthermore, there was

a decreased rate of ileus in the lateral ALIF SPLS cohort

compared with the supine ALIF Flip cohort (0.00% vs.

6.45%, p =.005), as discussed in detail below. There were

no differences in other perioperative outcomes or complica-

tions, suggesting that lateral ALIF SPLS has a similar com-

plication profile to traditional supine ALIF Flip surgeries. TaggedEnd

TaggedPA direct examination of lateral versus supine ALIF cir-

cumferential fusion is important because of the unique

safety profile of ALIF procedures. The rate of vascular

injury in traditional ALIF has been reported in the literature

as between 1% −24% [2,5,7]. In the lateral position, the

vessels will translate under the influence of gravity and

may be more difficult to adequately mobilize the high-sided

vessel. Given that vessel injuries may occur during expo-

sure, mobilization, and retraction of the iliac vessels and

branches, it is important to understand if performing ALIF

in the lateral position poses increased risk [5,12]. This study

found no increased instance of vascular injury with the lat-

eral ALIF SPLS cohort compared to traditional supine

ALIF (1.61% vs. 1.61%, p =.960). This was true in L4 −L5
(0.00% vs. 6.25%, p =.608) and L5 −S1(0.96% vs. 2.22%,

p =.486) subgroups as well. While there is no increased risk

of vascular injury with lateral ALIF SPLS, it is important to
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understand that when vascular injuries do occur in the lat-

eral decubitus position, they may be more difficult to con-

trol given the surgical corridor and the fact that it is more

difficult for a co-surgeon to assist. Therefore, it may be

more appropriate to consider traditional supine ALIF in

patients where there is concern for challenging vascular

anatomy or revision interbody fusion, particularly with

prior BMP use.TaggedEnd

TaggedPThe abdominal wall and visceral contents may also be at

risk during ALIF procedures. While bowel injuries are rare,

they can be life threatening and difficult to diagnose intrao-

peratively [13]. Fortunately, they have low rates in conven-

tional ALIF (0.2%) [7]. In accordance, this study found no

overt bowel injuries in either cohort, though given the

extremely low incidence of this complication, this study

lacks sufficient power to fully analyze differences in the

risk of bowel injury. There was also no increased risk of

abdominal bulge in the SPLS group compared with Flip

cohorts (0.81% vs. 2.42%, p =.338), suggesting safety of

the lateral ALIF approach. Furthermore, it is important to

consider that patients who have had one or more prior

abdominal surgeries may be at increased risk of intraopera-

tive and postoperative complications with anterior expo-

sures due to scarring and adhesions [14,15]. TaggedEnd

TaggedPHigh rates of ileus have also been found with anterior

approaches to the spine due to significant peritoneal retrac-

tion [4]. The current study shows decreased rate of ileus
rom ClinicalKey.com by Elsevier on May 23, 2025. 
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TaggedEndTable 7

Clinical and radiographic outcomes in single position L5-s1 lateral anterior lumbar interbody fusion (SPLS) vs. traditional supine anterior lumbar interbody

fusion with repositioning (Flip)

SPLS (N = 104) Flip (N = 135) p-value

Demographics Age (years) 54.21§12.68 53.80§12.97 .808

Gender (% female) 56% 47% .201

BMI 30.21§4.94 28.55§4.87 .010

Diabetes (%) 11.54% 11.85% .924

Smoker (%) 13.46% 28.15% .027

Procedural Outcomes Operative Time (minutes) 113.15§49.33 254.88§79.26 <.001
Length of stay (days) 1.84§0.93 3.35§1.30 <.001
Estimated blood loss (mL) 109.195§231.82 221.04§231.20 <.001
Radiation Dose (mGy) 37.82§28.73 39.62§42.55 .815

Complications Ileus 0.00% 7.41% .006

Neuropraxia 0.00% 1.92% .096

Persistent Motor Deficit 0.00% 0.74% .393

Abdominal Bulge 0.00% 0.74% .393

Vascular Injury 0.96% 2.22% .486

Retrograde Ejaculation 0.00% 0.74% .393

Wound Complication 0.00% 0.74% .393

Surgical Site Infection 1.92% 0.00% .106

DVT/PE 0.96% 0.74% .819

Returns to OR Return to OR within 90 days 4.81% 5.19% .977

Central Decompression 0.00% 0.74% .393

Foraminal Decompression 1.92% 2.22% .925

Neurological Deficit 0.00% 0.74% .393

Irrigation and Debridement 0.96% 0.00% .240

Hematoma Evacuation 0.00% 0.74% .393

Instrumentation Revision 1.92% 2.22% .925

Radiographic Outcomes Preoperative LL (deg) 56.76§12.45 56.96§12.16 .905

Postoperative LL (deg) 60.64§12.03 56.96§11.75 .028

Change LL (deg) 4.05§11.73 0.08§8.01 .005

Preoperative PI-LL mismatch (deg) 2.99§11.35 4.35§9.92 .454

Postoperative PI-LL mismatch (deg) -1.93§11.82 4.42§9.33 .001

Change PI-LL mismatch (deg) -4.92§8.80 0.01§7.34 .001

mL, milliliters; mGY, milligray; DVT, deep vein thrombosis; PE, pulmonary embolism; OR, operating Room; LL, lumbar lordosis; PI, pelvic incidence;

deg, degrees.
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with SPLS compared with Flip surgeries (0.00% vs. 6.45%,

p =.005). This is in accordance with prior literature showing

decreased incidence of ileus with SPLS [1]. There are sev-

eral reasons the authors suggest for the decreased ileus rate

in the lateral position. First, anterior migration of the retro-

peritoneal organs in the lateral decubitus leads to decreased

bowel manipulation and retraction time [1,13]. Second,

shorter OpTime results in decreased doses of anesthetic and

opiate agents. Third, the prone position with traction from a

suspended abdomen can be avoided [1].TaggedEnd

TaggedPThe superior hypogastric plexus is also at risk for injury,

which can lead to retrograde ejaculation [7]. It is found to

the left of midline and crosses over the front of the L5 −S1
body, where it is at risk during ALIF approaches [5,7,12].

The risk has been reported to be between 0 −22.5% in tradi-

tional supine ALIF [5,6,8,12,16]. The rate of RE in this

study was low in both SPLS and Flip cohorts (0.00% vs.

0.81%, p =.328) without increased instance when perform-

ing SPLS. TaggedEnd

TaggedPIn addition to improved perioperative outcomes, lateral

ALIF SPLS is as effective as traditional supine ALIF Flip

surgeries in correction of sagittal alignment. Despite the
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fact that there were no differences in pre-op LL or in PI-LL

mismatch, the post-op LL was significantly greater

(60.30 vs. 56.88 deg, p =.034) and PI-LL mismatch was sig-

nificantly smaller (-0.72 vs. 4.03 deg, p =.010) in the SPLS

cohort compared to the Flip cohort. The change in LL

(4.23 vs. 0.43 deg, p =.005) and change in PI-LL mismatch

(-4.78 vs. -0.39 deg, p =.002) were significantly greater in

the SPLS group. Prior studies have found greater post-op

LL and smaller PI-LL mismatch in SPLS compared to Flip

cohorts. However, increased changes in LL and PI-LL mis-

match were not found to be significantly greater in the prior

study [1]. The discrepancy may be due to the fact that the

current study deals exclusively with ALIF while the prior

study examines both ALIF and LLIF SPLS. The average

interbody lordosis was higher in the Flip group (16.03 vs.

13.31 degrees; p <.001), as such the difference was unlikely
due to differences in interbody selection. While these find-

ings are statistically significant, they are likely not clinically

significant as both groups showed LL and PI_LL mismatch

within the normal ranges. Additionally, this study included

patients undergoing circumferential fusion for degenerative

pathologies and did not include a spinal deformity cohort.
 from ClinicalKey.com by Elsevier on May 23, 2025. 
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As such, the likelihood of mal-alignment was low postoper-

atively. Importantly, this study only compared radiographs

at 90-days follow-up and may not persist long term. As

such, this finding should be interpreted as equivalent radio-

graphic outcomes between lateral and supine ALIF at short-

term follow up.TaggedEnd

TaggedPSub-analyses of L4-L5 or L5-S1 single level ALIF

with PPSF revealed similar results to the comparison of

overall cohorts. While the L4-L5 analysis is limited by a

small sample size (N = 20), there were still significant

improvements in OpTime and LOS in the SPLS versus

the Flip cohort with trends towards smaller EBL and

decreased rates of ileus. The L5-S1 subgroup also

revealed significant improvements in peri-op outcomes

and rates of ileus in the SPLS cohort. This suggests that

lateral ALIF SPLS is a suitable technique for both L4-L5

and L5-S1. This has not been previously investigated in

existing literature. TaggedEnd

TaggedPThis study is limited due to its retrospective nature,

which has inherent risk of selection bias. There are no sug-

gestions that less technically challenging cases were

selected in the SPLS group, given that they had similar age,

BMI, and radiological parameters. Propensity matching

was completed to ensure that demographic and procedural

characteristics were similar between groups. Despite pro-

pensity matching, there remained more smokers in the Flip

group. There is evidence that smoking is a risk factor for

development of medical complications, including ileus,

after spine surgery [17]. As such, in order to ensure that

smoking was not the significant factor leading to decreased

ileus in the SPLS cohort, smokers were excluded from the

analysis. There remained significantly less in the SPLS

group (0.00% vs. 9.65%, p =.001). As such, it is more likely

that the single position lateral procedure itself accounts for

the decreased rate of ileus. TaggedEnd

TaggedPDespite accounting for demographic differences, it is not

possible to completely account for all differences in surgi-

cal decision making in this retrospective, multicenter study.

Patients with aberrant vascular anatomy may be more likely

to be selected for Flip procedures, whereas patients with

significant medical comorbidities may be more likely to be

selected for SPLS procedures that avoid the prone position.

Individual surgeon preference as well as learning curve and

availability of exposure surgeons trained in lateral ALIF

also may affect patient selection and exhibited changes

over time. As such, there were different proportions of

SPLS and Flip cases at each institution. It is possible that

this accounts for some of the difference in perioperative

outcomes. However, prior multi- and single-center studies

have consistently shown significant reductions in operative

time, blood loss, and perioperative safety with single posi-

tion ALIF or LLIF versus FLIP cases [18,19,1]. Given this,

and combined with the fact that experienced surgeons per-

formed all procedures at all centers, it is likely that small

differences from center to center have a minimal confound-

ing effect. TaggedEnd
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TaggedPAdditionally, the rate of BMP usage was greater in the

Flip compared to the SPLS group. This may be a confound-

ing factor, as some studies have shown that BMP is corre-

lated with higher rates of retrograde ejaculation, graft

subsidence and migration in anterior lumbar interbody

fusion [20,21]. However, the instance of RE and graft subsi-

dence or migration was low amongst both groups in this

study and, therefore, unlikely to influence results. While

BMP use has been associated with complications such as

radiculopathy, wound infections, and seromas in posterior

or transforaminal lumbar interbody fusion and neurological

complications in cervical fusions, these complications are

not frequently described with BMP use in ALIF procedures

[20,22,23]. Therefore, the authors do not expect that BMP

has had a significant effect on the perioperative complica-

tion profile of the Flip cohort. TaggedEnd

TaggedPAdditionally, robot-guidance was used in a higher pro-

portion of Flip cases (28.81% vs. 47.58%; p <.001). It has
been previously noted that robotic use is unlikely to account

for differences in perioperative outcomes and complications

between Flip and SPLS cases [24,1]. Furthermore, the pos-

terior portion of the case is unlikely to influence the unique

complication profile of the ALIF approach. Analysis of sur-

geon learning curve was not included in the current study,

and cases early in the surgeon experience with the new

technique were included. Rates of perioperative complica-

tions may decrease in later experience. Analysis of postop-

erative opioid usage and the relationship to postoperative

ileus was also beyond the scope of the current study and

should be the subject of further investigation. Lastly, this

study assesses perioperative outcomes, but does not include

long-term differences between the two techniques. Prospec-

tive and longer-term studies to assess the efficacy of this

novel technique are warranted. TaggedEnd
TaggedH1Conclusions TaggedEnd

TaggedPThe findings suggest that lateral ALIF SPLS is a safe and

effective alternative to traditional supine ALIF with reposi-

tioning for circumferential fusion. It shows improved peri-

operative outcomes including OpTime, EBL, LOS, and

decreased rates of ileus without compromising sagittal cor-

rection. There were no increases in perioperative complica-

tions including vascular injuries, abdominal wall defects, or

in retrograde ejaculation. TaggedEnd
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