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Background.  – Multiple  surgical  techniques  and  approaches  exist  to obtain  lumbar  interbody  fusion.
Anterolateral  (oblique)  is  a relatively  recent  technique.  Controversy  exists  for  its use  at  the  L5-S1  level.
We  performed  this  study  in order to show  the  safety  and  efficacy  of  this  technique.  The aim  of  this  study
was  to report  the  long-term  complications  and  fusion  rates  of  minimally-open  (mini-open)  anterolateral
interbody  fusion  at  the  L5-S1  level.
Methods.  – We  retrospectively  analyzed  all  patients  who  underwent  mini-open  anterolateral  interbody
fusion  for  L5-S1  level  in  our  department.  The  data  collected  were  the following:  age,  sex,  surgical  indi-
cation,  acute  (less  than  four  weeks)  and  long-term  complications  (>3  months),  fusion  at  six months  and
length  of  follow-up.
Results.  –  Seventeen  patients  (8  M/9F)  underwent  mini-open  anterolateral  interbody  fusion  at  L5-S1.
The  mean  age  was  64.5  years.  The  surgical  indication  was  scoliosis  in  10 cases,  flat  back  in  4 cases,  and
spondylolisthesis  in  3 cases.  All  patients  underwent  a complementary  posterior  procedure  that  included
fixation.  Mean  blood  loss  was  252.9  mL for the anterior  procedure.  Eight  acute  and  minor  complications
occurred  (anemia,  delirium,  and  psoas  paresis).  Two  acute  complications  required  surgical  intervention

(cage  displacement  and  hematoma).  Long-term  complications  were  observed  in 2 cases  and  included
proximal  junction  kyphosis  and  non-union.  The  fusion  rate  was  evaluated  at  88%.  The  mean  follow-up
period  was  28.3  months.
Conclusions. –  Mini-open  anterolateral  interbody  fusion  at the  L5-S1  level  is  safe  and  results  in  fusion  at  the
same  rate  as  anterior  interbody  fusion.  Most  acute  complications  are  minor  and  resolve  spontaneously.

©  2020  Elsevier  Masson  SAS.  All  rights  reserved.
. Introduction

The surgical treatment of scoliosis, degenerative disc disease
nd spondylolisthesis is based on lumbar fusion. Lumbar interbody
usion (LIF) can be obtained via three approaches: Posterior, ante-
ior and lateral. Posterior approaches include posterior LIF (PLIF)
nd transforaminal LIF (TLIF). Most surgeons are familiar with these
osterior approaches. They allow instrumentation and fusion in one

urgical stage [1–3].

Anterior approach (anterior LIF or ALIF) is a retroperitoneal
pproach that allows the best possible visualization of the inter-

∗ Corresponding author.
E-mail address: francis.ar@gmail.com (F. Abed Rabbo).

https://doi.org/10.1016/j.neuchi.2019.12.010
028-3770/© 2020 Elsevier Masson SAS. All rights reserved.
vertebral disc. Therefore, larger and more lordotic cages can be
employed. However, ALIF poses a risk of injury to the superior
hypogastric plexus and to the great vessels (aorta, vena cava).
Lesions to the superior hypogastric plexus are another approach-
related risk of ALIF that may  cause retrograde ejaculation in men
and dyspareunia in women [4].

Lateral approaches include direct LIF (DLIF) and anterolateral or
oblique LIF (OLIF). DLIF is a retroperitoneal trans-psoas approach
that poses a risk to the lumbar plexus [5]. OLIF is a retroperi-
toneal pre-psoas approach that was previously described in 2012
[6]. OLIF allows access to the intervertebral disc through a win-

dow limited by the psoas medially and the aorta and common iliac
artery laterally [7]. At the L5-S1 level, the common iliac vein and
the ilio-lumbar vein must be protected. Silvestre et al. [6] advised
against the OLIF L5-S1 approach due to its high vascular risk and

https://doi.org/10.1016/j.neuchi.2019.12.010
http://www.sciencedirect.com/science/journal/00283770
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neuchi.2019.12.010&domain=pdf
mailto:francis.ar@gmail.com
https://doi.org/10.1016/j.neuchi.2019.12.010
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he obstruction caused by the iliac crest. Based on current literature,
here are only a few case studies describing OLIF L5-S1 used in lum-
ar degenerative pathology. We  described, in a previous article [8],

 surgical corridor passing between the psoas and the great vessels
or L5-S1. The ilio-lumbar vein must be ligated before retracting the
ommon iliac vein. In another study [8], we reported the prelim-
nary results and complications of our technique. The objective of
his present study is to report the long-term complications of L5-S1
LIF.

. Materials and methods

A retrospective study of all adult patients (≥18 years) who
nderwent a mini-open anterolateral interbody fusion at L5-S1
ince 2013 was performed. Mini-open anterolateral interbody
usion L5-S1 was either done separately or in association with other
evels.

All patients gave their informed consent to undergo the proce-
ure after a thorough explanation of the risks and benefits of the
urgery. Ethics Committee approval was obtained to perform the
tudy. The approval code was CER 19.102-MJB.

The collected data were as follows: demographics (age and sex),
athology leading to surgical indication, the type of procedure,
he association with posterior fixation, the operating time, Amer-
can Society of Anesthesiologist (ASA) score, blood loss, length of
ospital stay, acute complications (<1 month) and long-term com-
lications (>6 months).

Radiological data collected were pelvic incidence, sacral slope,
elvic tilt, preoperative and postoperative L5-S1 lordosis, preoper-
tive and postoperative lumbar lordosis and sagittal vertical axis as
ell as the fusion rates according to the Lenke classification [9].

.1. Surgical technique

The technique was thoroughly detailed in our previous article
8].

The patient is placed in the right lateral decubitus position with
he left hip flexed (psoas relaxation). The approach was performed
sing the synframe retractor (Synthes®). A skin incision of 4–5 cm

ong was made anterior to the anterior superior iliac spine at the
evel of the lateral radioscopic projection of L5-S1. The muscles of
he abdominal wall are then identified. The muscle layers (external
blique, internal oblique and transverse muscle) are opened by sep-
rating the muscles’ fibers without cutting them. After dissecting
nd opening the abdominal muscles, the peritoneum is exposed.
t was dissected and shifted following the interior aspect of the
bdominal wall. Then the retroperitoneal space was  reached. The
soas was found laterally and the iliac vessels medially. It is impor-
ant to gently dissect the fat at the L5-S1 level. This fat contains
he ilio-lumbar vein that arises from the superior aspect of the
ommon iliac vein and receives the lateral lumbar venous collat-
rals from the abdominal wall. There are important variations in
he anatomy of the vein [10]. In some cases, the ilio-lumbar vein
eceives direct collaterals from the vena cava. The ilio-lumbar vein
ust first be located and then ligated. Once this vein is ligated

nd cut, the retraction of the iliac vein can be performed safely. An
ppropriate working window is then developed between the psoas
aterally and the iliac vessels medially. The ureter is shifted anteri-
rly along with the peritoneum. The level is verified by fluoroscopy.
he synframe retractor is then installed. After proper discectomy, a

age of proper size is inserted under fluoroscopy (Cougar Synthes®)
lled with acellular cancellous bone that is previously soaked with
he patient’s blood. No bone morphogenetic proteins (BMP) were
sed.
rurgie 66 (2020) 85–90

All patients underwent posterior instrumentation: percuta-
neous or open if a Smith Peterson osteotomy was required to
achieve the desired lumbar lordosis.

2.2. Statistical analysis

The statistical analysis was  performed using Microsoft Excel®.

3. Results

3.1. General Clinical Data

Seventeen patients (8 males and 9 females) underwent mini-
open anterolateral interbody fusion at L5-S1 in our center (Table 1).
The mean population age was  64.5 years (45–77 years). The patients
suffered from scoliosis in 10 cases, flat back in 4 cases, and spondy-
lolisthesis in 3 cases. They presented central and foraminal stenosis
that required decompression that presented with neurological
claudication. Moreover, some patients presented an unbalanced
spine that caused severe back pain and thus required correction.
All these patients underwent a multiple level OLIF. Two patients
presented an isolated lytic spondylolisthesis that was  treated by
OLIF at L5-S1. All patients underwent a posterior fixation by pedi-
cle screws. The posterior fixation was  performed during the same
surgical time in twelve patients.

Two radiological case-reports are presented in Figs. 1 and 2.
The mean length of hospital stay was  11 days (2–24 days). Six

patients went to a rehabilitation center after surgery. Long hospi-
tal stays were related to the delays of admission in rehabilitation
centers (mean delay for admission in these centers was 19 days).

3.2. Procedure data

The mean blood loss was  252.9 mL (100 to 650 mL)
(Table 1). The mean overall operating time was  283.5 minutes
(105–480 minutes). The mean operating time per level was
102.2 minutes (52–300 minutes). The mean ASA score was 2.3
(1–3).

3.3. Complications

3.3.1. Acute complications
Ten patients presented acute complications of various origins

(Table 1). Only two patients presented OLIF-related complica-
tions that required re-operation (cage displacement and infected
hematoma). Minor OLIF-related complications included psoas
paresis (3 patients) and ileus (1 patient). No ureteral lacerations
occurred in our series. Other minor complications included ane-
mia  (2 patients), pain (1 patient), screw misplacement without any
neurological or visceral complications (1 patient), postoperative
delirium (1 patient), and, pulmonary atelectasis (1 patient).

3.3.2. Late complications
Two patients presented late complications. The first patient

(patient no 3) presented a proximal junction kyphosis associated
with a non-union in L5-S1. The second patient (patient no 13) pre-
sented a non-union in L5-S1 with screw loosening.
The mean follow-up period was 28.3 months (6–59 months).
The remaining 15 patients presented excellent evolution with

regression of pain and improvement of their walking distance and
their ability to walk upright.
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Fig. 1. The patient was  a 75 years-old woman who presented neurological claudication and severe back pain. She underwent a L2-S1 OLIF associated with posterior fixation
T10-S1. Postoperatively the patient presented a good functional outcome. A. Preoperative anteroposterior lumbar X-ray. B. Preoperative lateral lumbar X-ray. C. Postoperative
anteroposterior EOS. D. Postoperative Lateral EOS. Notice the reduction of the deformity in the coronal and sagittal plane.
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Fig. 2. Computed tomography (CT) scan illustration of an L5-S1 

.4. Radiological data

.4.1. Fusion rates
The fusion rate was evaluated at 88% (grade A of Lenke Classifi-

ation) (Table 1).
.4.2. Angular data
OLIF was effective at restoring the lordosis at L5-S1 level

Table 2). The mean lordotic cobb angle gain was measured as 6◦

1–13◦).

able 1
his table summarizes the data of each patient in the series.

Patient Sex Age(Y) Diagnostic Operation Blood l

1 F 74 Scoliosis L1-L2 + L5-S1 100 

2  F 56 Flat back L3-L4 to L5-S1 100 

3  M 75 Flat back L2-L3 to L5-S1 200 

4  M 55 Kyphoscoloiosis L2-L3 to L5-S1 300 

5  M 66 Flat back L4-L5 to L5-S1 200 

6  F 45 Lytic spondylolisthesis L5-S1 200 

7  F 69 Lytic spondylolisthesis L5-S1 150 

8  F 55 Scoliosis L1-L2 to L5-S1 500 

9  F 63 Scoliosis L2-L3 to L5-S1 200 

10  F 77 Scoliosis L2-L3 to L5-S1 200 

11  M 66 Scoliosis L2-L3 to L5-S1 200 

12  F 64 Scoliosis L3-L4 to L5S1 300 

13  M 66 Kyphoscoloiosis L1-L2 to L5-S1 650 

14  M 68 Flat back L4-L5 to L5-S1 200 

15  M 68 Lytic spondylolisthesis L3-L4 to L5-S1 300 

16  M 64 Kyphoscoloiosis L3-L4 to L5-S1 400 

17  F 65 Scoliosis L1-L2 to L5-S1 100 

Average 8 M/9F 64.5 252.9 

Patient Sex Age(Y) Acute complications Long-term 

1 F 74 Screw misplacement (posterior fixation) No 

2  F 56 Compressive Hematoma that evolved to abscess No 

3  M 75 No Proximal Ju
4  M 55 No No 

5  M 66 Pain No 

6  F 45 No No 

7  F 69 Cage displacement No 

8  F 55 Anemia and Delirium No 

9  F 63 No No 

10  F 77 No No 

11  M 66 No No 

12  F 64 Psoas paresis No 

13  M 66 Pulmonary atelectasis without infection Non-union
14  M 68 Ileus No 

15  M 68 No No 

16  M 64 Psoas paresis No 

17  F 65 Anemia, psoas paresis No 

Average 8 M/9F 64.5 

R: operating room; ASA: American Society of Anesthesiologist; LOS: length of stay.
. Axial slice passing through L5-S1 disc. B. Median sagittal slice.

The surgery was successful in restoring lumbar lordosis in all
patients thus improving the global sagittal balance. The mean gain
of lordosis was 15.9◦ (0–49◦).

4. Discussion
OLIF is a relatively novel technique that allows anterior access
to the lumbar spine using a surgical window between the psoas
laterally and the great vessels (aorta and vena cava, iliac vessels)
medially [7]. Therefore, it minimizes the risk of injury to the lumbar

oss(mL) OLIF OR time(Minutes) OR time per level(Minutes) ASA score

105 52.5 3
340 113.3 2
230 57.5 2
210 52.5 2
205 102.5 2
300 300.0 1
195 195.0 3
480 96.0 2
345 86.3 3
390 97.5 2
300 75.0 3
330 110.0 2
375 75.0 3
165 82.5 2
260 86.7 2
280 93.3 3
310 62.0 2
283.5 102.2 2.3

complications Fusion achieved Follow-up-period LOS (D) Orientation

Yes 19 24 R. Center
Yes 29 3 Home

nction Kyphosis (PJK) No 27 4 Home
Yes 8 15 Home
No 14 9 Home
Yes 59 2 Home
Yes 58 16 R. Center
Yes 15 17 R. Center
Yes 31 14 Home
Yes 25 13 R. Center
Yes 30 7 Home
Yes 27 4 Home

 No 58 19 R. Center
Yes 6 6 Home
Yes 23 5 Home
Yes 30 22 R. Center
Yes 23 9 Home
88% fusion 28.3 11.1
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Table  2
This table shows the angular values for each patient in the series.

Patient PI SS pre-OP SS post-OP PT pre-OP PT post-OP

1 61.00 25.00 32.00 36 29
2  43.00 17.00 17.00 26 26
3  49.00 10.00 22.00 39 27
4  30.00 15.00 15.00 15 15
5  62.00 38.00 28.00 24 34
6  77.00 40.00 40.00 37 37
7  61.00 32.00 33.00 29 28
8  55.00 20.00 36.00 35 19
9  60.00 20.00 26.00 40 34
10  48.00 28.00 28.00 20 20
11  65.00 33.00 41.00 32 24
12  60.00 45.00 17.00 15 43
13  50.00 20.00 14.00 30 36
14  35.00 12.00 17.00 23 18

Patient LL pre-OP LL post-OP LL gain L5-S1 L pre-OP L5-S1 L post-OP L5-S1 L gain SVA pre-OP(mm) SVA post-OP(mm)

1 33.00 44.00 11.00 4.00 8.00 4.00 101.00 66.00
2  19.00 27.00 8.00 0.00 7.00 7.00 60.00 15.00
3  −8.00 30.00 38.00 0.00 7.00 7.00 100.00 50.00
4  −5.00 15.00 20.00 8.20 12.00 3.80 80.00 61.00
5  36.00 37.00 1.00 4.00 6.00 2.00 86.00 0.00
6  53.00 58.00 5.00 4.00 13.00 9.00 20.00 19.00
7  48.00 52.00 4.00 0.00 9.00 9.00 72.00 68.00
8  −11.00 30.00 41.00 13.00 14.00 1.00 68.00 28.00
9  29.00 38.00 9.00 11.00 14.00 3.00 0.00 −25.00
10  33.00 45.00 12.00 6.00 9.00 3.00 63.00 50.00
11  12.00 61.00 49.00 2.00 12.00 10.00 170.00 67.00
12  47.00 47.00 0.00 9.00 15.00 6.00 12.00 12.00

8.00
13.0
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13  −6.00 35.00 41.00 7.00 

14  19.00 20.00 1.00 0.00 

I: pelvic incidence; SS: sacral slope; OP: operation; PT: pelvic tilt; LL: lumbar lordo

lexus and the great vessels. Since the patient is installed in a lat-
ral position, the peritoneal sac easily reclines due to gravity. OLIF
rovides excellent access to the intervertebral disc with minimal
isk. Moreover, in case of failed back surgery syndrome and inad-
quate foraminal decompression, OLIF is an excellent choice that
ermits indirect decompression without revision of the posterior
ite [11].

At L5-S1 level, OLIF can be challenging due:

to the prominence of the iliac crest and ilium and due;
to the difficulty of shifting the iliac vessels [6].

Silvestre et al. [6] advised against OLIF L5-S1 in favor of either
nterior or posterior approaches. ALIF at L5-S1 may  require less
obilization of the great vessels depending on the anatomy of the

ifurcation of the aorta and vena cava. In patients requiring mul-
iple LIF (kyphoscoliosis, scoliosis with coronal imbalance), OLIF
5-S1 is interesting since it allows fusion of the entire lumbar spine
hrough one incision and a single procedure. In order to circum-
ent the difficulties described by Silvestre et al. [6], we  developed

 new technique that allows safe retraction of the iliac vessels. In
rder to safely retract the left common iliac vein, the ilio-lumbar
ein must be dissected and ligated. This vein is present in the
etroperitoneal fat on the lateral aspect of the L5-S1 disc [8]. There-
ore, the surgical window in our technique remains the same as
or other levels: between the iliac vessels medially and the psoas
aterally.

Most articles [12–15] that describe their experience with OLIF at
5-S1 level, use a surgical corridor medial to the iliac vessels. Some
uthors [14] tilt the table so the patient becomes almost supine or
orsal decubitus. In our opinion, these authors do not use a true

LIF surgical corridor but a modified ALIF corridor for L5-S1. Con-

equently, comparing their results to ours should be interpreted
ith caution. We found only one study [4] that employs the same

urgical corridor or approach as ours.
 1.00 223.00 80.00
0 13.00 30.00 30.00

5-S1 L: L5-S1 lordosis; SVA: sagittal vertical axis.

Reported acute complications of OLIF are minor and rare [6,16].
Silvestre et al. [6] reported the largest cohort study of OLIF. The most
common complication was incisional pain (2.2%), followed by sym-
pathetic chain injury (1.7%) [6]. There was  no reported abdominal
herniation or lesions to the superior hypogastric plexus. Their study
only included 6 patients with L5-S1 OLIF. The number of patients
with OLIF at L5-S1 was small due to the difficulty in retracting the
iliac vein and ilio-lumbar vein. Chang et al. [17], reported a case with
a ventral dural tear due to trial cage misplacement that required a
posterior approach to repair it. Chung et al. [4], who employed a
surgical corridor lateral to the iliac vessels, reported no acute com-
plications after mini-open anterolateral interbody fusion for L5-S1
for six patients.

In our series, we reported acute minor complications in 8
patients. Psoas paresis regressed completely within 3 months.
Other minor complications (anemia, delirium and pain) regressed
with adequate treatment within one week.

Two  patients had severe acute complications that required sur-
gical intervention. Secondary cage displacement caused a sever
nerve root compression in one patient. An acute infected hematoma
caused pyelonephritis due to obstruction of the ureter in another
patient. These two  patients had a good late evolution.

Reported late complications are primarily related to sagittal
imbalance that causes strain on the posterior fixation and non-
union of the arthrodesis. In our series, we  reported two cases of
non-union that required surgical revision.

Our fusion rate was evaluated at 88% (grade A of Lenke clas-
sification [9]). This fusion rate was  concordant with the values
reported in the literature (84–100%) [16]. Moreover, this fusion
rate is similar to the fusion rates without BMP  of L5-S1 ALIF 93.1%
(range, 77.2–98.2%), but slightly lower than L5-S1 TLIF 99.3% (range,
96.7–99.8%) [18]. This comparison of fusion rates should be inter-
preted with caution because of the small number of cases in our

series. It is important to emphasize that we achieved a high fusion
rate using only bone substitutes that were soaked in autologous
blood. This technique was also employed by Silvestre et al. [6].
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Reported mean follow-up of OLIF using a surgical corridor lateral
o the iliac vessels is less than 18 months [4,6]. Our mean follow-
p period was 28.3 months (6–59 months). The follow-up period

n our series remain the longest published to date.
Reported blood loss for OLIF varied from 67.8 to 260 mL  and

uration from 55 to 145 minutes [16]. In our series, blood loss is
oncordant with that reported in the literature. However, our oper-
ting time is above published time. This may  be explained by the
mportant anatomical variation of the location of the ilio-lumbar
ein that increased the dissection time.

Hospital length of stay was reported at 7.1 ± 3.5 day by Silvestre
t al. [6]. Our mean hospital length of stay was 11 days (2–24 days).
his high hospital length of stay may  be explained by performing
osterior fixation in two separate surgical times in twelve patients
s well as by the delays of obtaining admission to a rehabilitation
enter.

This study has a few limitations. Since it was a retrospective
tudy, it was difficult to quantify the pain and walking distance
mprovement with validated functional scores or pain scales. More-
ver, the study was purely descriptive since there was  not any
ontrol group (patients who underwent PLIF/TLIF or ALIF).

However, this series consolidates the idea that OLIF remains a
afe and effective way to treat lumbar pathologies even for the L5-
1 level. Since the population of this study is small, further studies
re required to fully ascertain long-term results and complication
f mini-open anterolateral interbody fusion for L5-S1 level.

. Conclusion

This is the first study, to our knowledge, to report late results and
omplications of mini-open anterolateral interbody fusion at L5-S1
sing a lateral corridor to the iliac vessels. Also, it has the longest
ollow-up period yet to be reported for this approach. Our study
urther proves the safety and efficacy of mini-open anterolateral
nterbody fusion for L5-S1 level.
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