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Abstract:

Introduction: An anterior surgical approach for severe infectious spondylodiscitis in the lumbar region is optimal but not
always atraumatic. The aim of this study was to evaluate the efficacy and safety of a minimal anterior-lateral retroperitoneal
approach, also known as a surgical approach for oblique lumbar interbody fusion, for cases with severe infectious spondy-
lodiscitis with osseous defects.

Methods: Twenty-four consecutive patients who underwent anterior debridement and spinal fusion with an autologous
strut bone graft for infectious spondylodiscitis with osseous defects were reviewed retrospectively. Eleven patients under-
went the minimal retroperitoneal approach (Group M), and 13 underwent the conventional open approach (Group C). Peri-
and postoperative clinical outcomes, that is, estimated blood loss (EBL), operative time (OT), creatine kinase (CK) level,
visual analog scale (VAS), and rates of bone union and additional posterior instrumentation, were evaluated, and the differ-
ences between both groups were assessed statistically.

Results: Mean EBL, serum CK on the 1" postoperative day, and VAS on the 14" postoperative day were 202.1 mL, 390.9
IU/L, and 9.5 mm in Group M and 648.3 mL, 925.5 IU/L, and 22.3 mm in Group C, respectively, with statistically signifi-
cant differences between the groups. There were no statistically significant intergroup differences in OT and rates of bone
union and additional posterior instrumentation.

Conclusions: Anterior debridement and spinal fusion using the minimal retroperitoneal approach is a useful and safe sur-
gical technique. Although a preponderance of the minimal approach regarding early bone union is not validated, this tech-
nique has the advantages of conventional open surgery, but reduces blood loss, muscle injury, and pain postoperatively.
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Introduction

The incidence of infectious spondylitis is increasing
among elderly individuals because of population aging and
an increase in the number of patients with multiple comor-
bidities'”. The most frequent focus of this lesion is the ver-
tebral endplate, which then invades the intervertebral disc
space owing to its vascular anatomy*®. Anterior lumbar sur-
gery is an option for the management of destructive and in-
fectious spondylodiscitis. This technique offers great expo-
sure of the vertebral body and surrounding inter- and prever-

tebral spaces”; however, it demands highly technical skills
with a large skin incision, especially when performing ante-
rior open debridement or spinal fusion for a large osseous
defect. This large skin incision is paramount to obtaining an
adequate working space, which is normally deep, narrow,
and with poor illumination. This approach also has the po-
tential risk of complications such as vascular, colon, lumbar
plexus, and pneumothorax injury with substantial blood loss.
Furthermore, patients with multiple comorbidities undergo-
ing major surgery often experience postsurgical complica-
tions, including relapse of infection, wound dehiscence,
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Table 1. Severity Grade of Spondylodiscitis Described by Pee et al.'”
Grade Definition
I Isolated discitis or discitis with minor destruction of the endplate
I Discitis with moderate endplate destruction
I Discitis with destruction of the vertebral body

The differentiation between “minor” and “moderate” destruction to the endplate is

based on findings of the destruction of the vertebral body adjacent to the endplate not-

ed on computed tomography scans. Destruction of the posterior or anterior wall of the

vertebral body is defined as grade III.

pseudarthrosis, and instrumentation failure".

To avoid major complications in anterior open surgery, a
minimal anterior-lateral retroperitoneal approach, which is
based on the method for oblique lumbar interbody fusion
(OLIF) surgery, has been attracting attention. An X-ray fluo-
roscopy device and a specialized retractor for OLIF enable
one to access intervertebral space anterior-laterally via be-
tween the aorta and the anterior edge of the psoas muscle
more directly, resulting in a reduced risk of lumbar plexus
injury, vascular injury, and damage to the paraspinal muscu-
lature and posterior elements®*”. We hypothesized that this
OLIF approach could be suitable even for cases with a large
bone defect following infectious spondylodiscitis. In this
study, we evaluated the efficacy and safety of lumbar de-
bridement and spinal fusion surgery with an autologous strut
bone graft using the minimal retroperitoneal approach for
cases with severe infectious spondylodiscitis in comparison
to conventional anterior open surgery.

Materials and Methods

This was a retrospective case series study of patients who
underwent anterior spinal fusion surgery at a single center
between April 2011 and March 2018. This study was ethi-
cally approved by the Research Ethics Committee of our in-
stitution. A total of 45 consecutive patients who underwent
anterior spinal debridement and fusion with an autologous
strut graft for destructive spondylodiscitis in the lumbar re-
gion following tuberculous spondylodiscitis (TS) or pyo-
genic spondylodiscitis (PS), with a severity grade of II or III
(Table 1) according to the imaging study'”, were eligible for
this study. Of these 45 patients, patients treated with an an-
terior intervertebral cage, spacer, or any other anterior in-
strumentation were excluded. As a result, 24 patients were
selected and divided into two groups according to the surgi-
cal procedure: 11 patients in the minimal retroperitoneal
OLIF approach group (Group M), and 13 in the conven-
tional anterior open approach group (Group C). The conven-
tional open approach was applied until April 2014. Thereaf-
ter, the minimal retroperitoneal approach was applied. The
minimum postsurgery follow-up period was 12 months.
Peri- and postoperative clinical outcomes, that is, age, sex,
amount of estimated blood loss (EBL), operative time (OT),
creatine kinase (CK) level at the 1" postoperative day, visual
analog scale (VAS) at the 7" and 14" postoperative days,

rate of bone union, recurrence, and history of any additional
surgery, were evaluated retrospectively from medical charts.
Bone union was assessed by lateral dynamic radiography or
computed tomography (CT) findings following primary sur-
gical treatment. The criteria for radiological assessment of
bone union were as follows: (1) More than 3° of motion on
flexion-extension in the radiograph was considered to indi-
cate nonunion. (2) Nonunion was defined as the presence of
a visible gap between the vertebral endplate and the harvest
bone on a radiograph and/or a CT image'". Clinical out-
come was evaluated using the Japanese Orthopedic Associa-
tion (JOA) scores at baseline and final follow-up. The recov-
ery rate was calculated as the following formula: (postopera-
tive score—baseline score)/(29 [full score]-baseline score)x
100 (%)". The differences between both groups were as-
sessed by Fisher’s exact test for categorical variables and the
unpaired ¢ test for continuous variables with the use of
Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA). A
value of P<0.05 was considered to be statistically signifi-
cant.

Surgical procedure

In Group M, patients were positioned in the lateral decu-
bitus position. A 5-cm skin incision was made at the lateral
abdominal region, at the anterior axillary line and centered
on the affected disc level. This incision was parallel to the
fibers of the external oblique muscle and 5 cm anterior to
the anterior border of the vertebral body. The external
oblique, internal oblique, and transverse abdominal muscles
were then dissected along the direction of their fibers. The
retroperitoneal space was accessed by blunt dissection, and
peritoneal content was mobilized anteriorly. The psoas mus-
cle and genitofemoral nerve were identified and mobilized
posteriorly, whereas the aorta, sympathetic chain, and ureter
were mobilized anteriorly. Subsequently, the intervertebral
disc was exposed through this open corridor. A Kirschner
wire (K-wire) was placed in the target disc space from the
anterolateral corner, and its position was confirmed under
fluoroscopy. Sequential dilators were placed over the K-wire
and finally followed by the self-retaining retractor. The re-
tractor was placed under illumination to ensure a bright op-
erating field.

In Group C, patients were positioned in the lateral decubi-
tus position on an operating table that was flexed to increase
exposure between the 12" rib and iliac crest. An oblique in-
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Table 2. Clinical Details of the Minimal Retroperitoneal Approach Group (Group M).

Case Follow-up

Additional Posterior

No. Age (years)/Sex (months) Diagnosis  Level Grade Instrumentation
1 84/M 44 TS L4/5 I +: Delayed Union
2 71M 36 PS L3/4 I -
3 61/F 48 PS L2/3/4 I -
4 76/M 48 PS L4/5 I -
5 49/M 30 TS L3/4 I +: Delayed Union
6 63/F 31 PS L4/5 I -
7 53/ M 24 PS L3/4 I -
8 81/M 28 PS L3/4 I +: Delayed Union
9 83/M 24 TS L4/5 I -
10 S51/F 20 PS L4/5 I -
11 61/M 24 PS L2/3 IIx +: Recurrence
n=11 67.2+13.4 32.5+10.1 4 (36.4%)

TS: tuberculous spondylodiscitis; PS: pyogenic spondylodiscitis

Table 3. Clinical Details of the Conventional Anterior Open Approach Group (Group C).

?\?;e Age (years)/Sex F((r)r?(;)rrt/f;s)p Diagnosis Level Grade A%ﬁﬁ;ﬁis&i;sﬂ“
1 50/M 34 TS L3/4 I -
2 76/M 45 PS L4/5 I -
3 63/M 41 TS L4/5 I +: Delayed Union
4 48/F 12 PS L3/4/5 1 -
5 82/F 60 PS L4/5 11 -
6 34/F 39 TS L2/3/4 I -
7 54/M 23 TS L4/5 1T -
8 79/F 50 TS L3/4 I -
9 52/M 12 TS L4/5 1T -
10 69/'M 72 PS L2/3 11 -
11 71/M 12 TS L4/5 11 -
12 22/F 38 TS L4/5 I -
13 72/F 59 PS L3/4/5 1T +: Pseudarthrosis
n=13 60.5+17.8 38.2+19.5 2 (15.4%)
TS: tuberculous spondylodiscitis; PS: pyogenic spondylodiscitis
cision was made over the 12" rib from the lateral border of Results

the quadratus lumborum to the lateral border of the rectus
abdominus muscle; this incision was varied depending on
which portion of the lumbar spine was to be approached.
Subcutaneous tissue, fascia, and muscle of the external
oblique, internal oblique, transverse abdominus, and trans-
versalis fascia in line with the skin incision were divided,
and the retroperitoneal space was accessed. The psoas mus-
cle in the retroperitoneal space was identified and retracted
posteriorly to the level of the transverse process, whereas
retroperitoneal fat and the ureter were retracted anteriorly to
expose the involved vertebra.

In all cases, an autologous iliac crest bone graft was har-
vested according to the size of the bone defect. In two-level
fusion cases, patients underwent a single corpectomy and
discectomies craniocaudally. After debridement and se-
questrectomy, the bone graft was inserted orthogonally into
the defect in a press-fit manner.
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The study cohort consisted of 15 males and 9 females. In
Group M, the mean age and duration of follow-up were
67.2 (range 51-84) years and 32.5 (range 20-48) months, re-
spectively. Patient diagnoses and grades of severity were as
follows: TS in 3 patients, PS in 8, grade II in 9, and grade
III in 2, respectively. Ten patients underwent single-level fu-
sion, and only 1 patient underwent two-level fusion (Table
2). In Group C, the mean age and duration of follow-up
were 60.5 (range 34-82) years and 38.2 (range 12-72)
months, respectively. Patient diagnoses and grades of sever-
ity were as follows: TS in 8, PS in 5, grade II in 7, and
grade III in 6, respectively. Ten patients underwent single-
level fusion, and 3 patients underwent two-level fusion (Ta-
ble 3).

As shown in Table 4, the mean OT was lower in Group
M (162.9 min) than in Group C (174.6 min). EBL was sig-
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Table 4. Summary of Peri- and Postoperative Evaluations.

Group M (n=11)

Group C (n=13) P

Operative Time (min)
Estimated Blood Loss (mL)
Creatine Kinase at 1 POD (IU/L)
Visual Analog Scale (VAS)

VAS at | POW (mm)

VAS at 2 POW (mm)
Union Rate
Additional Posterior Instrumentation
JOA Recovery Rate (%)

162.9+34.1 174.6+48.0 0.23
202.1+161.4 648.3+569.8 <0.05
390.9+203.7 925.5+585.3 <0.05
18.0x10.6 24.2+12.9 0.11
9.5+10.4 22.3+11.5 <0.01

7 (63.6) 11 (84.6) 0.23

4 (36.4) 2(15.4) 0.36
57.6x10.9 50.8+14.8 0.11

Meanzstandard deviation or n (%)

POD: postoperative day; POW: postoperative week; JOA: Japanese Orthopedic Association

Bold values indicate statistical significance.

nificantly lower in Group M (202.1 mL) than in Group C
(648.3 mL). Serum CK on the 1" operative day was reduced
in Group M (390.9 IU/L) than in Group C (925.5 IU/L).
VAS at the 14" postoperative day was significantly lower in
Group M (9.5 mm) than in Group C (22.3 mm). Bone union
rates were 63.6% in Group M and 84.6% in Group C. Four
cases in Group M and 2 cases in Group C required addi-
tional posterior instrumentation for reinforcement of pseu-
darthrosis or recurrence of spondylodiscitis. There was no
statistical difference between the groups in JOA recovery
rates (Table 4).

Case presentation

The representative case of Group M (Case No. 7) was a
54-year-old male who had severe low back pain and was re-
ferred to our institute for PS at L3-4. CT revealed severe os-
teolytic changes of the endplates with invasion of the verte-
bral body; the severity of spondylodiscitis was classified as
grade II (Fig. 1A-C). The patient underwent lumbar interver-
tebral debridement and reconstruction surgery using the
minimal retroperitoneal approach followed by an autologous
iliac crest strut bone graft without posterior instrumentation.
OT was 160 min with an EBL of 95 mL. Culture of the se-
questrum revealed the presence of Pseudomonas aeruginosa
sp. Radiographic bony fusion was observed within 12
months without any recurrence of infection (Fig. 1D-F).

Discussion

In this study, we demonstrated the efficacy of a minimal
retroperitoneal approach for anterior spinal fusion with an
autologous strut bone graft for infectious spondylodiscitis.
This technique has an advantage over the conventional open
approach as it reduces blood loss, muscle injury, as evi-
denced by low CK levels, and VAS postoperatively.

An anterior approach to the lumbar spine offers consider-
able advantages”. First, the direct visualization of and effi-
cient access to the anterior column allow complete discec-
tomy, corpectomy, and debridement. Second, the placement
of the intervertebral graft in the anterior column redistributes

the load anteriorly to provide greater stability with a larger
vascular supply, thereby increasing the potential for fusion.
Third, there is reduced iatrogenic trauma to the paraspinal
musculature, posterior spinal nerves, and posterior bony ele-
ments. However, this technique is considerably invasive and
is not suitable for elderly patients with multiple comorbidi-
ties. To avoid the complications of anterior open surgery,
posterior percutaneous suction aspiration or/and endoscopic
surgery are performed instead, resulting in less invasion and
good clinical outcomes™®. These procedures can prevent
further progression of disease, provided that the damage to
the endplate is minor or moderate. However, the effective-
ness of posterior approach surgery is limited in cases with
spondylodiscitis with vertebral body destruction and large
osseous defects'”.

Oblique or direct lateral lumbar interbody fusions (LLIFs)
are now becoming major techniques, especially for the cor-
rection of sagittal and coronal plane spinal degenerative de-
formities. These techniques apply the minimal approach, the
efficacy of which has been demonstrated in various stud-
ies*''"®. The minimal approach can access the intervertebral
space via between the aorta and the anterior edge of the
psoas muscle with minimal risk of muscle and plexus injury.
The specialized cylindrical retractor with illumination and
X-ray fluoroscopy allows the LLIF procedure to be per-
formed correctly and safely in a less invasive manner. Al-
though rare, however, potentially lethal major vascular com-
plications during anterior approaches are possible. Fantini et
al. reported the incidence of injury to major abdominal ves-
sels at 2.9% in their retrospective analysis of 345 procedures
of conventional open anterior lumbar spinal surgery'. For
LLIF, compared with the supine position, the vascular struc-
tures move a significant distance away from the surgical
corridor when the patient is positioned in the lateral decubi-
tus position. Nonetheless, vascular injuries are still possible
and are probably among the most significant complications
of LLIF. Hijji et al. reviewed the overall incidence of vascu-
lar complications associated with LLIF as 0.81% out of
6819 patients with 11,325 levels fused™. Assina et al. re-
ported a fatal intraoperative injury to the great vessels dur-
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Figure 1.
the minimal retroperitoneal approach (Case No. 7) without posterior instrumentation. Osteolytic changes were seen

Computed tomography scans showing a representative case of pyogenic spondylodiscitis treated with

at the L3-4 intervertebral space (A-C). At 12 months after surgery, a solid intervertebral fusion was obtained (D-F).

ing an LLIF procedure. In the setting of a tubular retractor
system with a detachable nonfixed anterior blade, injury to
the posterior wall of the vena cava and the right iliac vein
confluence was caused™. As this approach gains more popu-
larity and wider usage among experienced and inexperienced
surgeons, the real potential for injury to the great vessels
must be recognized.

In our series, the clinical outcomes of the minimal ap-
proach were equal to those of conventional open surgery. In-
traoperative blood loss, CK, which indicates injury to the
psoas muscle fibers™, and postoperative pain were lower for
the minimal approach than for conventional surgery. Several
reports demonstrated the superiority of additional posterior
instrumentation for reinforcement in single anterior sur-
gery'****, Kanayama et al. reported the advantages of ante-
rior spinal reconstruction in cases with osteoporotic vertebral
collapse, and 80% of cases were successfully treated with
anterior surgery alone”. However, patients with multilevel
corpectomies and/or severe osteoporosis require posterior re-
inforcement. In the present study, 36.4% of the minimal ap-
proach group and 15.4% of the conventional group received
additional posterior instrumentations owing to delayed union
or the recurrence of spondylodiscitis. Given our results, we
are not able to strongly state a preponderance of the mini-
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mal approach regarding acquisition of early bony fusion.
Thus, in the presence of a larger bone defect, anterior bone
grafting alone would not be sufficient to restore and stabi-
lize the spinal column, warranting consideration for addi-
tional posterior instrumentation.

The limitations of this study were the small number of
patients included. Furthermore, this study was not a case-
controlled study that enabled comparisons between the
groups with similar baseline conditions, lacking the power
to demonstrate the conclusions properly. Although the statis-
tical power was limited, our findings supported clinical effi-
cacies of this minimal approach to some extent. Another
limitation was that patient-reported outcome measures were
not assessed, even though almost all patients had a satisfac-
tory clinical outcome. Further study with a randomized and
long-term prospective design is warranted to evaluate the ef-
ficacy of anterior surgery with the minimal approach.

Conclusion

Anterior debridement and spinal fusion with an autolo-
gous strut bone graft using a minimal retroperitoneal ap-
proach is a useful surgical technique that appears to be safe.
This technique has the advantages of conventional open sur-
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gery, but reduces blood loss, muscle injury, and VAS post-
operatively. However, the surgeon should have experience in
performing OLIF and carefully consider vascular injuries
and cases with delayed union requiring additional posterior
instrumentation.
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