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Abstract
Purpose: The purpose of this study is to define an algorithm that will predict the success of
indirect decompression without the need for direct decompression in patients undergoing
lateral lumbar interbody fusions.

Methods and Materials: A prospective cohort study was undertaken for patients undergoing
indirect decompression with lateral lumbar interbody fusion. Patients had to meet the
following criteria prior to indirect fusion: lack of facet fusion on CT, absence of free disc
fragment or compressive facet joint cyst on MRI, absence of frank osteoporosis, lack of
congenital and/or severe spinal stenosis on MRI, and significant reduction (greater than 50%) in
leg and back pain at rest. We then assessed which patients at follow-up required a second stage
open decompression procedure because of continued back and/or leg pain.  

Results: Our series included 28 patients who underwent indirect decompression with extreme
lateral lumbar interbody fusion. Of the 28 patients, one patient required a second stage open
decompression at follow-up. The most common level operated on was the L4-L5 level. Twelve
patients underwent more than a single level fusion. Average preoperative lumbar lordosis was
29 degrees and average postoperative lordosis was 45 degrees. The average patient age was 66.3
years and average follow-up was 1.21 years.  

Conclusions: Our algorithm can be used as an aid to assess which patients may benefit from
indirect decompression alone, compared to indirect decompression combined with posterior
decompression procedures. 
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Introduction
Central canal stenosis, lateral recess stenosis, and foraminal stenosis occur as a result of
degenerative disc disease. Degeneration of the intervertebral discs in combination with disc
herniation and concomitant osteophyte formation of the adjacent vertebral bodies is a well-
known cause of stenosis in the lumbar spine. Spinal stenosis of any type is a well-known cause
of disability throughout the world.  

Open decompressive procedures, including laminectomy and foraminotomy, have been widely
used with success for the treatment of all types of lumbar stenosis [1]. However, traditional
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open surgical procedures require significant muscle dissection and disruption of the posterior
ligaments. Sometimes aggressive removal of the medial facet is necessary to adequately
decompress the nerve in foraminal stenosis; as a result, iatrogenic instability may occur
necessitating second stage fusion procedures. In addition, decompression procedures by
themselves do not restore disc height.

An alternative to open decompression is indirect decompression. With the advent of minimally-
invasive lateral lumbar interbody devices, the height of the disc space can now be restored. Cage
placement increases foraminal height without the need for direct decompression. Several
authors have looked at the use of indirect decompression as an alternative to open
laminectomy or foraminotomy. Many of these surgeons have found significant benefit to
indirect decompression [2-5]. Numerous radiographic studies have shown significant
improvement in foraminal height, posterior disc height, and thecal sac area with indirect
decompression [2, 4-8].

Despite numerous papers discussing the benefits of indirect decompression, there has yet to be
an algorithmic approach to the use of this technology. In this paper, we developed an algorithm
that can be used to select patients that we feel will best benefit from an initial trial of indirect
decompression. We discuss two cases, one an ideal case for indirect decompression, and the
other, a poor choice for indirect decompression based on our algorithm. We also discuss our
series of patients who have undergone indirect decompression alone and discuss the cases in
our series that have required revision open decompression surgery for residual leg pain. 

Materials And Methods
A prospective cohort study was undertaken for patients undergoing indirect decompression
with a lateral lumbar interbody procedure. Patients had to meet the following criteria prior to
indirect fusion: (1) a lack of facet fusion on CT, (2) the absence of a free disc fragment or
compressive facet joint cyst on MRI, (3) the absence of frank osteoporosis (Z score -2.5 or less),
(4) the lack of congenital and/or severe spinal stenosis on MRI (defined as complete lack of CSF
signal on T2-weighted MRI), and (5) a significant reduction (greater than 50%) in leg and back
pain at rest. We then assessed which patients at follow-up required a second stage open
decompression procedure because of continued back and/or leg pain.  

The following demographic and clinical data were collected: age at the time of surgery, length
of follow-up, primary diagnosis at the time of surgery, levels fused, pre- and postoperative
lumbar lordosis, and the condition at follow-up were recorded.

The University of California at San Diego Internal Review Board approved this retrospective
study (approval #141173X). Signed informed patient consent was obtained from all patients at
the time of their treatment.

Results
Twenty-eight patients were identified who underwent primary lateral interbody fusion with the
goal of indirect decompression. There were 20 females and eight males. The average age of the
patients was 66.3 years (median 66.2 years). The average length of follow-up was 1.21 years
(range of nine days to 4.22 years, median 0.72 years) (Table 1).

Characteristic Statistics (% of total)

Total number of patients 28 (100%)
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Females 20 (71%)

Average / median age 66.3 / 66.3 years

Average / median length of follow up 1.21 / 0.72 years

Levels treated  

L1-L2 (alone) 0 (0%)

L2-L3 (alone) 0 (0%)

L3-L4 (alone) 3 (10.7%)

L4-L5 (alone) 13 (46.4%)

Two levels 3 (10.7%)

Three levels 4 (14.3%)

Greater than three levels 5 (17.9%)

Percutaneous pedicle screw fixation 21 (75.0%)

Lateral plate fixation 7 (25%)

TABLE 1: Demographics and Levels Fused

There were zero patients who underwent single-level fusions at L1-L2 or L2-L3. Three patients
underwent fusion at L3-L4 and 13 patients underwent fusion at L4-L5. Three patients
underwent fusion at two contiguous spinal levels, four patients underwent fusion at three
contiguous spinal levels, and five patients had fusions of more than three contiguous spinal
levels. For patients with both pre- and postoperative imaging available, the average
preoperative lumbar lordosis was 29 degrees and the average postoperative lumbar lordosis was
45 degrees (Table 1).

Only one patient required delayed decompression. This patient originally underwent an L4-L5
XLIF and had a delayed laminectomy at the same levels 1.3 years later for recurrent leg pain.
One patient had an adjacent level XLIF performed four years after his index case but did not
require direct decompression.

Discussion
Case illustrations                
Poor Patient Selection: 

The first patient is an 81-year-old female with a T-score of -2.6, severe lumbar stenosis on MRI,
fused facets on CT, and bilateral radicular symptoms. MRI revealed significant stenosis
secondary to L4-L5 spondylolisthesis (Figure 1). Preoperative x-rays showed poor bone quality
consistent with her known osteoporosis (Figure 2). Preoperative CT scan showed evidence of
fused facet joints.
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FIGURE 1: MRI of a Poor Candidate
This MRI shows features of a poor candidate for indirect decompression. Note the high-grade
central canal stenosis. 
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FIGURE 2: X-ray of Poor Candidate
Lateral x-ray shows osteopenia/osteoporosis, which can result in interbody subsidence and
need for concomitant direct decompression procedures. 

This patient is unlikely to obtain relief from indirect decompression alone. Her severe central
canal stenosis cannot be addressed by indirect decompression. Additionally, her poor bone
quality will likely result in subsidence of lateral interbody cages with resulting collapse of her
neural foramen. Furthermore, a fusion of her facet joints prevents indirect decompression of
her foramen. 

Strong Patient Selection: 

The second patient is a 43-year-old former triathlete in excellent health who presents with low
back pain and bilateral radicular pain. MRI revealed stenosis at the L4-L5 level secondary to a
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Grade I spondylolisthesis (Figure 3). Preoperative x-rays show good bone quality (Figure 4).
Preoperative CT scan did not show evidence of fused facet joints.  

FIGURE 3: MRI of a Strong Candidate
This MRI shows features of a good candidate for indirect decompression. Note the lack of
central canal stenosis. 
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FIGURE 4: X-ray of a Strong Candidate
Lateral x-ray shows good bone quality, which aids interbody fusion. 

This patient is likely to do well with indirect decompression alone. The good bone quality and
lack of facet fusion seen on x-ray will prevent cage subsidence and prevent the collapse of the
neural foramen. Her central canal stenosis is also not severe and does not need to be treated
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with open decompression. 

Defining an algorithm to predict success 
Although there are many studies that have shown that indirect decompression is a viable
alternative to open decompression procedures, the ideal patient for this procedure has yet to be
well-defined. One study found that missed unstable spondylolisthesis, bony lateral recess
stenosis, and misaligned cages were the causes of failure [5, 8]. This study concluded that bony
lateral recess stenosis or unstable degenerative spondylolisthesis may benefit from direct
decompression procedures in conjunction with lateral lumbar interbody fusion.

Indirect decompression relies on interbody graft placement and concomitant distraction of the
neural foramen. Osteoporosis negatively affects fusion rates and may increase the risk of graft
subsidence. One study found that successful posterolateral lumbar interbody fusion was more
likely in patients with higher Hounsfield units on preoperative CT [9]. We do not recommend
indirect decompression alone in patients with frank osteoporosis (defined as a Z-score of -2.5
or lower) because of the higher risk of failed fusion and potential for subsidence, both of which
can contribute to the collapse of the neural foramen.

Pre-existing facet fusion prevents distraction of the neural foramen during cage placement. In
our algorithm, patients with evidence of facet fusion on preoperative CT are considered poor
candidates. Similar to the rationale for osteoporosis, facet fusion prevents distraction of the
neural foramen during graft insertion. In these patients, we recommend a lateral interbody
fusion with open decompression, or an open decompression alone depending on the spinal
pathology being addressed.

Although the lateral approach allows the placement of relatively large cages, by itself, this
approach is unable to address severe spinal stenosis or compressive lesions, such as facet cysts
or extruded disc fragments. Patients with severe stenosis (defined as a complete loss of
cerebrospinal fluid signal on preoperative MRI) or facet cysts causing nerve root compression
were managed with direct decompression procedures with or without the addition of lateral
fusion.

Interestingly, none of the patients who underwent multilevel indirect decompression required
delayed direct decompression. It would seem logical that patients harboring multi-level adult
degenerative disease would be at higher risk for needing concomitant direct decompression;
however, in our series, none of the 12 patients who had two levels or more fused required
delayed decompression at follow-up. The reason for this finding is unclear and warrants further
study.

One patient required delayed open decompression at the same level. The patient had originally
undergone an L4-L5 lateral fusion with percutaneous pedicle screw fixation. She had significant
improvement in her back and leg pain postoperatively. After roughly six months, the patient
started to develop recurrent leg pain. This was initially managed conservatively without
improvement. She elected to undergo open decompression 1.3 years after the initial fusion. She
did well with open decompression reporting improvement in leg pain at follow-up.

One patient who underwent a three-level lateral fusion with percutaneous screw placement
developed adjacent level disease above the level of the fusion. He did well after his initial fusion
with improvement in back and leg pain. Four years later, the patient presented with band-like
symptoms in the lower abdomen and inguinal crease. He was found to have adjacent level
disease at T12-L1 and L1-L2. He underwent indirect decompression at these levels and did well
at follow-up with an improvement of his symptoms. Therefore, repeat indirect decompression
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at adjacent levels may be suitable in select patients.  

Our study is limited by the fact that it is a retrospective chart review on a relatively small
number of patients. Despite the weaknesses of the study, only one patient required delayed
open decompression surgery at follow-up. As such, we feel that using the above factors provides
a relatively simple clinical and radiographic algorithm for which to select patients for indirect
versus direct decompression. However, higher quality studies adjusting for other demographic,
medical, and radiologic parameters will better delineate the best patient population for indirect
minimally invasive decompression. 

Conclusions
Lack of facet fusion, osteoporosis, severe lumbar stenosis, free disc fragment/facet cyst, and an
improvement in low back and/or leg pain of greater than 50% during rest may be used as a guide
to help determine which patients will benefit most from indirect decompression using an
extreme lateral lumbar interbody approach. 

Additional Information
Disclosures
Human subjects: UC San Diego issued approval 141173X. Animal subjects: This study did not
involve animal subjects or tissue. Conflicts of interest: The authors have declared that no
conflicts of interest exist except for the following: Financial relationships: William Taylor
declare(s) personal fees from Nuvasive.

References
1. Atlas SJ, Keller RB, Wu YA, Deyo RA, Singer DE: Long-term outcomes of surgical and

nonsurgical management of sciatica secondary to a lumbar disc herniation: 10 year results
from the maine lumbar spine study. Spine (Phila Pa 1976). 2005, 30:927–35.
10.1097/01.brs.0000158954.68522.2a

2. Alimi M, Hofstetter CP, Cong GT, Tsiouris AJ, James AR, Paulo D, Elowitz E, Härtl R:
Radiological and clinical outcomes following extreme lateral interbody fusion . J Neurosurg
Spine. 2014, 20:623–35. 10.3171/2014.1.SPINE13569

3. Alimi M, Hofstetter CP, Tsiouris AJ, Elowitz E, Härtl R: Extreme lateral interbody fusion for
unilateral symptomatic vertical foraminal stenosis. Eur Spine J. 2015, 24:346–52.
10.1007/s00586-015-3940-z

4. Khajavi K, Shen AY: Two-year radiographic and clinical outcomes of a minimally invasive,
lateral, transpsoas approach for anterior lumbar interbody fusion in the treatment of adult
degenerative scoliosis. Eur Spine J. 2014, 23:1215–23. 10.1007/s00586-014-3246-6

5. Malham GM, Ellis NJ, Parker RM, Blecher CM, White R, Goss B, Seex KA: Maintenance of
segmental lordosis and disc height in standalone and instrumented extreme lateral interbody
fusion (XLIF). J Spinal Disord Tech. 2014, (Epub ahead of print). Accessed: July 30, 2015:
http://journals.lww.com/jspinaldisorders/pages/articleviewer.aspx?
year=9000&issue=00000&article=99303&type=abstract. 10.1097/BSD.0b013e3182aa4c94

6. Elowitz EH, Yanni DS, Chwajol M, Starke RM, Perin NI: Evaluation of indirect decompression
of the lumbar spinal canal following minimally invasive lateral transpsoas interbody fusion:
radiographic and outcome analysis. Minim Invasive Neurosurg. 2011, 54:201–6. 10.1055/s-
0031-1286334

7. Oliveira L, Marchi L, Coutinho E, Pimenta L: A radiographic assessment of the ability of the
extreme lateral interbody fusion procedure to indirectly decompress the neural elements.
Spine (Phila Pa 1976). 2010, 35:S331–37. 10.1097/BRS.0b013e3182022db0

8. Malham GM, Parker RM, Goss B, Blecher CM: Clinical results and limitations of indirect
decompression in spinal stenosis with laterally implanted interbody cages: results from a
prospective cohort study. Eur Spine J. 2015, 24:339–45. 10.1007/s00586-015-3807-3

2015 Gabel et al. Cureus 7(9): e317. DOI 10.7759/cureus.317 9 of 10

http://dx.doi.org/10.1097/01.brs.0000158954.68522.2a
http://dx.doi.org/10.1097/01.brs.0000158954.68522.2a
http://dx.doi.org/10.3171/2014.1.SPINE13569
http://dx.doi.org/10.3171/2014.1.SPINE13569
http://dx.doi.org/10.1007/s00586-015-3940-z
http://dx.doi.org/10.1007/s00586-015-3940-z
http://dx.doi.org/10.1007/s00586-014-3246-6
http://dx.doi.org/10.1007/s00586-014-3246-6
http://journals.lww.com/jspinaldisorders/pages/articleviewer.aspx?year=9000&issue=00000&article=99303&type=abstract
http://journals.lww.com/jspinaldisorders/pages/articleviewer.aspx?year=9000&issue=00000&article=99303&type=abstract
http://dx.doi.org/10.1097/BSD.0b013e3182aa4c94
http://dx.doi.org/10.1055/s-0031-1286334
http://dx.doi.org/10.1055/s-0031-1286334
http://dx.doi.org/10.1097/BRS.0b013e3182022db0
http://dx.doi.org/10.1097/BRS.0b013e3182022db0
http://dx.doi.org/10.1007/s00586-015-3807-3
http://dx.doi.org/10.1007/s00586-015-3807-3


9. Schreiber JJ, Hughes AP, Taher F, Girardi FP: An association can be found between hounsfield
units and success of lumbar spine fusion. HSS J. 2014, 10:25–29. 10.1007/s11420-013-9367-3

2015 Gabel et al. Cureus 7(9): e317. DOI 10.7759/cureus.317 10 of 10

http://dx.doi.org/10.1007/s11420-013-9367-3
http://dx.doi.org/10.1007/s11420-013-9367-3

	An Algorithm to Predict Success of Indirect Decompression Using the Extreme Lateral Lumbar Interbody Fusion Procedure
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: Demographics and Levels Fused

	Discussion
	Case illustrations
	FIGURE 1: MRI of a Poor Candidate
	FIGURE 2: X-ray of Poor Candidate
	FIGURE 3: MRI of a Strong Candidate
	FIGURE 4: X-ray of a Strong Candidate

	Defining an algorithm to predict success

	Conclusions
	Additional Information
	Disclosures

	References


