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The oblique, or prepsoas, retroperitoneal approach 
is one of the recent innovations in achieving an-
terior spinal access.4,7,12,15 This approach was first 

described by Mayer in 1997.6 Some surgeons favor this 
prepsoas approach because it offers the advantages of the 
transpsoas approach while avoiding the risks associated 
with traversing through the psoas muscle itself. The trans-
psoas approach can have complications such as femoral, 
genitofemoral, iliohypogastric, or ilioinguinal nerve injury 
and psoas hematoma. These complications can lead to sen-
sory or motor changes to the thigh and leg.9–11,14

The oblique angle to the spine with this approach can be 
disorienting and a challenge to surgeons, especially since 
the transpsoas approach is based on true anteroposterior 
and lateral fluoroscopic views. Navigation may provide 
advantages that fluoroscopy may not, given the oblique na-
ture of the approach. We present here our technique of us-
ing navigation and neuromonitoring for this procedure. We 
also performed a retrospective chart review to document 
outcomes and complications for patients who had this pro-
cedure done at the University of California, San Francisco.

Clinical Methods
Chart Review

Charts of patients who had undergone this technique 
were retrospectively reviewed. Patient-reported visual an-
alog scale (VAS) scores for back and leg pain were record-

ed from both the preoperative assessment and the latest 
postoperative notes. Complications, readmissions, length 
of stay, estimated blood loss, and surgical time were also 
recorded. Static radiographs were used for fusion assess-
ment.

Preoperative Workup
Preoperative evaluation should include MRI and 36-

in standing radiographs; CT is an option if specific bony 
anatomy needs to be evaluated before surgery (Figs. 1 and 
2). The location of the aorta, vena cava, iliac arteries, and 
iliac veins can also be evaluated to assess the corridor be-
tween the vessels and the spine; this corridor exists in most 
patients.8 It is critical to obtain 36-in standing radiographs 
to preoperatively evaluate not only spinal alignment, but 
also the position of the iliac crest on the left side to en-
sure that the procedure can be done (Fig. 3). If the crest 
is too high and an L4–5 procedure is contemplated, the 
36-in standing radiographs will inform the surgeon if the 
approach is possible. If lordosis needs to be restored or 
any coronal correction needs to be done, the procedure for 
either can be planned for preoperatively with the stand-
ing 36-in radiographs. Flexion-extension films are also 
obtained to identify abnormal movement.

Operative Technique
The patient is intubated, and neuromonitoring leads 
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are placed. We use the standard neuromonitoring that is 
available in the hospital, and we use motor evoked poten-
tials as well as free-running electromyography (EMG). 
The patient is carefully placed in the right lateral decu-
bitus position with the left side up (Fig. 4). Care must 
be taken to pad the common peroneal nerve and bony 
prominences. An axillary roll is used along the chest 
wall as well. The right side cannot be used with the pre-
psoas technique because of the vena cava obstructing the 
approach angle. If a right-sided approach must be per-
formed, the traditional transpsoas approach should be 
performed since the prepsoas approach would present 
too high a risk of catastrophic vascular injury on the right 
side and should not be undertaken. The patient’s arms 
need to be sufficiently out of the way to allow for intraop-
erative CT scanning. 

The choice of anesthetic is critical for intraoperative 
neuromonitoring. We employ triggered EMG monitoring 
for the approach even though the theoretical risk of injury 
to the femoral nerve is low. Thus, paralytic medications 
cannot be used because they can lead to intraoperative 
false-negative triggered EMG recordings.

After positioning and draping the patient, the posterior 
superior iliac spine (PSIS) is identified. Moving 2 inches 

superolaterally along the iliac crest, a 2-cm incision is 
made, and the reference array for navigation is placed (Fig. 
4 inset). This reference array needs to be securely placed 
in bone, out of the way of the surgeon so it is not inadver-
tently moved during the case.

Intraoperative CT images are obtained and registered 
to the navigation software (Fig. 5). This allows the incision 
to be planned using navigational assistance. Using a probe 
with virtual extension on navigation, we localize the mid-
portion of the pathological disc space from a true lateral 
trajectory on the skin (Fig. 6). This is marked and a mea-
surement is taken 5 cm anterior to this point. The incision 
is made in an oblique fashion, parallel to the abdominal 
wall nerve root trajectories. 

The incision is carried down to the abdominal fascia 
with a trajectory toward the lumbar spine. Care must be 
taken not to enter the peritoneal cavity. The trajectory can 
be verified with navigation. Handheld retractors are used 
to ensure visualization down the corridor. Dissection is 
performed through the external oblique, internal oblique, 
and transverse abdominal muscles. Then, retroperitoneal 
fat is identified. Using navigation, we identify the anterior 
border of the psoas muscle and correct disc level. Once the 
disc space is reached, it can be cleared of soft tissue with 
blunt dissection (Fig. 7).

Sequential dilators are placed using triggered EMG 

FIG. 1. Preoperative MR images obtained in a male patient with degen-
erative disease and foraminal stenosis at L4–5. He had previously un-
dergone an L5–S1 transforaminal lumbar interbody fusion at an outside 
institution.

FIG. 3. Preoperative standing 36-in radiographs show the previously 
placed instrumentation at L5–S1 and spondylolisthesis at L4–5. The 
patient’s global spinal alignment is normal.

FIG. 2. Preoperative CT scans showing a solid posterolateral fusion at 
L5–S1 and widened facets at L4–5.
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FIG. 5. The room setup as the intraoperative CT is prepared. A: The navigation equipment before the intraoperative CT has 
moved into place. The navigation computer is at the foot of the bed. The patient has been fully prepared and draped and the navi-
gation array has been placed in the posterior iliac crest. The navigation camera is lifted to have line-of-sight to the array. B: The 
intraoperative CT in place. C: View from the opposite end of the OR table, showing the control panel for the intraoperative CT.

FIG. 4. Positioning for the procedure, with the posterior superior iliac spine (PSIS) marked posteriorly. Inset shows the inserted 
reference array.
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neuromonitoring. Navigation can again be used to confirm 
the correct disc space and trajectory. The disc annulus is 
incised with a disc knife. Navigated instruments are used, 
allowing safe and accurate removal of the disc. When en-
tering the disc space from this angle, a straight oblique tra-
jectory could injure the contralateral nerve root or spinal 
canal. Thus, it is imperative to obliquely rotate the instru-
ments to a true lateral position before placing them toward 
the contralateral side. The surgeon must move his or her 
hand dorsally to correct for this angle. Figure 8 shows the 
trajectory before and after correcting for the angled ap-
proach.

After a thorough discectomy, interbody template trials 
are used to select the correct cage size. Again, using navi-
gated instruments ensures the correct trajectory and place-
ment. The implant, after being loaded with graft material, 
is placed with navigational assistance as well (Fig. 9). The 
ideal location for the implant spans the entire apophyseal 
ring in the lateral direction.

We routinely check the position of the implant with 
fluoroscopy to confirm its placement in the event that navi-
gation was not accurate during the procedure.

The wound is then closed in a layered fashion, includ-

ing the abdominal fascia, subcutaneous tissue, and skin. 
We use no. 1 polydioxanone sutures to close the abdomi-
nal fascia.

Posterior instrumentation is typically placed unless 
anterior fixation has already been done. At times, one 
may choose to stage these surgeries between anterior and 
posterior portions. This allows for clinical assessment of 
the indirect foraminal decompression, which can guide 
the posterior approach. If radicular symptoms have com-
pletely resolved, percutaneous fixation only is performed. 
If the patient has continued radiculopathy, decompression 
along with instrumentation is performed with the poste-
rior fixation. See Fig. 10 for the postoperative standing ra-
diographs. The procedure is also shown in Video 1.

VIDEO 1. Video clip of navigated prepsoas approach. Copyright 
Dean Chou. Published with permission. Click here to view.

Postoperative Management
The patient is mobilized on the 1st postoperative day. 

He or she is limited to a clear liquid diet until flatus. A 
postoperative ileus is not common but is not unexpected 
if it occurs. If the posterior instrumentation is staged, pa-

FIG. 6. Incision planning. A: Localization and marking of the pathological disc space from a true lateral position. B: A close-up 
view of the navigation screen with the virtual extension of the navigation probe localizing the disc space. C: The prepsoas incision 
being planned 5 cm from the true lateral mark.
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tients can mobilize in the interim, and we encourage this 
to determine whether there is persistent radicular pain 
that may need to be addressed via direct dorsal decom-
pression. Patients are discharged home after they are ade-
quately mobilizing, pain has been controlled, and patients 
are having bowel movements.

Results
Forty-nine patients underwent a prepsoas approach for 

lumbar interbody fusion for degenerative disease (D.C. 
and P.V.M.). Thirty patients were women (61.2%). The 
average age was 67.5 years, with a range from 47 to 89 
years. The number of fused levels ranged from 1 to 4, 
with 51.0% single-level cases and 6 patients’ procedures 
including the L5–S1 level as well as an interbody fusion 
from L-2 to L-5. Twenty-eight patients (57.1%) had under-
gone prior spinal surgery. Seven patients had stand-alone 
interbody fusion, 22 had minimally invasively placed pos-
terior instrumentation, and 20 had posterior instrumenta-
tion placed via an open approach. Among the 42 patients 
with posterior instrumentation, the instrumentation was 
placed on the same day as the interbody fusion in 27, and 

the procedures were staged in 15. See Table 1 for a sum-
mary of the patients.

A total of 86 levels were fused in 49 patients. The aver-
age follow-up among all patients was 10 months. We in-
cluded all patients regardless of follow-up since this paper 
was focused on perioperative morbidity. Many of these 
patients have not yet reached 1 year of follow-up. We also 
analyzed a subgroup of 20 patients with at least 1 year of 
follow-up.

There was 1 surgical complication related to the anterior 
approach, which was a postoperative psoas hematoma in 
a 3-level fusion case that resulted in temporary hip flexor 
weakness. It was treated conservatively, the hematoma re-
sorbed, and the patient’s neurological strength returned to 
normal. There were 6 cases of transient approach-related 
side effects that were expected for the approach. Three 
patients had transient left thigh paresthesias that resolved. 
Three other patients had postoperative ileus that resolved. 
There were no readmissions within 90 days related to the 
anterior approach. One patient had persistent radiculopa-
thy, but it was bilateral and believed to be secondary to the 
adjacent segment above the anterior surgery. The patient in 
this case underwent posterior decompression at a later date.

FIG. 7. The retractor has been placed, and the disc space has been bluntly cleared of tissue. Inset shows navigation at this level, 
confirming correct disc space and trajectory. Navigation shows a projection of the probe (yellow line), and the true navigated posi-
tion is located at the end of the blue line. 

Unauthenticated | Downloaded 05/23/23 11:03 PM UTC



A. M. DiGiorgio et al.

Neurosurg Focus Volume 43 • August 20176

Only total operating room (OR) time was available 
for review, so patients who had posterior instrumenta-
tion placed during the fusion procedure had significantly 
higher total OR times than those undergoing staged pro-
cedures. For the anterior procedures, the average OR time 
was 183 minutes. Average blood loss was 258 ml. Length 
of stay was 9.00 days for staged procedures and 4.95 for 
the nonstaged procedures. The staged procedures aver-
aged 2.1 levels, while the nonstaged procedures averaged 
1.6 levels. See Table 2 for perioperative outcomes.

Average back and leg pain scores improved significant-
ly among the group with 1 year of follow-up (Table 3). The 
VAS back pain scores improved from an average of 7.17 
to 4.10 (p = 0.001) and leg pain scores from 6.15 to 1.20 
(p < 0.001). There were no hardware failures on follow-up 
radiographs.

Discussion
One of the benefits of the prepsoas approach to the lum-

FIG. 8. The discectomy has been completed, and a trial implant is being inserted with navigation screens (A and C) guiding the 
insertion. The trajectory before the surgeon moves his hand dorsally, correcting for the oblique angle (B). Note that before this cor-
rection, the trial trajectory would have taken the implant to the contralateral neural foramen. After correction, the trial has a more 
optimal trajectory (D).
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bar spine is that it obviates the need to dissect through the 
psoas muscle; not only does this decrease the chance of 
damage to the psoas muscle itself, but it also may decrease 
the chance of damage to the nerves that lie within the 
psoas muscle, such as the femoral nerve.7 The transpsoas 
approach can also expose the cutaneous nerves to the thigh 
to risk.1 Stretching the psoas muscle can lead to hip flexor 
weakness that is occasionally permanent. A meta-analysis 
by Joseph et al. showed a 9.4% rate of temporary and 2.5% 
rate of permanent neurological deficits with the transpsoas 

lateral approach.5 In that meta-analysis, there was a 27.1% 
rate of sensory deficits. Pseudohernia has been described 
after the lateral approach.3,13 Disruption of the abdominal 
wall makes this a possibility in the prepsoas approach as 
well, although we did not encounter it. After opening the 
fascia of the abdominal wall with electrocautery, we blunt-
ly dissect through the muscles of the abdominal wall. This 
decreases the risk of transection of the lateral abdominal 
wall nerves.

Drawbacks to the prepsoas approach include a theoreti-
cally higher risk of bowel or vessel injury due to the more 
anterior corridor. In a review of 179 patients undergoing 
the prepsoas approach, Silvestre et al. found the most com-
mon complications to be incisional pain (4 patients), leg 
symptoms due to sympathetic chain injury (3), and vas-
cular injury (3).15 They had 2 patients with neurological 
deficit secondary to the procedure, 1 case due to nerve 
compression from the interbody cage and 1 case presum-
ably from nerve stretching (the patient died 4 months post-
operatively from unrelated causes). These authors also had 
single instances of ileus, peritoneal laceration, cerebrovas-
cular accident, lower extremity ischemia, psoas paresis, 
groin numbness, and pseudarthrosis.

Another drawback to the prepsoas approach is that the 
angle of the procedure may be unfamiliar to the surgeon. 
Typically, when performing a lateral approach, surgeons 
are coming directly perpendicular to the spinal column, 
making anatomical landmarks easier to identify to avoid 
critical structures. In the oblique prepsoas approach, sur-
geons must keep the angle in mind to avoid injuring the 
nerves, especially the contralateral nerve root. Navigation 
can mitigate this risk because the angle and depth of the 
instruments can be visualized in real time. Another advan-
tage with navigation is the avoidance of radiation exposure 
to the surgeon.16

The technique can only be done from the left side be-
cause the vena cava is on the right side. There is no cor-
ridor on the right side to perform the prepsoas approach, 
and the risk of vascular injury precludes a right-sided ap-
proach. Thus, in certain cases of scoliosis when the con-
cavity of the L4–5 segment is far below the iliac crest, 
a left-sided prepsoas approach cannot be used. Either a 
transpsoas right-sided approach or another type of inter-
body graft needs to be used in such cases.

FIG. 10. Postoperative standing radiographs after a staged open proce-
dure for posterior instrumentation.

FIG. 9. Insertion of the interbody graft (lower) under navigational guid-
ance (upper). Note that navigation allows for optimal placement of the 
interbody graft spanning the apophyseal ring.
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A unique advantage of the prepsoas approach over the 
direct lateral approach is access to the L5–S1 disc space. 
It can be done by a trained approach surgeon, and the vas-
cular anatomy must be assessed on preoperative imaging 
to ensure the presence of an adequate corridor.2 Even with 
an adequate corridor, the rate of vascular injury can be 
up to 10%.8 The morphology of the sacral slope and iliac 
crest also needs to be evaluated to ensure that an adequate 
operative angle can be obtained. 

Our patients had good results without any permanent 
neurological injury. The associated thigh weakness was 
expected given the approach anterior to the psoas muscle, 
but it did not appear to be neurogenic in nature in that 
the weakness resolved to full strength and was not associ-
ated with radiculopathy or sensory changes. We did see 1 
postoperative hematoma, but this case was performed in a 
3-level operation in a patient who had higher than normal 
oozing intraoperatively. Moreover, cases with an ileus re-
solved without any sequelae.

Our study is limited in its retrospective design. We 
wanted to focus on this novel and evolving technique and 

its perioperative complications, so we chose to include all 
of our patients in this study, even though there was short 
follow-up as this navigated technique was recently devel-
oped. However, we also performed a subset analysis of pa-
tients with a minimum 1-year follow-up, and among these 
patients, back and leg pain improved significantly.

Conclusions
Navigation can aid the surgeon in performing the pre-

psoas lumbar interbody fusion technique. Navigation is 
useful for the unfamiliar trajectory associated with this 
approach and reduces radiation exposure to the surgical 
team. Given the unfamiliar oblique trajectory, the use of 
navigation can guide the surgeon in real time in 3D anat-
omy and potentially help surgeons who wish to adopt this 
new approach.
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