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Abstract

Study Design.: Retrospective cohort study.

Objectives: To clinically evaluate saphenous nerve somatosensory-evoked potentials (SSEPs) as a reliable and predictable way to
detect upper lumbar plexus injury intraoperatively during lateral lumbar trans-psoas interbody fusion (LLIF).

Methods: Saphenous nerve SSEPs were obtained by stimulation of inferior medial thigh with needle electrodes and recording
from transcranial potentials. The primary outcome was measured by testing reproducibility of SSEPs at baseline, changes during
the procedure, and relevance to standard modalities. Significant SSEP changes were compared with actual postoperative nerve
complications. The sensitivity and specificity of saphenous SSEPs to detect postoperative lumbar plexus nerve injury was
calculated.

Results: A total of 62 patients were included in the study. Reliable saphenous SSEPs were recorded on the LLIF approach side in
52/62 patients. Persistent saphenous SSEP reduction of amplitude of >50% in 6 cases was observed during expansion of the
tubular retractor or during the procedure. Two of 6 patients postoperatively had femoral nerve sensory deficits, and 5 of 6
patients had mild femoral nerve motor weakness, all of which resolved at an average of 12 weeks postoperatively (range
2-24 weeks). One patient had saphenous SSEP changes but demonstrated intraoperative recovery and had no postoperative
clinical deficits. Saphenous SSEPs demonstrated 52% to 100% sensitivity and 90% to 100% specificity for detecting postoperative
femoral nerve complications.

Conclusion: Saphenous SSEPs can be used to detect electrophysiological changes to prevent femoral nerve injury during LLIF.
Intraoperative SSEP recovery after amplitude reduction or loss may be a prognostic factor for final clinical outcome.
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Introduction

Lateral lumbar trans-psoas interbody fusion (LLIF) is a mini-

mally invasive retroperitoneal technique that has resulted in

improved patient-reported outcomes and good to excellent

satisfaction ratings while possibly reducing the risks related

to traditional anterior or posterior approach surgeries.1,2 Com-

pared with anterior surgery, LLIF may allow for smaller inci-

sions, decreased risk of vascular or visceral injuries, decreased

operative time, decreased blood loss, shorter hospital stays, and

quicker recovery.1,3-5 Compared with posteriorly based inter-

body fusions, LLIF does not require entry into the spinal canal
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or foramina, and nerve root retraction is avoided; furthermore,

a larger cage can be placed with the LLIF technique, which

may provide a more favorable biomechanical and biological

environment for eventual arthrodesis.6,7

Despite these advantages, the trans-psoas approach can

result in a high incidence of nerve injury because of direct

injury or prolonged retraction of the lumbar plexus, and some

studies have reported motor weakness in up to 33.6% of

patients and sensory complications in up to 75% of patients

postoperatively.3,4,8-10 High anatomical variability of the lum-

bar plexus and potentially increased tension on the plexus

resulting from intraoperative patient positioning make it diffi-

cult to establish a reproducible safe zone for the lateral trans-

psoas approach. At L4-L5, a safe entry zone is even more

challenging to establish because the lumbar plexus occupies

up to 50% of the dorsal-ventral disc space.11

In an attempt to minimize iatrogenic nerve injury, intrao-

perative neuromonitoring (IONM), traditionally electromyo-

graphy (EMG), is utilized.1 However, unimodal IONM with

EMG may be insufficient because EMG has low specificity for

detecting iatrogenic nerve injury, particularly secondary to

compression, stretch, or focal ischemia that can occur with

retractor deployment.8,12,13 Several studies have noted post-

operative nerve deficits after LLIF in the setting of normal

EMG readings,10,14,15 and subsequent studies have questioned

the utility and accuracy of EMG during LLIF.16,17

Somatosensory-evoked potentials (SSEP) may be used in

addition to EMG during LLIF as a multimodal approach to

IONM to minimize iatrogenic nerve injury. SSEPs are sensitive

to ischemic changes, but standard SSEP monitoring tradition-

ally only tracks the lower lumbosacral plexus (L4-S2) via the

posterior tibial nerve or the peroneal nerve. The upper lumbar

plexus (L2-L4), at risk during LLIF, gives rise to the femoral

nerve, which divides into anterior and posterior divisions in the

thigh and continues as the saphenous nerve. In the distal thigh,

the saphenous nerve becomes superficial between tendons of

the sartorius and gracillis muscles where it can be monitored.16

The purpose of this study was to clinically evaluate saphenous

nerve SSEPs as a reliable and predictable way to detect upper

lumbar plexus injury intraoperatively during LLIF.

Methods

Institutional review board approval was obtained for this study

prior to data collection. The medical records of 62 consecutive

patients who underwent LLIF between 2013 and 2015 at a

single institution were retrospectively reviewed. All patients

undergoing LLIF during the study time period at a single insti-

tution were included. Patients in whom lower-extremity neu-

romonitoring was not possible were excluded. Patient

demographics and surgical details were reviewed and collected

using our institution’s electronic medical record.

Intraoperative saphenous nerve SSEPs were obtained by sti-

mulation of the inferior medial thigh with needle electrodes and

somatosensory cortex transcranial recordings (Figure 1). Saphe-

nous nerve SSEPs were added to standard IONM modalities,

including posterior tibial SSEP, EMG, and motor-evoked poten-

tial. EMG was conducted in a standard fashion by placing sub-

dermal needle electrodes in the lower-extremity musculature

associated with the lumbar surgical levels being operated on.

SSEPs were obtained prior to incision, and baseline data was

established. All IONM was performed by a certified neurophy-

siologist who was remotely supervised by a neurologist. Neuro-

muscular blockade was used for intubation only. All IONM was

performed under complete absence of neuromuscular blockade

and with the use of intravenous, as opposed to inhalational,

anesthesia. A threshold criterion of a 10% increase in SSEP

latency and/or a 50% decrease in SSEP amplitude was used to

alert the attending surgeon for intervention.

Surgical technique was performed in the standard lateral

lumbar trans-psoas approach fashion as described by Ozgur

et al.1 The same retractor was used in each case, which con-

sisted of an expandable blade retractor that was placed over the

largest dilator. The retractor was secured to the operating table

and expanded for all cases. No cases involved placing pins into

the vertebral bodies to allow for docking.

The primary outcomes included the reproducibility of

saphenous SSEPs at baseline and changes in saphenous SSEP

latency and amplitude during the LLIF procedure (Figure 2).

The study group was defined as those patients with saphenous

SSEP peak latency increases greater than 10% and/or ampli-

tude decreases greater than 50%. The remainder of the patients

were considered the control group. Patient symptoms and clin-

ical neurological deficits were retrospectively reviewed and

correlated with IONM changes. Motor deficits were confined

to weakness with hip flexion or adduction, or knee extension

(strength� 4 out of 5 on the Medical Research Council (MRC)

scale). Sensory deficits included anterolateral thigh or groin

numbness and/or dysesthesia. Sensitivity, specificity, and asso-

ciated 95% CIs were calculated. Parametric univariate analysis

was used to compare operative times between patients with and

without SSEP signal changes.

Results

The case series consisted of 62 patients with an average age of

62.9 years; 77% were female. Average follow-up was 6 months.

A total of 69 levels were operated on, of which 11 were L1-2, 20

Figure 1. Example of saphenous nerve electrode placement.
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were L2-3, 22 were L3-4, and 16 were L4-5. Reliable SSEPs

were recorded on the approach side in 52 of 62 patients.

Reduction of saphenous SSEP amplitude >50% and/or

increased latency >10% occurred in 7 of 52 cases (study group)

during expansion of the tubular retractors. The remaining 45

patients had normal saphenous SSEPs throughout the LLIF

procedure, although 4 of these 45 patients had changes in other

IONM modalities, including EMG changes. None of these 4

patients had significant clinical deficits postoperatively. Opera-

tive time was 245 minutes for patients with SSEP changes and

319 minutes for patients without SSEP changes (P ¼ .08).

Among the 7 patients with SSEP changes, 1 patient had com-

plete IONM recovery intraoperatively and had no postoperative

clinical deficits. The remaining 6 patients had partial but incom-

plete IONM recovery intraoperatively. Two of the 6 patients

with persistent intraoperative changes had postoperative femoral

nerve sensory deficits; 5 of 6 patients had mild hip flexion weak-

ness. All deficits were resolved at an average of 12 weeks post-

operatively (range 2-24 weeks). True clinical positives and

negatives with regard to saphenous SSEP detecting postopera-

tive femoral nerve complications are listed in Table 1. The sen-

sitivity and specificity analysis are presented in Table 2.

Discussion

LLIF was developed as a minimally invasive alternative for

interbody fusion that can potentially avoid the approach-

related complications associated with anterior and posterior

direct approaches.1 Recent studies have demonstrated

improved clinical and radiographic outcomes in patients under-

going LLIF for degenerative pathology2,18-21; however, this

minimally invasive technique has resulted in a new set of

approach-related nerve complications during interbody fusion

as a result of traversing of the psoas muscle, which contains the

lumbar plexus.3,4,8-10

The high incidence of nerve injury after LLIF resulted in

several studies attempting to use IONM to minimize the risk of

lumbar plexus injury. Tohmeh et al22 used free-run and trig-

gered EMG intraoperatively in a series of 102 patients under-

going LLIF, and 17.5% of patients experienced postoperative

sensory deficits. Similarly, Le et al23 demonstrated a 19.1%
rate of postoperative ipsilateral thigh numbness while using

EMG IOMN, although the incidence over time did decrease.

Several other studies have also demonstrated relatively high

rates of postoperative nerve complications in the setting of

normal IONM EMG readings,10,14,15 and researchers have con-

cluded that stand-alone EMG is largely inadequate for moni-

toring trans-psoas approaches to the lumbar spine.16,24

The use of SSEPs to detect intraoperative nerve damage in

the lumbar spine remains an area of interest. Duncan et al17

were the first to describe lumbar nerve root injury likely sec-

ondary to ischemia/distraction, with associated SSEP changes

in the setting of normal EMG; however, this was during trans-

foraminal lumbar interbody fusion. The results of this study

demonstrate that saphenous SSEPs can be recorded during

LLIF to detect electrophysiological changes and potentially

prevent femoral nerve/upper lumbar plexus injury during LLIF.

Among the 46 without persistent SSEP changes, all 46 (100%)

had normal postoperative exams without evidence of nerve

injury. Six patients demonstrated persistent intraoperative

SSEP changes and met threshold values, and all 6 (100%)

demonstrated postoperative motor or sensory weakness, of

which all resolved within 12 months. Silverstein et al16 per-

formed a similar study in 2014 in a smaller cohort (46 patients),

assessing the efficacy of using saphenous nerve SSEPs during

LLIF. In their study, 4 patients demonstrated persistent intrao-

perative SSEP changes, and 3 (75%) patients demonstrated

postoperative nerve deficits.16 Similar to the current study,

Table 1. Saphenous SSEP Detection of Postoperative Femoral Nerve
Complications.

Clinical Positive Clinical Negative Total

Saphenous SSEP positive 6 0 6
Saphenous SSEP negative 0 46 46
Total 6 46 52

Abbreviation: SSEP, somatosensory-evoked potential.

Table 2. Estimates of Population Prevalence, Sensitivity, and
Specificity of Saphenous SSEP Detection of Postoperative Femoral
Nerve Complications.

Estimated
Value

95% CI
Lower Limit

95% CI
Upper Limit

Disease prevalence 0.115 0.048 0.241
Sensitivity 1 0.517 1
Specificity 1 0.904 1

Figure 2. Examples of normal and reduced amplitude saphenous
somatosensory-evoked potential tracings.
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intraoperative SSEP changes demonstrated a high sensitivity

and specificity for postoperative nerve deficits. Finally, the

current study was unable to establish reliable SSEP signals in

16% of patients, which is also similar to the study by Silver-

stein et al,16 in which 11% of patients had unreliable signals.

The ability to establish reliable saphenous SSEP signals can be

affected by body habitus, limb length, depth of the saphenous

nerve, medical comorbidities, anesthetic agents, and intrao-

perative hemodynamics. To the authors’ knowledge, Silver-

stein et al are the only other set of authors to assess the use

of saphenous nerve SSEPs during LLIF.

Although the findings of our study demonstrate possible

benefit of saphenous SSEP monitoring during LLIF, there are

several limitations. First, saphenous SSEPs were not reliably

established in 10 (16%) patients, similar to the study by Silver-

stein et al.16 Second, this was a retrospective study subject to

selection bias, although a consecutive series of patients was

utilized in an attempt to minimize this bias. Third, the descrip-

tions of nerve complications, including motor and sensory def-

icits, were not precisely defined. Fourth, we did not have the

ability to assess retractor times; operative times were similar

between the 2 groups, but this comparison may be subject to

type II error. Fifth, we did not conduct a cost-benefit analysis

because we did not have data available to us to assess how a

potential saphenous SSEP signal change affected the surgery in

terms of prolonging operative time or changing the anesthesia

plan; the lack of a control group prevents analysis of other

potential cost-benefits (return to operating room, return to

work) related to postoperative neuropraxia that may be

decreased with saphenous SSEP monitoring. Finally, this was

a relatively small case-control series of 62 patients from a

single institution, which thereby limits the generalizability of

the results; however, it is the largest study to date assessing the

efficacy of this IONM technique.

In conclusion, postoperative nerve complications after LLIF

continue to occur, even with the use of EMG IONM. Several

studies have examined the use of multimodal IONM techniques

to better detect and prevent nerve complications during

LLIF.16,24-26 The use of saphenous SSEPs as part of a multi-

modal approach to IONM during LLIF may be an effective

technique to prevent lumbar plexus nerve injury. In the present

study, saphenous SSEPs demonstrated 52% to 100% sensitivity

and 90% to 100% specificity for detecting postoperative

femoral nerve complications and may be a prognostic factor

for final clinical outcome. A prospectively designed study with

a larger cohort is needed to more accurately and precisely

investigate the utility of this IONM technique.
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