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Abstract

Study Design: Retrospective review of private neuromonitoring databases.

Objectives: To review neuromonitoring alerts in a large series of patients undergoing lateral lumbar interbody fusion (LLIF) and
determine whether alerts occurred more frequently when more lumbar levels were accessed or more frequently at particular
lumbar levels.

Methods: Intraoperative neuromonitoring (IONM) databases were reviewed and patients were identified undergoing LLIF
between L1 and L5. All cases in which at least one IONM modality was used (motor evoked potentials (MEP), somatosensory
evoked potentials (SSEP), evoked electromyography (EMG)) were included in this study. The type of IONM used and incidence of
alerts were collected from each IONM report and analyzed. The incidence of alerts for each IONM modality based on number of
levels at which at LLIF was performed and the specific level an LLIF was performed were compared.

Results: A total of 628 patients undergoing LLIF across 934 levels were reviewed. EMG was used in 611 (97%) cases, SSEP in 561
(89%), MEP in 144 (23%). The frequency of IONM alerts for EMG, SSEP and MEPs did not significantly increase as the number of
LLIF levels accessed increased. No EMG, SSEP, or MEP alerts occurred at L1-L2. EMG alerts occurred in 2-5% of patients at L2-L3,
L3-L4, and L4-L5 and did not significantly vary by level (P ¼ .34). SSEP and MEP alerts occurred more frequently at L4-L5 versus
L2-L3 and L3-L4 (P < .03).

Conclusions: IONM may provide the greatest utility at L4-L5, particularly MEPs, and may not be necessary for more cephalad
LLIF procedures such as at L1-L2.
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Introduction

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

mally invasive technique that can improve patient reported

outcomes, while possibly reducing the risks associated with

anterior, oblique-lateral, or posterior interbody approaches to

the spinal column.1,2 Compared to approaches for anterior or

oblique-lateral interbody fusion, LLIF may allow for decreased

risk of vascular injuries as the LLIF working corridor is further

away from the major abdominal vessels.1,3-6 Compared to pos-

terior approaches for interbody fusions, LLIF does not require

entry into the spinal canal or foramina, therefore thecal sac and

nerve root retraction are avoided. Additionally, compared to

posterior approaches, a larger interbody graft can be placed

with the LLIF technique which may provide for greater

improvement in sagittal alignment and foraminal height, and

a more favorable biomechanical and biologic environment for

arthrodesis.7,8
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Although minimally invasive, this procedure requires tra-

versing of the psoas muscles, which is avoided in anterior and

oblique-lateral approaches, and therefore carries the potential

risk of neurological injury to the lumbar plexus and its associ-

ated nerve branches. The incidence of lumbar plexus injuries

varies from 6% to 33% in some studies.4,9 The clinical mani-

festation of intraoperative nerve root injury can range from

transient paresthesia or weakness to devastating persistent

long-term pain or femoral nerve palsy.10,11 Given the proximity

of the lumbar plexus with the trans-psoas retroperitoneal

approach, it is the only approach marketed to require neuro-

physiologic monitoring to establish a safe zone within the psoas

muscle. Most LLIF systems utilize surgeon-directed free-run

and evoked electromyography (EMG); however, studies have

questioned the accuracy of EMG during LLIF as patients have

developed postoperative nerve deficits in the setting of normal

EMG readings.10-13

Therefore studies have been designed to investigate the util-

ity of multimodal intraoperative neuromonitoring (IONM)

techniques to decrease the incidence of postoperative neurolo-

gic complications and some of these studies have demonstrated

additive benefit of utilizing somatosensory evoked potentials

(SSEP) or motor evoked potentials (MEP) during LLIF sur-

gery.14-17 However, other studies question the utility of IONM

during LLIF approaches, and have demonstrated comparable

complication rates without utilizing any form of IONM.18 The

purpose of this study was to review neuromonitoring alerts in a

large series of patients undergoing LLIF and determine

whether alerts occurred more frequently when more lumbar

levels were accessed and if alerts occurred more frequently at

particular lumbar levels. The results may help guide surgeons

who selectively use IONM during LLIF. We hypothesized that

IONM alerts would be less common at the upper lumbar levels

compared to L4-L5 where the “safe zone” is known to be

smaller.19

Methods

This study was approved by the Hospital for Special Surgery

Institutional Review Board (2018-0543).

This was a retrospective database review examining IONM

data collected by Accurate Monitoring LLC (Fairfield, New

Jersey, USA) and U.S. Monitoring Inc. (USMON) (North

Oakes, Minnesota, USA). These are private databases that are

maintained internally by the company and contain demo-

graphic and procedural information from all spine surgery

cases in which at least one IONM modality (EMG, SSEP, or

MEP) was utilized. In addition, an accompanying IONM report

is available for each case which contains monitoring strategies,

baseline/intraoperative responses, and conclusions of any crit-

ical changes. The databases do not contain information regard-

ing patient comorbidities, preoperative clinical data,

complications, or postoperative outcomes.

Each database was queried for patients who underwent lat-

eral lumbar interbody fusion between 2008 and 2018, and all

cases in which at least one IONM modality was used (MMEP,

SSEP, EMG) were included in this study. We included all

patients that underwent isolated lateral interbody fusion

between L1 and L5. We excluded patients that underwent con-

current anterior, transforaminal or posterior interbody fusion.

We also excluded patients that received concurrent corpect-

omy, kyphoplasty, osteotomy, and cases where the level of the

LLIF was unclear. The data of patients that met the inclusion

and exclusion criteria contained with the Accurate Monitoring

and USMON databases were merged and analyzed.

Patient demographics, procedure, lumbar level, and number

of levels at which the LLIF was performed were reviewed. In

addition, type of IONM used and incidence of alerts were

collected from each IONM report and analyzed. Data was

assessed for normality and univariate analysis was performed

comparing the incidence of alerts for each IONM modality

based on number of levels at which at LLIF was performed

and the specific level an LLIF was performed. When analyzing

the specific level of an alert, we only analyzed patients that

underwent LLIF at one level because we were unable to deci-

pher at which level an alert occurred in patients who underwent

multilevel LLIF. A P-value <.05 was considered statistically

significant.

Results

A total of 628 patients were included in the final analysis. The

average age of the cohort was 62+ 11 years-old and 58% were

female. Single level LLIF was performed in 403 (64%) patients,

2-level in 159 (25%), 3-level in 51 (8%), and 4-level in 15 (2%).

A total of 934 levels were treated with the following number of

LLIFs placed at a given lumbar level: L1-L2 70 (7%), L2-L3 234

(25%), L3-L4 403 (43%), and L4-L5 227 (24%). EMGwas used

in 611 (97%) cases, SSEP in 561 (89%), MEP in 144 (23%).

The frequency of IONM alerts for EMG, SSEP andMEPs did

not significantly increase as the number of LLIF levels increased

(Figure 1). EMG alerts occurred in 2-5% of patients undergoing

1-3 level surgery, and in 13% of patients undergoing 4 level

surgery (P¼ .21). SSEP alerts occurred in 5% of patients under-

going 1-level surgery and 8-9% of patients undergoing 2-4 level

surgery (P ¼ .60). MEP alerts only occurred in 4% of patients

undergoing 1-level surgery and no alerts occurred in patients

undergoing 2-4 level surgery (P ¼ .64).

In the 70 patients who underwent single level LLIF at

L1-L2, there were no EMG, SSEP, or MEP alerts (Figure 2).

EMG alerts occurred in 2-5% of patients at L2-L3, L3-L4, and

L4-L5 and did not significantly vary by level (P ¼ .34). SSEP

alerts significantly varied by level and occurred in 3-5% of

patients at L2-L3 and L3-L4, and 12% of patients at L4-L5

(P ¼ .02). MEP alerts also significantly varied by level, occur-

ring in 0% of patients at L2-L3 and L3-L4 and 17% of patients

at L4-L5 (P ¼ .03). SSEP and EMG were used in greater than

90% of patients undergoing single-level surgery. MEP was

used in 29% of patients. There was no significant association

betweenMEP use and total number of levels treated (P¼ .105).

MEP was used more frequently at L1-L2 (45%) compared to
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L2-L3 (24%), L3-L4 (25%), and L4-L5 (23%), but this was not

statistically significant (P ¼ .125).

Discussion

The use of the LLIF technique has gained popularity over the

past 2 decades and studies have demonstrated improved clin-

ical and radiographic outcomes in patients undergoing LLIF for

degenerative pathology;2,20-23 however, this technique has

resulted in a new set of approach-related nerve complications

involving the lumbar plexus which courses through the psoas

muscle.3,4,9,11,24 In an attempt to mitigate these complications,

the use of IONM has been investigated.

Electromyography is commonly used during LLIF in part

due to historical precedent.1 Although studies have demon-

strated the efficacy of EMG use during LLIF, it has low spe-

cificity, may not detect nerve compression, and it cannot

reliably monitor sensory-specific nerves.13,24-28 The use of

MEPs in LLIF may have promise because MEPs may be able

to accurately monitor fully formed peripherals nerves of the

lumbar plexus which innervate the quadriceps muscle.15,29

However, MEP use has its own set of limitations including

necessitating avoidance of inhalational anesthesia and long-

acting paralytics, and the interpretation of MEP data requires

extensive training, is highly subject to variability, and is depen-

dent on establishing accurate and reproducible baseline MEP

responses. Lastly, the use of SSEPs as an IONM strategy was

previously limited as traditional SSEP techniques only track

the lower lumbosacral plexus (L4-S2) by monitoring the pos-

terior tibial or peroneal nerves. SSEP monitoring of the saphe-

nous nerve may can monitor the upper lumbar plexus,16 but

similar to MEPs, its interpretation is dependent on establishing

reliable baseline signals and can vary based on thresholds for

alerts. Currently the use, or combined use, of EMG, MEP and

Figure 1. IONM alerts based on the number of lumbar levels treated.

Figure 2. IONM alerts based on the specific level treated in patients undergoing single-level surgery.
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SSEP during LLIF remains without consensus in part because

of the above-mentioned limitations and because some studies

have demonstrated no correlation between intraoperative neu-

romonitoring alerts and neurological function postopera-

tively.10-12,14,26

Through the utilization of 2 neuromonitoring databases, we

were able to review 628 patients undergoing LLIF across 934

levels, resulting in the largest study, excluding systematic

reviews, analyzing IONM during LLIF in the literature. Our

analysis demonstrated that in all patients that had an LLIF

performed with IONM there was heterogeneity in IONM stra-

tegies. EMG was utilized in 98% of cases, SSEP in 89% and

MEP is 23%. We further demonstrated that the frequency of

IONM alerts does not increase when the number of levels

accessed increases, and at L1-L2 there were no EMG, SSEP

or MEP alerts in any patient. EMG alerts did not vary by level,

SSEP alerts occurred significantly more frequently at L4-5

compared to other lumbar levels, and MEP alerts only occurred

at L4-L5.

The location of the lumbar plexus as it pertains to the LLIF

approach has been described in previous anatomic studies.19,30-33

At L1-L2, the lumbar plexus nerve roots are located in the

posterior one-fourth to one-fifth of the disc space, and therefore

the safe zone at this level is relatively large and resultant nerve

root injury is less likely.19,30,32 This safe zone becomes pro-

gressively smaller at more caudal lumbar levels and at L4-L5,

the safe zone may be less than 50% the width of the disc,

significantly increasing the risk for nerve injury.19,32 Given this

anatomic relationship, the results of our study are not surprising—

therewere zeroEMG,SSEPorMEP alerts at L1-L2, significantly

more SSEP alerts at L4-L5, and MEP alerts only occurred at

L4-L5. Although this is not the first study to demonstrate a higher

level of alerts at L4-L5,14,34 it is the first to demonstrate no

EMG, SSEP or MEP alerts at L1-L2 in patients undergoing

single-level surgery.

With regard to the number of levels approached, previous

studies have demonstrated that increasing the number of opera-

tive levels may be associated with a higher likelihood of neu-

rologic complications likely secondary to disrupting a large

amount of psoas muscle volume thereby increasing the change

of lumbar plexus injury.3,35 In the present study, EMG, SSEP,

and MEP alerts did not vary by the number of levels accessed

during LLIF surgery. It is likely that the level being accessed is

a more important factor in deciding whether to use IONM as

compared to the number of levels being treated.

Based on the results of this study, the authors recommend

the use of EMG during LLIF based both due to historical pre-

cedent and that the frequency of EMG specific alerts did not

vary based on level accessed in the analyzed data. However,

SSEP and MEP may only have added utility at lower lumbar

levels as there were zero alerts in either modality at L1-L2.

MEPs were most frequently monitored at L1-L2, but all MEP

alerts occurred at L4-L5. Further consideration should be given

to selective utilization of MEPs when performing LLIF at the

L4-L5 level. The nonselective utilization of multimodal IONM

including SSEP and MEP for all LLIF procedures may be

unnecessary and is not without significant cost. Using multi-

modal IONM at all lumbar levels as a standard practice may

result in increased intraoperative time, unnecessary changes to

anesthesia technique, and ultimately increased cost which will

be passed on to the patient and payer.36,37

The results of this study demonstrate some significant find-

ings, but they must be interpreted within the limitations of the

study design. First, the study utilized 2 private IONM databases

in which patients undergoing LLIF were identified but no con-

trol group of patients without IONM were available for com-

parison. Second, the database did not contain postoperative

data, so whether the alerts prevented or missed postoperative

neurologic complications is unknown. Lastly, in patients

undergoing multilevel LLIF, we could not identify at which

level the alert occurred and therefore our analysis of IONM

alerts based on lumbar level is limited to patients undergoing

single-level LLIF.

In conclusion, the results of this study have implications for

future studies that attempt to clearly define which surgeries

utilizing LLIF techniques require multimodal IONM. Cur-

rently, the limitations of each modality and the lack of clinical

evidence have led to a wide range of IONM combinations

utilized for the same LLIF approach regardless of specific

lumbar level of total number of levels treated. It may be that

IONM provides the greatest utility at L4-L5, particularly

MEPs, and may not be necessary for more cephalad procedures

such as at L1-L2. Future studies should investigate the selective

use of IONM during LLIF with the hypothesis that SSEPs and

MEPs have low utility at upper lumbar segments and added

utility at lower lumbar segments.
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Multimodality intraoperative neuromonitoring in extreme lateral

interbody fusion. Transcranial electrical stimulation as indispen-

sable rearview. Eur Spine J. 2016;25(5):1581-1586.

18. Krieg SM, Bobinski L, Albers L, Meyer B. Lateral lumbar inter-

body fusion without intraoperative neuromonitoring: a single-

center consecutive series of 157 surgeries. J Neurosurg Spine.

2019;30(4):439-445.

19. Regev GJ, Chen L, Dhawan M, Lee YP, Garfin SR, Kim CW.

Morphometric analysis of the ventral nerve roots and retroperito-

neal vessels with respect to the minimally invasive lateral

approach in normal and deformed spines. Spine (Phila Pa

1976). 2009;34(12):1330-1335.

20. Louie PK, Haws BE, Khan JM, et al. Comparison of stand-alone

lateral lumbar interbody fusion versus open laminectomy and

posterolateral instrumented fusion in the treatment of adjacent

segment disease following previous lumbar fusion surgery. Spine

(Phila Pa 1976). 2019;44(24): E1461-E1469.

21. Ahmadian A, Bach K, Bolinger B, et al. Stand-alone minimally

invasive lateral lumbar interbody fusion: multicenter clinical out-

comes. J Clin Neurosci. 2015;22(4):740-746.

22. Castellvi AE, Nienke TW, Marulanda GA, Murtagh RD, Santoni

BG. Indirect decompression of lumbar stenosis with transpsoas

interbody cages and percutaneous posterior instrumentation. Clin

Orthop Relat Res. 2014;472(6):1784-1791.

23. Kepler CK, Sharma AK, Huang RC, et al. Indirect foraminal

decompression after lateral transpsoas interbody fusion. J Neuro-

surg Spine. 2012;16(4):329-333.

24. Ahmadian A, Deukmedjian AR, Abel N, Dakwar E, Uribe J.

Analysis of lumbar plexopathies and nerve injury after lateral

retroperitoneal transpsoas approach: diagnostic standardization.

J Neurosurg Spine. 2013;18(3):289-297.

25. Benglis DM, Vanni S, Levi AD. An anatomical study of the

lumbosacral plexus as related to the minimally invasive trans-

psoas approach to the lumbar spine. J Neurosurg Spine. 2009;

10(2):139-144.

26. Houten JK, Alexandre LC, Nasser RW, Wollowick AL. Nerve

injury during the transpsoas approach for lumbar fusion. J Neu-

rosurg Spine. 2011;15(3):280-284.

27. Nichols GS, Manafov E. Utility of electromyography for nerve

root monitoring during spinal surgery. J Clin Neurophysiol. 2012;

29(2):140-148

28. Lyon R, Lieberman JA, Feiner J, Burch S. Relative efficacy of

transcranial motor evoked potentials, mechanically-elicited elec-

tromyography, and evoked EMG to assess nerve root function

during sustained retraction in a porcine model. Spine (Phila Pa

1976). 2009;34(16): E558-E564.



Alluri et al 471

29. Jahangiri FR, Holmberg A, Vega-Bermudez F, Arlet V. Prevent-

ing position-related brachial plexus injury with intraoperative

somatosensory evoked potentials and transcranial electrical motor

evoked potentials during anterior cervical spine surgery. Am J

Electroneurodiagnostic Technol. 2011;51(3):198-205.

30. Uribe JS, Arredondo N, Dakwar E, Vale FL. Defining the safe

working zones using the minimally invasive lateral retroperito-

neal transpsoas approach: an anatomical study. J Neurosurg

Spine. 2010;13(2):260-266.

31. Mandelli C, Colombo E, Sicuri G, Mortini P. Lumbar plexus

nervous distortion in XLIF ® approach: an anatomic study. Eur

Spine J. 2016;25(12):4155-4163.

32. Moro T, Kikuchi S, Konno S, Yaginuma H. An anatomic study of

the lumbar plexus with respect to retroperitoneal endoscopic sur-

gery. Spine (Phila Pa 1976). 2003;28(5):423-428.

33. Davis TT, Bae HW, Mok JM, Rasouli A, Delamarter R. Lumbar

plexus anatomy within the psoas muscle: implications for the

transpsoas lateral approach to the L4-L5 disc. J Bone Joint Surg

Am. 2011;93(16):1482-1487.

34. Tohmeh AG, Rodgers WB, Peterson MD. Dynamically evoked,

discrete-threshold electromyography in the extreme lateral

interbody fusion approach. J Neurosurg Spine. 2011;14(1):

31-37.

35. Riley MR, Doan AT, Vogel RW, Aguirre AO, Pieri KS, Scheid

EH. Use of motor evoked potentials during lateral lumbar inter-

body fusion reduces postoperative deficits. Spine J. 2018;18(10):

1763-1778.

36. Traynelis VC, Abode-Iyamah KO, Leick KM, Bender SM, Green-

lee JDW. Cervical decompression and reconstruction without

intraoperative neurophysiological monitoring. J Neurosurg Spine.

2012;16(2):107-113.

37. Krause KL, Ii BC, Obayashi JT, Kawamoto A, Than KD. Intrao-

perative neuromonitoring for one-level lumbar discectomies is

low yield and cost-ineffective. J Clin Neurosci. 2020;71:97-100.


