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Summary

Objective: Degenerative disease of the lumbar spine often compromises the life quality of patients. In recent decades,
surgical procedures on the lumbar spine have been oriented to reduce risks, costs, and perioperative complications
by performing minimally invasive surgeries, specifically anterior lumbar interbody fusion (ALIF) and/or lateral lumbar
interbody fusion (LLIF). A large number of studies have evaluated these procedures, but those studies almost exclusively
evaluated clinical and radiological outcomes. This study aims to evaluate the safety of intraoperative neurophysiological
monitoring (IONM) during indirect decompression of the lumbar canal.

Methods: This descriptive case series study included 18 patients undergoing a surgical procedure for indirect
decompression of the lumbar spinal canal (ALIF/LLIF only or multilevel) from 2018-2019 in the Hospital Universitario
San Ignacio (HUSI). The authors measured neurophysiological parameters intraoperatively, with somatosensory-evoked
potentials (SSEPs) and motor-evoked potentials (MEPs). Changes in amplitude and latencies were evaluated.

Results: Eight subtypes of surgery were performed: 3 single-level ALIF (16.6%), 1 two-level ALIF (5.5%), 1 three-level
ALIF (5.5%), 3 single-level LLIF (16.6%), 2 two-level LLIF (11.1%), 2 three-level LLIF (11.1%), 1 three-level LLIF/ALIF (5.5%),
and 5 four-level LLIF/ALIF (27.7%). For all cases, SSEPs and MEPs basal registries were compared with the registries
after performing the interbody fusion. No changes were evidenced in the neurophysiologic parameters. There was no
postoperative neurologic deficit in any of the patients.

Discussion: Multimodal Intraoperative Neurophysiological Monitoring (MIONM) gives surgeons the certainty that no
neurological damage occurs during a surgical procedure. Interbody fusion is a safe procedure when it is performed with
an adequate surgical technique and multimodal monitoring. Multimodal monitoring allows the measurement of several
responses, with higher sensitivity and specificity than monitoring single responses. Future research is needed to develop
and validate protocols regarding the most appropriate monitoring technique (SSEPs, MEPs, EMGs, EMGt, or multimodal).
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techniques also create a larger area for fusion that increases
disc height and lumbar lordosis and contributes to indirect
decompression of the lumbar canal and neural foramina [2].
Lumbar stenosis can lead to neurogenic claudication or ra-
dicular symptoms when present within the foramen, when
nonoperative pain management fails to alleviate those symp-
toms, surgical interventions may be necessary and as previ-
ously stated, minimally techniques have been developed to
avoid the morbidity of traditional open surgery [3].

Spine surgeons always face choosing the surgical ap-
proach, among anterior, lateral, or a combination of the two.
It is known that ALIF has a higher rate of successful interbody
fusions due to wider exposure of the surgical field. This ex-
posure reduces complications, such as vertebral body frac-
ture, but increases other complications, such as injuries of
intra-abdominal organs, sympathetic plexus, or large blood
vessels. The ALIF also lengthens surgical time and patient ex-
posure [4,5]. The LLIF, on the other hand, avoids exposure
of intra-abdominal viscera with a reduction in the possibili-
ty of injuries to those organs or large blood vessels. It also
shortens the recovery period and hospital stay [5]. These
techniques, however, carry a slightly higher index of neuro-
logical complications of different sorts. The LLIF employs the
creation of a corridor through the psoas muscle, with the risk
of iatrogenic injuries of the lumbar plexus located within the
muscle, and complications such as transient motor weakness,
hypoesthesia, and femoral nerve injury, among others. There
are also certain mechanisms of injury difficult to identify, such
as the secondary ischemia due to constant traction of nerve
roots [6]. This mechanism of injury has a low frequency of
occurrence, but it has the potential to produce an important
neurological deficit [7]. The IONM has recently been used as
a tool to avoid such a complication, as it allows a real-time
assessment of the spinal medulla function during the surgical
procedure [8-11].

The role of IONM during pedicle fixation was not appreci-
ated until recent times. It is now considered a highly valuable
tool, in addition to surgical technique and intraoperative fluo-
roscopy [12]. However, to the best of our knowledge, the use
of IONM during minimally invasive procedures for indirect
decompression of the lumbar canal, such as ALIF and LLIF, has
not been reported. That is the reason for this paper.

Methods

This descriptive case series study evaluated intraoperative
neurophysiological parameters in 18 patients of all ages who
underwent a surgical procedure for indirect decompression
of the lumbar canal (ALIF/LLIF only, or multilevel), from 2018-
2019 in the Hospital Universitario San Ignacio (HUSI). Patients
with tumors, infections (confirmed with MRI and blood panel
test), or non-adequate images were excluded from the study.
Data were obtained from Sistema de Administracién Hospi-
talaria Integrado (SAHI), the integrated database of the HUSI.
The study was approved by the institutional review board.
Each patient underwent imaging studies with magnetic res-
onance imaging of the lumbar spine, panoramic X-ray (for
measurement of sagittal and spine-pelvic parameters), and
dynamic X-rays. All measurements were performed by two

attending spine neurosurgeons. The best surgical approach
for each patient (in this case, anterior, lateral, or combined)
was defined according to these measurements. All patients
underwent pre-anesthetic assessment before the surgery
and obtained anesthesiology approval.

During each surgery, a physiatrist performed IONM with
a Medtronic NIM-Eclipse™ E4 system, that measured basal
and final amplitudes and latencies of SSEPs and MEPs. Reg-
istries were made at the beginning of the procedure (basal
registry) and immediately as the interbody fusion cages were
positioned (post-fusion registry), and these were compared.
Box-and-whisker plots were made to explore the variation in
SSEPs and MEPs measurements before and after the inter-
vention.

The spontaneous electromyographic activity was also
measured, though this parameter was not taken into account
due to the high sensitivity of the electrode to nerve stimula-
tion (by retraction or irrigation). Also, the electrode picks up
interference (from cauterization devices, electrocardiography
electrodes, or drilling devices) that may be misinterpreted as
electromyographic activity.

The alarm signs were a prolongation of latencies of 10%
or more or a reduction of amplitudes of 50% or more. In such
cases, a careful evaluation of the surgical field was required,
to prevent any neurological complication. All patients were
given a liquid diet and allowed assisted ambulation 4 hours
after surgery. A follow-up X-ray was taken on the first post-
operative day. Patients were released after 24-48 hours of
postoperative surveillance. All patients had a follow-up ap-
pointment at two weeks, one month and every six months
thereafter and the mean follow-up in time was 3.8-years.

Results

During the selection process, 61 patients underwent in-
terbody fusion procedures. All patients were referred to neu-
rosurgery consultation due to axial or radicular lumbar pain,
and all had undergone percutaneous procedures for pain
management (facet or epidural block) without improvement,
which was the reason to perform surgery. In 18 (30% of the
patients), IONM was performed; 10 (56%) were women and
8 (44%) were men. The majority of patients were older than
60 years (83%) and only 3 patients were younger than age
60 (Table 1). Regarding the type of intervention, 8 subtypes
of surgery were performed: 3 single-level ALIF (16.6%), 1

Table 1: Demographic data.

General description of the population (N = 61) n (%)
WITH intraoperative neurophysiologic monitoring 18 (30)
WITHOUT intraoperative neurophysiologic monitoring | 43 (70)
Gender (with monitoring)

Female 10 (56)
Male 8 (44)
Age group (with monitoring)

> 60-year-old 15 (83)
50-60 year-old 3(17)
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Figure 1: Surgical procedures for indirect decompression of the spinal canal according to type.
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Figure 2: Somatosensory-evoked potentials.

two-level ALIF (5.5%), 1 three-level ALIF (5.5%), 3 single-lev-  procedures (Figures 2 and Figures 3).
el LLIF (16.6%), 2 two-level LLIF (11.1%), 2 three-level LLIF
(11.1%), 1 three-level LLIF/ALIF (5.5%) and 5 four-level LLIF/
ALIF (27.7%) (Figure 1).

No neurological deficit or complication of another type
(organ or vascular injury) was reported in any patient after
interbody fusion procedures. There was no fatal outcome

Box-and-whisker plots evidenced no changes in neuro-  during procedures or patient follow-ups.
physiological parameters during the performance of surgical
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Figure 3: Motor-evoked potentials.
Discussion validate the efficacy of IONM. Generally, the use of IONM is

The IONM emerges from an important limitation for
clinical evaluation of nervous system function during surgi-
cal procedures. Registries obtained through IONM provide a
real-time assessment of changes in the patient, which guide
the surgeon in a procedure and ease intraoperative deci-
sion-making.

Despite advances in neuromonitoring technologies, there
are no prospective studies with a high level of evidence that

prompted by the surgeon’s preference or by medicolegal is-
sues [10].

Latency is the time it takes for an electrical stimulus to
elicit a response; amplitude is the size of that response. Sur-
gical goal is to avoid reduction in amplitudes or prolongation
of latencies after performing decompression when the inter-
body cage is positioned. Evaluation of SSEPs and MEPs in each
patient undergoing indirect lumbar canal decompression by
minimally invasive procedures in this study showed no vari-
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ability in the potentials. This assessment verified the integ-
rity of the nervous system during surgical procedures, which
correlated with the evidence of no neurological deficit in the
postoperative period.

It is important to take into account factors, such as the
anesthetic regimen, unrelated to the procedure that might
affect the neurophysiological results. Especially, MEPs can be
significantly altered by the type and level of anesthesia [13].
Hemodynamic parameters can also alter evoked potentials.
A reduction in cerebral blood flow alters the cortical evoked
responses, as well as the subcortical responses in SSEPs. He-
matocrit reduction of 10-15% has been associated with pro-
longed latency, which normalizes when hematocrit increases.
Most studies have been performed with SSEPs, and results
are extrapolated to MEPs [10]. For these reasons, it is crucial
to control all variables that might prompt changes in neuro-
physiological parameters before reaching conclusions and
making decisions based on potentially biased results.

The use of IONM is increasing in spine surgical proce-
dures. There are, however, doubts about immediate changes
in neurophysiological parameters and their diagnostic values.
A study by Garcés, et al. failed to demonstrate a reduction
in the incidence of misplaced pedicle screws. With increased
costs and surgical time, the authors did not find a benefit for
IONM during TLIF-MIS [14]. Ibrahim, et al. studied 121 pa-
tients and concluded that neuromonitoring has a poor pos-
itive predictive value. They concluded it is an inappropriate
test for preventing neurological injury [15].

Conversely, Biscevic, et al. Consider that an adequate se-
lection of patients, surgical planning, surgical technique, and
a diligent IONM are key points in preventing a neurological
deficit in spine surgery. The authors propose a combination of
MEP and SSEPs (the same recommendation of the institution
in the present study) as the preferred method of monitoring
[16].

Sutter, et al. Consider that IONM is an effective and pre-
cise tool to evaluate medullar and radicular function during
spine surgery, helping reduce neurological complications. The
authors emphasize multi modal monitoring as fundamental,
given that measuring different responses results in sensitiv-
ity and specificity of 93.0% and 99.1%, respectively. In their
cohort, the comparison with the use of single modalities
showed variability from 13-81% for detection of neurological
complications [17].

Cofano, et al. found IONM as a reliable indicator of func-
tional injury, especially during lateral transpsoas access for
interbody fusion and the divergent trajectory for cortico-pe-
dicular screws. In these particular techniques, because of re-
duced visual exposure, neuromonitoring is indeed essential
to exploit the full potential of minimally invasive surgery,
while avoiding damage to nervous structures [18].

Performing IONM during interbody-fusion procedures for
degenerative disease of the lumbar spine provides certainty
that no neurological damage occurs during a surgical proce-
dure, just as this study finds. These procedures are safe when
an adequate technique is used, depending on the surgeon’s

expertise. These minimally invasive interbody fusions resultin
shorter surgical time, reduced hospital stay, and lower rates
of complication. They are also associated with unharmed in-
traoperative neurophysiological parameters. This proves the
integrity of the nervous system and confirms the safety of
these procedures.

The strengths of our paper are its originality and novelty,
to the best of our knowledge there has not been published
any other paper evaluating the safety of intraoperative neu-
rophysiological monitoring during indirect decompression in
lumbar spinal surgery. This study also has an important lim-
itation, the small sample size, which is due to the fact that
during ALIF procedures the IONM is not performed as a rou-
tine, so in a close future this could be considered as a routine
parameter during these types of procedures for investigation
purposes.

Conclusions

There is clear controversy regarding the use of IONM.
There is, however, an increasing tendency to prefer its use.
Along with this preference, there is a supporting body of ev-
idence such as the experience of the institution in this study.
The lack of evidence of immediate positive changes in mea-
surements performed brings us to the understanding that
IONM is not a predictive factor of prognosis of clinical im-
provement, but it is a factor for safety and for clinical correla-
tion with perioperative neurological complications. Future
investigation should develop and validate protocols with the
most adequate monitoring (SSEPs, MEPs, EMGt, or multimod-
al).
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