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Abstract BACKGROUND CONTEXT: Intraoperative somatosensory evoked potential (SSEP) monitoring
has been shown to reduce the incidence of new postoperative neurological deficits in scoliosis
surgery. However, its usefulness during cervical spine surgery remains a subject of debate.
PURPOSE: To determine the utility of intraoperative SSEP monitoring in a specific patient pop-
ulation (those with cervical radiculopathy in the absence of myelopathy) who underwent anterior
cervical discectomy and fusion (ACDF) surgery.
STUDY DESIGN: Retrospective review.
PATIENT SAMPLE: A total of 1,039 nonmyelopathic patients who underwent single or multilevel
ACDF surgery. The control group (462 patients) did not have intraoperative SSEP monitoring, whereas
the monitored group (577 patients) had continuous intraoperative SSEP monitoring performed.
OUTCOME MEASURE: A new postoperative neurological deficit.
METHODS: SSEP tracings were reviewed for all 577 patients in the monitored group and all
significant signal changes were noted. Medical records were reviewed for all 1,039 patients to
determine if any new neurological deficits developed in the immediate postoperative period.
RESULTS: None of the patients in the control group had any new postoperative neurological def-
icits. In the monitored group there were six instances of transient SSEP changes (1 due to suspected
carotid artery compression; 5 thought to be due to transient hypotension) which resolved with the
appropriate intraoperative intervention (repositioning of retractors; raising the arterial blood pres-
sure). Upon waking up from anesthesia, one patient in the monitored group had a new neurological
deficit (partial central cord syndrome) despite normal intraoperative SSEP signals.
CONCLUSIONS: ACDF appears to be a safe surgical procedure with a low incidence of iatrogenic
neurological injury. Transient SSEP signal changes, which improved with intraoperative interven-
tions, were not associated with new postoperative neurological deficits. An intraoperative neurological
deficit is possible despite normal SSEP signals. � 2007 Elsevier Inc. All rights reserved.
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Introduction

Intraoperative somatosensory evoked potential (SSEP)
monitoring is a frequently used modality for detecting and
preventing neurological injury during spine surgery. Its
use during scoliosis surgery has dramatically reduced the
incidence of new postoperative neurological deficits by

mailto:donaldsonwf@upmc.edu


84 P.N. Smith et al. / The Spine Journal 7 (2007) 83–87
approximately one-half [1–7]. However, despite the demon-
strated usefulness of SSEP monitoring during scoliosis
surgery, debate exists concerning its utility for other types
of surgical procedures, such as cervical spine surgery [8].

Anterior cervical discectomy and fusion (ACDF) surgery
is commonly used to treat cervical radiculopathy. During
ACDF, intraoperative SSEPs are often monitored to detect
spinal cord injury [9–12]. However, prior literature has pro-
vided mixed conclusions as to the utility of SSEP monitoring
during anterior cervical surgery. Unfortunately, these previ-
ous studies combined data from corpectomy surgeries with
discectomy surgeries and do not differentiate between
patients with diagnoses of radiculopathy and myelopathy
[8,13–16]. Because of the distinct differences between the
pathophysiology of radiculopathy and myelopathy, and the
differences between the technical aspects of discectomy
and corpectomy surgeries, it is difficult to arrive at a firm con-
clusion regarding the utility of SSEP monitoring without
studying these groups separately. Therefore, the goal of this
study was to retrospectively review patients with a preopera-
tive diagnosis of cervical radiculopathy in the absence of my-
elopathy who underwent single or multilevel ACDF either
with or without intraoperative SSEP monitoring, and to de-
termine if the use of intraoperative SSEP monitoring resulted
in fewer new postoperative neurological deficits as compared
with unmonitored cases. To our knowledge, this is the first
study of its kind to specifically evaluate the usefulness of
intraoperative SSEP monitoring in nonmyelopathic patients
undergoing ACDF.

Materials and methods

Study design

This study is a retrospective review of ACDF surgery
cases from 1995 to 2004 performed by four different spine
surgeons from a single institution (WCW, PG, JDK, WFD).
Criteria for inclusion in the study included those patients
who had undergone one-, two-, or three-level, instrumented
or noninstrumented fusion with either allograft or autograft
bone with a preoperative diagnosis of cervical stenosis, rad-
iculopathy, herniated nucleus pulposus, junctional stenosis,
or nonunion from prior surgery. Corpectomy or hemicor-
pectomy surgery, tumor, or a diagnosis of myelopathy were
used as exclusion criteria.

Patient population

A total of 1,039 patients were included in the study
(Table 1). The control group consisted of 462 cases in
which intraoperative SSEP monitoring was not performed.
The monitored group consisted of 577 cases where intrao-
perative SSEP monitoring included cortical and subcortical
recordings in response to simultaneous stimulation of
the upper (median or ulnar) and lower extremity (tibial or
peroneal) nerves.
Neurophysiological monitoring

Baseline SSEPs were obtained after induction of anes-
thesia and before patient positioning in all cases. Continu-
ous upper and lower extremity stimulation was performed
simultaneously throughout the surgical procedure. The up-
per extremity nerve to be stimulated was chosen based on
the level at which the decompression was to be performed.
At our institution, the average cost of SSEP monitoring is
approximately $600 to $800 per case.

Median/ulnar nerve SSEPs

The median or ulnar nerve was stimulated bilaterally in
an alternating fashion at the wrist using subdermal needle
electrode pairs. Scalp electrodes were P4/Fz and P3/Fz (ac-
cording to the international 10-20 system), and a cervical
electrode was localized at the C7 spinous process and ref-
erenced to Fz. Constant voltage stimulators using sufficient
intensity to evoke a consistent response produced evoked
sensory potentials. Stimulation frequency was 3.43 Hz with
duration of 0.2 ms. Bandpass filters were set at 3–300 Hz
with a gain of 20k for cortical recordings and 30–1,000
Hz with a gain of 50k for cervical recordings. Averages
were computed for 128 trials.

Peroneal/tibial nerve SSEPs

Alternating bilateral tibial nerve stimulation was used
unless reproducible responses were unattainable, in which
case the peroneal nerve was stimulated. The tibial nerve
was stimulated at the ankle using subdermal needle elec-
trode pairs with proximally placed cathodes and the anode
placed ~1 cm away. The peroneal nerve was stimulated us-
ing pairs of subdermal needles located at the head of the
fibula and medially in the popliteal fossa. Recordings were
obtained from the scalp and cervical region also using sub-
dermal electrodes. Scalp electrodes were Pz/Fz and P3/P4
(according to the international 10-20 system), and the cer-
vical electrode was localized at the C7 spinous process and
referenced to Fz. Evoked sensory potentials were produced
by constant voltage stimulators using sufficient intensity to
evoke a consistent response. Stimulation frequency was
3.43 Hz with duration of 0.2 ms. Bandpass filters were
set at 3–300 Hz with a gain of 20k for cortical recordings
and 30–1,000 Hz with a gain of 50k for cervical recordings.
Averages were computed for 128 trials.

Table 1

Numerical breakdown of patients by number of cervical spine levels being

decompressed and fused in the control and monitored groups

1-level

ACDF

2-level

ACDF

3-level

ACDF

Control group (n5462) 242 213 7

Monitored group (n5577) 288 231 58

Total (n51039) 530 444 65

ACDF5anterior cervical discectomy and fusion.
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Alarm criteria

Initial recordings, made after induction of anesthesia and
before positioning, served as baselines. SSEPs were col-
lected continuously (~1 average every 40 seconds) through-
out the procedure. Reduction in primary somatosensory
cortical amplitude in the cervically recorded response by
greater than 50% or prolongation of response latency by
greater than 10% unrelated to changes in anesthesia was
viewed as being significant, and the surgeon was informed.
These criteria have been previously validated and agreed
upon in the literature as being of optimal sensitivity and
specificity for detecting iatrogenic injury in the spinal cord
[17]. While a 50% decrease in amplitude and 10% increase
in latency are widely accepted as being significant, caution
should always be taken and interpretation of significance
should be considered on a case by case basis.

Medical record review

Patient records were reviewed for all 1,039 patients to de-
termine if any new neurological deficits (motor or sensory)
occurred in the immediate postoperative period. SSEP trac-
ings for all 577 monitored patients were reviewed to deter-
mine if a significant decrease in SSEP signals occurred. For
these patients, operative records were reviewed to determine
whether or not any intraoperative intervention (e.g., reposi-
tioning of instrumentation, graft, or retractor; increasing
blood pressure) led to an improvement of SSEP signals.

Results

SSEP signal changes

In the monitored group (577 patients), six instances of
transient significant SSEP changes were observed (Table 2).
One case was attributed to carotid artery compression
which resolved with retractor repositioning (Patient 6),
and five cases were thought to be due to transient hypoten-
sive episodes which resolved with increasing blood pres-
sure (Patients 1 through 5). After the aforementioned
interventions, SSEP signal changes normalized and re-
turned to baseline for all patients. No patient had persistent,
irreversible SSEP changes equal to or greater than the
threshold value (50% decrease in amplitude or a 10% in-
crease in response latency).

New postoperative neurological deficits

None of the patients in the control group (462 patients)
had a new postoperative neurological deficit.

In the monitored group (577 patients), none of the patients
who had transient, reversible SSEP signal changes (Table 2:
Patients 1 through 6) had a new postoperative neurological
deficit. However, one patient in the monitored group had
a new postoperative deficit (Table 2: Patient 7). This patient
was a nonmyelopathic 43-year-old male who underwent an
uneventful two-level (C4–C6) ACDF. There were no intrao-
perative complications. Postoperatively he woke up with
a new neurological deficit, consisting of bilateral hand numb-
ness in the absence of motor weakness. Neurosurgical evalu-
ation was obtained, and a diagnosis of a partial central cord
syndrome was made. No further imaging was obtained, and
no subsequent interventions were undertaken. This deficit
completely resolved during the patient’s hospital stay. In this
case no significant changes in the intraoperative SSEP
recordings were observed at any point during the procedure.

Therefore, the incidence of a new neurological deficit in
this study was 1 out of 1,039 cases (0.09%).

Discussion

The utility of intraoperative SSEP monitoring during
spinal surgery was first established in the late 1970s. SSEP
monitoring resulted in a decrease in the incidence of new
postoperative neurological complications after surgery for
spinal trauma and tumor resection [18–24]. Advances in
intraoperative SSEP monitoring during scoliosis surgery
in the 1980s are credited for contributing to the reduction
in incidence of new neurological complications from
4–6.9% to approximately 0–0.7% [25–29].

Despite these successes, the utility of intraoperative
SSEP monitoring during cervical spine surgery is still a sub-
ject of debate. For example, Epstein et al. reported that in-
traoperative SSEP monitoring during cervical spine surgery
Table 2

Patients with intraoperative SSEP changes or new postoperative neurological deficits

Patient Age

Gender

(M/F)

No. of

ACDF levels

SSEP

changes?*

Intraoperative maneuver

leading to SSEP improvement

New postoperative

neurological deficit?

1 46 M Two (C5–C7) Yes (Transient) Increasing BP No

2 51 M One (C6–C7) Yes (Transient) Increasing BP No

3 44 M Two (C2–C4) Yes (Transient) Increasing BP No

4 56 M Two (C5–C7) Yes (Transient) Increasing BP No

5 64 M One (C5–C6) Yes (Transient) Increasing BP No

6 70 F Two (C4–C6) Yes (Transient) Retractor repositioning No

7 43 M Two (C4–C6) No change N/A Yes (partial central

cord syndrome)

ACDF5anterior cervical discectomy and fusion; SSEP5somatosensory evoked potential; BP5blood pressure; N/A5not applicable.

* Defined as 50% decrease in amplitude or 10% increase in latency.



86 P.N. Smith et al. / The Spine Journal 7 (2007) 83–87
decreased the incidence of new postoperative neurological
injury from 3.7% to 0% [30]. In that study, 8 of 218 patients
who were unmonitored became quadriplegic, whereas none
of the 100 monitored patients had new postoperative defi-
cits. Other studies have found intraoperative SSEP monitor-
ing during cervical spine surgery to be less useful.
Hilibrand et al. compared transcranial electric motor-
evoked potential (tceMEP) monitoring and SSEP monitor-
ing during cervical spine surgery [8]. Their data showed
that the sensitivity and specificity of tceMEP monitoring
was 100%, which compared with 25% sensitivity and
100% specificity for SSEP monitoring. Moreover, a signifi-
cant ‘‘temporal difference’’ was reported with SSEP
lagging behind tceMEP by 3 to 33 minutes. Deutsch
et al. studied intraoperative SSEP monitoring during ante-
rior thoracic vertebrectomy in 44 patients [31]. Four
patients had a new postoperative neurological deficit de-
spite stable intraoperative SSEP tracings. The study demon-
strated a 9% false negative rate and 0% sensitivity for
intraoperative SSEP monitoring. Jones et al. reported two
cases of temporary quadriparesis after anterior cervical
surgery with normal intraoperative SSEP tracings [32].

Although most of the aforementioned studies with SSEP
and cervical surgery have included both ACDF and corpec-
tomies, these procedures have significant differences. For
example, cervical traction applied during corpectomy sur-
gery is known to affect SSEP signals, possibly because of
bulging of the disc and the posterior longitudinal ligament
[14]. Also, cervical radiculopathy and myelopathy have
distinct differences in their pathophysiologies. Unlike radi-
culopathy, vascular factors are thought to play a significant
role in the development of cervical myelopathy which may
render the spinal cord more sensitive to a surgical interven-
tion [33]. Therefore, the usefulness of intraoperative SSEP
monitoring in the setting of a specific diagnosis and a single
surgical procedure needs to be more thoroughly evaluated.
Two such reports have been recently published. In a review
of 508 cervical corpectomy surgery cases, Khan et al.
reported that SSEP monitoring has a low sensitivity for
neurological deficits during cervical corpectomy surgery
[34]. Similarly, Taunt et al. published their experience with
163 patients who underwent ACDF with SSEP monitoring
[35]. They concluded that intraoperative SSEP monitoring
does not appear to be useful during ACDF.

In our study, the incidence of new neurological deficits
was 1 in 1,039 cases (0.09%). The rarity of this occurrence
is in agreement with Jones et al. who reported 2,000
consecutive cases of anterior cervical discectomy surgery
without any new deficits [32]. Because incidence affects
the sensitivity and specificity of a test, the low incidence
of neurological deficits during ACDF (in this group of
nonmyelopathic patients) may make intraoperative SSEP
monitoring of limited utility. It is interesting to note that
there were six instances of transient SSEP changes in the
monitored group, and they all resolved with specific inter-
ventions (1 case of carotid artery compression which
resolved with retractor repositioning and 5 cases of hypo-
tensive episodes which resolved with raising blood pres-
sure). It is unknowable how many of the patients in the
control group would have also demonstrated transient sig-
nal changes associated with vascular compression or hypo-
tension, had intraoperative SSEPs been used. However,
none of the 462 patients in the control group had a new
postoperative neurological deficit. The clinical significance
of the transient SSEP signal changes observed in the mon-
itored group cannot be determined, because in each case an
intraoperative intervention (ie, retractor repositioning, rais-
ing blood pressure) restored the transient SSEP signal
changes to baseline values. However, it is possible that such
transient SSEP signal changes, if uncorrected, might ulti-
mately have resulted in clinical morbidity. Furthermore,
although no iatrogenic injury occurred in the control group,
it is not known if any of these patients experienced vascular
compression or hypotension comparable to the monitored
group. One way to evaluate the utility of intraoperative
SSEP monitoring would be to design a prospective study
whereby intraoperative SSEP monitoring is performed but
the data are not shared with the surgeon or the anesthesiol-
ogist during the surgical procedure. However, ethical and
legal considerations may make such a study unfeasible.

A possible reason for the limited utility of SSEP moni-
toring during anterior cervical surgery may be related to the
region of spinal cord being monitored when employing
SSEPs. SSEP monitoring is thought to assess the functional
integrity of the ascending dorsal column pathways exclu-
sively. It could be argued that anterior cervical surgery,
regardless of its nature, has a higher likelihood of endanger-
ing the anterolateral corticospinal motor tracts, located
more anteriorly in the spinal cord. For this reason, proce-
dures involving a higher risk to the spinal cord (ie, corpec-
tomy, cervical laminectomy in myelopathic patients) may
warrant the use of multimodality monitoring such as
combined SSEP and tceMEP monitoring, which when used
together can more fully assess integrity of the posterior as
well as anterior spinal cord.

The strength of this study is that it focuses on a subset of
patients with a narrowly defined diagnosis (radiculopathy
without myelopathy) who underwent a specific surgical
procedure (ACDF). Also, because four different surgeons
performed the surgical procedures, the fact that only 1 of
1,039 patients had a new postoperative neurological deficit
suggests that ACDF is associated with a low risk of neuro-
logical injury in the hands of well trained orthopedic and
neurological surgeons alike. Finally, this study had a cohort
of unmonitored patients for comparison. The major weak-
ness of this study is that it was retrospective in nature. Also,
the rarity of iatrogenic intraoperative injury during ACDF
surgery may necessitate studying a much larger number
of patients in order to determine whether SSEP monitoring
is efficacious. Finally, the decision whether or not to obtain
intraoperative SSEP monitoring was not based on a uniform
preoperatively agreed-upon set of criteria. It is possible that
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based on personal preference and prior experience, the sur-
geons may have decided to obtain neurophysiological mon-
itoring in patients thought to be at higher risk. Therefore, it
is possible that the monitored group had a higher underly-
ing risk of sustaining an intraoperative iatrogenic injury as
compared with the control group. In this respect, a prospec-
tive randomized clinical trial may be more informative.

Conclusion

ACDF surgery in nonmyelopathic patients has a low
incidence of iatrogenic spinal cord injury. A neurological
deficit occurred in the presence of normal intraoperative
SSEP signals. In this retrospective study, intraoperative
SSEP monitoring during ACDF surgery in nonmyelopathic
patients was not superior to unmonitored cases.
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