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Study Design. Retrospective review.
Objectives. To review consecutive cases of cervical

spine corpectomy surgery performed with intraopera-
tive somatosensory-evoked potential (SSEP) monitoring.

Summary of Background Data. There is controversy
about the utility of SSEP monitoring during anterior cer-
vical spine surgery. There is no study in the literature that
has specifically evaluated the utility of SSEP monitoring
for cervical spine corpectomy surgery.

Methods. Intraoperative SSEP tracings for 508 pa-
tients (average age, 55.7 years; 268 male, 240 female)
who underwent anterior cervical fusion with single-level
or multilevel corpectomies were reviewed. Intraoperative
and postoperative records were analyzed to determine if
any new neurologic deficits developed when the patients
woke up from anesthesia.

Results. The overall incidence of a new postoperative
neurologic deficit in this series of patients was 2.4% (11
with nerve root injury, 1 with quadriplegia). The incidence
of significant SSEP changes was 5.3% (27 of 508 patients).
The most common identifiable cause of SSEP changes
was hypotension, and the most common neurologic def-
icit was deltoid (C5) weakness. One patient had irrevers-
ible SSEP changes, and he woke up with new-onset quad-
riplegia. The calculated sensitivity and specificity of
intraoperative SSEP monitoring for detecting impending
or resultant intraoperative iatrogenic neurologic injury
were 77.1% and 100%, respectively. However, if the iso-
lated nerve root injuries are removed from the analysis,
then both the calculated sensitivity and the negative pre-
dictive values were 100%.

Conclusions. Intraoperative SSEP monitoring can alert
the surgeon to adverse iatrogenic intraoperative events
with potential for neurologic injury. Most SSEP signal
changes are reversible and do not result in a clinical
deficit. Isolated nerve root injury appears to be the most
common iatrogenic intraoperative injury during cervical
spine corpectomy surgery.
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Although a relatively rare occurrence, a neurologic defi-
cit is one of the most feared complications of spine sur-
gery. Therefore, there has been great interest during the
past several decades in developing monitoring methods
that can accurately assess the functional integrity of the
spinal cord during spine surgery. One such widely used
technique is somatosensory-evoked potential (SSEP)
monitoring. The routine use of intraoperative SSEP mon-
itoring has led to a dramatic reduction in new postoper-
ative neurologic deficits during scoliosis and anterior
thoracic spine surgery.1,2 However, the usefulness of
SSEP monitoring for other surgical procedures of the
spine, such as anterior cervical spine surgery, has been
the subject of debate in the literature.3–6

Patients with cervical myelopathy often require ante-
rior fusion and decompression with single-level or mul-
tilevel corpectomies.7 Two risks of this procedure are
iatrogenic spinal cord injury resulting in significant neu-
rologic deficits ranging from limb weakness to quadri-
plegia and isolated nerve root deficits producing single
muscle weakness usually in the deltoid muscle (C5) and
occasionally the biceps (C6). Therefore, detecting such
events in real time during the surgery is of critical impor-
tance since it can enable the implementation of appropri-
ate intraoperative countermeasures. Although SSEP
monitoring is widely performed for this purpose during
anterior cervical spine surgery, to our knowledge there is
no large study that has assessed the usefulness of intra-
operative SSEP monitoring specifically for patients un-
dergoing cervical corpectomy surgery. Unfortunately, re-
ports in the literature cited in support of SSEP monitoring
for anterior cervical spine surgery are hampered by
methodologic issues. For example, most studies have
combined data from patients undergoing cervical spine
corpectomy surgery with patients undergoing anterior
cervical discectomy and fusion.6,8 However, because of
underlying pathophysiologic differences between cervi-
cal myelopathy and radiculopathy, these groups need to
be studied separately. Also, since there are significant
technical differences between cervical spine corpectomy
and discectomy surgeries, the results of these surgical
procedures should be interpreted in the appropriate
context. Therefore, the usefulness of SSEP monitoring
for patients undergoing cervical corpectomy needs to be
the subject of a separate investigation.

The goal of this study was to retrospectively review
consecutive cases of cervical spine corpectomy surgery
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performed at our institution over a 10-year period with
intraoperative SSEP monitoring. We wanted to identify
cases accompanied by new postoperative neurologic def-
icits or intraoperative SSEP changes, so that the sensitiv-
ity and specificity of intraoperative SSEP monitoring for
detecting impending or resultant neurologic injury dur-
ing cervical spine corpectomy surgery could be deter-
mined. This is the first, largest, and most detailed study
of its kind to address these issues specifically for cervical
spine corpectomy surgery.

Materials and Methods

Study Design. We retrospectively reviewed consecutive cases
of cervical spine corpectomies with fusion performed at our
institution between 1994 and 2004 by four different surgeons
(J.D.K., W.F.D., W.C.W., P.G.) and monitored by the same
group of neurophysiologists (J.R.B., D.C., R.J.S.). Inclusion
criteria for the study included patients who underwent anterior
cervical fusion with one-, two-, or three-level corpectomies us-
ing allograft or autograft bone. Patients who did not have in-
traoperative SSEP monitoring available or those in whom such
monitoring could not be performed due to technical reasons
were excluded from this study. Patients who did not have a
documentation of postoperative neurologic status were also
excluded. Using these criteria, a total of 508 patients were thus
identified (268 male, 240 female), which included 107 patients
with revision surgery. The average patient age was 55.7 years,
and the most common diagnosis was congenital or spondylotic
cervical stenosis and myelopathy.

Neurophysiologic Monitoring. Intraoperative SSEP moni-
toring is standard at our institution for almost all cases of
cervical spine corpectomy surgeries. Baseline SSEP values were
obtained after the induction of anesthesia before patient posi-
tioning in all cases. Throughout the procedure, continuous up-
per and lower extremity responses were obtained. All patients
were monitored in the same fashion.

Upper Extremity SSEPs. Median or ulnar nerve stimulation
was performed bilaterally in an alternating fashion at the wrist
with subdermal needle electrode pairs. Whether median or ul-
nar nerve was stimulated was based on the cervical level(s)
being decompressed. Pz/Fz and P4/F3 scalp electrodes were
used (per the international 10–20 system). A cervical electrode
was localized at the C7 spinous process and referenced to Fz.
Constant voltage stimulators using sufficient intensity to evoke
a consistent response produced evoked sensory potentials.
Stimulation frequency was 2.45 Hz with duration of 0.2 milli-
seconds. Bandpass filters were set at 33 to 300 Hz with a gain of
20k for cortical recordings and 30 to 1,000 Hz with a gain of
50k for cervical recordings. Averages were computed for either
64 or128 trials, depending on the signal quality.

Lower Extremity SSEPs. For the lower extremities, bilateral
alternating tibial nerve stimulation was used, unless reproduc-
ible responses could not be obtained. In such cases, peroneal
nerve stimulation was employed instead. Tibial nerve stimula-
tion was performed at the ankle with subdermal needle elec-
trode pairs with a proximally placed cathode and an anode
placed approximately 1 cm distally. The peroneal nerve was
stimulated using 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 with subder-
mal electrodes. Pz/Fz and P4/P3 scalp electrodes were used (per
the international 10–20 system). A cervical electrode was lo-
calized at the C7 spinous process and referenced to Fz. Evoked
sensory potentials were produced by constant voltage stimula-
tors using sufficient intensity to evoke a consistent response.
Stimulation frequency was 2.45 Hz with duration of 0.2 milli-
seconds. Bandpass filters were set at 33 to 300 Hz with a gain of
20k for cortical recordings and 30 to 1,000 Hz with a gain of
50k for cervical recordings. Averages were computed for either
64 or 128 trials depending on the signal quality.

Alarm Criteria. The initial recordings made after induction of
anesthesia and before positioning were used as baseline values.
Continuous SSEP signals were collected (approximately 1 every
40 seconds). We considered a 50% reduction in primary so-
matosensory cortical amplitude or a prolongation of response
latency by �10% to be significant. These criteria are generally
agreed on in the literature as being of optimal sensitivity and
specificity for detecting iatrogenic spinal cord injury.9 –13

Henceforth, these threshold signal changes will be referred to
as “significant.” It should be cautioned that while a 50%
change in amplitude and/or a 10% increase in latency are
widely accepted as being clinically significant, the interpreta-
tion of such a change should be made on a case-by-case basis
with clinical correlation.

Medical Record Review. Medical records for all 508 pa-
tients were reviewed to determine if any new neurologic deficits
developed when the patient woke up from anesthesia. The
medical records were reviewed independently without knowl-
edge of the intraoperative SSEP changes in a blinded fashion.
Any new postoperative motor/sensory deficits or bowel/
bladder changes were considered to be iatrogenic intraopera-
tive injuries. Similarly, the intraoperative SSEPs for all 508
patients were reviewed independently without knowledge of
the postoperative neurologic outcome in a blinded fashion.
Next, the intraoperative records of patients who demonstrated
significant SSEP changes were further scrutinized to determine
if such a change occurred in temporal proximity to specific
intraoperative events (e.g., hypotension, retractor placement,
intervertebral disc space distraction, dislodgement of bone
graft, introduction of instrumentation, accidental durotomy, a
specific operative maneuver). In such cases, intraoperative
records were reviewed to determine if any subsequent intraop-
erative countermeasures (e.g., increasing the mean arterial
blood pressure, retractor repositioning, relieving intervertebral
disc space distraction, bone graft removal, instrumentation re-
moval or readjustment, cessation of operative maneuver) were
undertaken and whether or not the SSEP signals improved fol-
lowing these actions. Such countermeasures will be henceforth
referred to as “interventions.”

Data Analysis. To determine the sensitivity and specificity of
intraoperative SSEP monitoring for detecting impending or re-
sultant iatrogenic neurologic injury, we defined and then clas-
sified each the 508 operative cases as one of the following:

True Positive (TP). Significant SSEP signal changes accompa-
nied by a new postoperative neurologic deficit. Or, a case
where significant SSEP signal deterioration occurred as the re-
sult of a recognized intraoperative cause, event or complica-
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tion. Or, a case where a significant SSEP signal deterioration
improved to baseline value after a specific intraoperative inter-
vention.

True Negative (TN). Normal intraoperative SSEP signals in
the absence of a new postoperative neurologic deficit.

False Positive (FP). Persistent significant SSEP signal deteri-
oration, which did not improve with intraoperative interven-
tions, and the patient woke up neurologically intact.

False Negative (FN). Normal intraoperative SSEP signals
with a new postoperative neurologic deficit.

Results

Thirty-five of 508 patients had either significant intraop-
erative SSEP changes or a new postoperative neurologic
deficit, as detailed in Table 1.

New Postoperative Neurologic Deficits
The overall incidence of a new postoperative neurologic
deficit in this study was 12 of 508 (2.4%). The incidence
of a new postoperative neurologic deficit in the presence
of normal intraoperative SSEPs was 8 of 481 (1.7%).
The deficits were isolated unilateral C5 (deltoid) weak-
ness (n � 7), unilateral C5–C6 (deltoid and biceps)
weakness (n � 2), isolated unilateral C6 (biceps) weak-
ness (n � 2) and quadriplegia (n � 1). Of these, only the
quadriplegia patient was thought to represent a spinal
cord injury, the remainder being isolated unilateral nerve
root injuries.

Intraoperative SSEP Signal Changes
Of 508 patients, 27 (5.3%) had significant SSEP signal
changes (Table 2). In 26 of these cases, the SSEP signal
changes resolved after an intervention. Three of these 26
patients woke up with a new postoperative neurologic
deficit. Therefore, the incidence of a new postoperative
neurologic deficit in patients with reversible significant
SSEP changes was 3 of 26 (11.5%). Only 1 patient had
persistent significant SSEP signal changes that did not
return to baseline. He woke up with new onset quadri-
plegia. Therefore, the incidence of a new postoperative
neurologic deficit in patients with irreversible SSEPs was
1 of 1 (100%).

Clinical Context of SSEP Changes
SSEP signal changes were noted in the following intra-
operative situations:

Hypotension (n � 11)
In these cases, SSEP signal deterioration occurred with
systemic arterial hypotension. The SSEP signals promptly
returned to normal values when the mean arterial blood
pressure was increased by the anesthesiologist. None of
these patients had a new postoperative neurologic deficit.

Vertebral Body Decompression (n � 6)
This was the second most common identifiable event as-
sociated with significant SSEP signal changes. For these
6 patients, the SSEP signal changes started during verte-
bral body decompression, and they resolved when de-

compression was completed. Only 1 patient in this group
woke up with a new neurologic deficit, i.e., a case of
unilateral C5–C6 (deltoid/biceps) weakness (Patient 6).

Intervertebral Disc Space Distraction (n � 2)
Transient SSEP changes during intervertebral disc space
distraction for graft placement were noted in 2 patients,
which returned to baseline when the distraction was
eased. Both patients woke up neurologically intact.

Retractor Positioning (n � 2)
SSEP signals deteriorated in 2 patients soon after the
placement of retractors. In 1 patient, who had known
preexisting carotid artery disease, the retractor was
noted to be compressing the carotid artery (Patient 20).
In both cases, SSEP signals improved to normal when the
retractors were repositioned, and neither had a new post-
operative neurologic deficit.

Durotomy (n � 2)
In the case of 1 patient, the dura was accidentally
breached with an arc from electrocautery (Patient 34).
Almost immediately, the SSEP signals deteriorated
acutely but soon returned to baseline values without any
intervention. After surgery, this patient had a mild uni-
lateral C6 (biceps) weakness. The second patient had an
accidental dural tear accompanied by a sudden signifi-
cant SSEP signal change, which resolved spontaneously,
but without any new postoperative neurologic deficit.

Patient Positioning (n � 2)
One patient had acute deterioration of the left upper
extremity SSEP signals after the induction of anesthesia
coinciding with tight taping of the left arm to the oper-
ating table arm-board (Patient 21). When the tape was
removed from the arm, the SSEP signals returned to base-
line. The second patient (Patient 26) had known cervical
instability at C5–C6. When the patient was being posi-
tioned on the table, the SSEP signals deteriorated. The
patient’s head was then repositioned, with resultant re-
turn of normal SSEP signals. Both these patients were
after surgery neurologically intact.

Graft Dislodgement (n � 1)
This individual had an uneventful intraoperative course
with normal SSEP tracings (Patient 16). During skin clo-
sure, the SSEP signals abruptly deteriorated. Immediate
reexploration revealed a dislodged fibular graft. The
graft was repositioned and the SSEP signals immediately
returned to normal. This patient had a residual mild uni-
lateral C5 (deltoid) weakness.

Unknown (n � 1)
This patient was a 57-year old man who underwent
C6 –C7 hemicorpectomy and fusion (Patient 19). This
patient’s intraoperative SSEP signals abruptly deterio-
rated during the procedure in the absence of any iden-
tifiable factors or events. These signals did not im-
prove throughout the procedure. He woke up with
quadriplegia. He was taken emergently back to the
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Table 1. Data for Patients With Intraoperative SSEP Changes and/or Postoperative Neurologic Deficits

Patient
No.

Age
(yr) Gender Diagnosis Revision?

Corpectomy
Levels

SSEP
Used?

Significant SSEP
Changes?*

SSEP
Improvement

With
Intraoperative
Intervention?

New
Postoperative

Neurologic
Deficit? Classification

1 71 M Cervical
myelopathy

No C4–C6 Yes Yes Yes (BP increase) No TP

2 71 F Central cord
syndrome

No C4–C5 Yes Yes Yes (BP increase) No TP

3 47 F Cervical
myelopathy

No C3–C6 Yes Yes (during
decompression,
transient)

NA No TP

4 57 F Nonunion C4–C5 Yes C4–C5 Yes Yes Yes (BP increase) No TP
5 69 F Myeloradiculopathy No C5–C6 Yes Yes Yes (BP increase) No TP
6 54 M Cervical kyphosis,

myelopathy
Yes C4–C7 Yes Yes (during

decompression,
transient)

NA Yes (right
deltoid/biceps
weakness)

TP

7 47 M Cervical stenosis,
radiculopathy

No C5–C6 Yes Yes Yes (BP increase) No TP

8 70 M Myeloradiculopathy No C4–C6 Yes Yes (during
intervertebral
disc space
distraction,
transient)

NA No TP

9 72 F Cervical
myelopathy

No C5–C7 Yes Yes Yes (BP increase) No TP

10 74 F Myeloradiculopathy No C5–C6 Yes Yes Yes (BP increase) No TP
11 69 M Cervical

myelopathy
No C4–C6 Yes Yes (during

intervertebral
disc space
distraction,
transient)

NA No TP

12 41 M Myeloradiculopathy Yes C5–C6 Yes Yes Yes (retractor
repositioning)

No TP

13 54 M Cervical stenosis Yes C4–C5 Yes Yes Yes (BP increase) No TP
14 58 F Cervical stenosis,

nonunion C5–C6
Yes C4–C6 Yes Yes (during

decompression,
transient)

NA No TP

15 73 M Myeloradiculopathy No C4–C6 Yes Yes Yes (BP increase) No TP
16 78 M Cervical

myelopathy
No C4–C6 Yes Yes Yes (SSEP change

during skin
closure;
reexploration �
dislodged graft;
repositioning of
graft � return
to nl SSEP)

Yes (right deltoid
weakness)

TP

17 51 M Cervical
myelopathy

No C4–C5 Yes Yes Yes (BP increase) No TP

18 52 M Cervical
myelopathy

No C5–C6 Yes Yes Yes (BP increase) No TP

19 57 M OPLL No C6–C7 hemi-
corpectomies

Yes Yes No Yes (quadriplegia) TP†

20 63 M Cervical
myelopathy

No C5–C7 Yes Yes Yes (carotid
artery
compression;
improved with
retractor
repositioning;
history of
preexisting
carotid artery
disease)

No TP

21 47 F Cervical
spondylotic
myelopathy

No C5 Yes Yes Yes (LUE SSEP
changes
resolved when
tight tape over
left arm was
removed)

No TP

22 66 M Congenital cervical
stenosis

No C5–C6 Yes Yes (during
decompression,
transient)

NA No TP

23 71 M Cervical
spondylotic
myelopathy

Yes C6 Yes Yes (during
decompression,
transient)

NA No TP

24 51 M Central cord injury No C6 Yes Yes (during
decompression,
transient)

NA No TP

25 68 F Cervical
myelopathy

No C5 Yes Yes (during
durotomy,
transient)

NA No TP

26 61 M Cervical instability No C5 Yes Yes (during
positioning,
transient)

Yes (SSEP
changes
resolved with
head
repositioning)

No TP

(Continues)
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operating room where the hemicorpectomies were
converted to complete C6 and C7 corpectomies with
fusion. However, the SSEP signals did not recover. His
neurologic status did not improve after surgery and
the quadriplegia persisted.

Statistical Analysis
Each of the 508 cases was classified into one of four
categories (TP, FP, TN, FN) as described in Data Anal-
ysis, and a 2 � 2 table was thus created (Table 3). From
these data, the sensitivity, specificity, and positive and
negative predictive values of SSEP monitoring were then
calculated as shown in Table 4.

In this series, the overall incidence of a new postoper-
ative neurologic deficit was 2.4% (12 of 508 patients).

Eleven of the 12 patients had nerve root deficits, whereas
1 became quadriplegic. More than twice as many pa-
tients had significant SSEP changes (27 of 508 patients,
i.e., 5.3%). Three of the 26 patients (11.5%) with revers-
ible significant SSEP changes woke up with a new deficit.
The only patient with irreversible SSEP changes woke up
with quadriplegia. Eight of 481 (1.7%) patients who did
not have significant SSEP changes had a new motor
deficit. All 8 of these patients had either a unilateral del-
toid and/or biceps weakness.

Discussion

The ideal intraoperative neurophysiologic monitoring
modality should have a high degree of sensitivity and

Table 1. (Continued)

Patient
No.

Age
(yr) Gender Diagnosis Revision?

Corpectomy
Levels

SSEP
Used?

Significant SSEP
Changes?*

SSEP
Improvement

With
Intraoperative
Intervention?

New
Postoperative

Neurologic
Deficit? Classification

27 46 M Nonunion C5–C6,
bilateral
radiculopathy

Yes C4–C6 Yes No NA Yes (left deltoid
weakness)

FN‡

28 51 F Post-laminectomy
kyphosis,
myeloradiculopathy

Yes C4–C6 Yes No NA Yes (profound left
deltoid biceps
weakness)

FN

29 57 F Cervical stenosis,
myeloradiculopathy

No C4–C6 Yes No NA Yes (mild right
deltoid
weakness)

FN

30 68 M Cervical stenosis No C5–C6 Yes No NA Yes (mild right
deltoid
weakness)

FN

31 60 M Cervical stenosis,
myeloradiculopathy

No C4–C6 Yes No NA Yes (mild left
deltoid
weakness)

FN

32 68 M Cervical
myelopathy

No C4–C6 Yes No NA Yes (left deltoid
weakness)

FN

33 55 F Neurenteric cyst,
myelopathy

No C6–T1 Yes No NA Yes (mild left
biceps
weakness)

FN

34 51 F Cervical stenosis,
myeloradiculopathy

No C4–C6 Yes Yes (intraoperative
dural tear;
transient SSEP
changes,
resolved
spontaneously)

NA Yes (right biceps
weakness)

TP

35 73 M Cervical stenosis,
radiculopathy

No C4–C5 Yes No NA Y (left deltoid
weakness)

FN

TP � true positive; FP � false positive; TN � true negative; FN � false negative; NA � not applicable.
*Defined as �50% decrease in amplitude and/or �10% increase in response latency.
†Patient was taken back to OR immediately, hemi-corpectomies converted to complete C6–C7 corpectomy; postoperatively, quadriplegia persisted.
‡Vertebral artery injury, packed; SSEP remained unchanged from baseline.

Table 2. Summary of SSEP Signal Changes

Type of SSEP Signal Change Suspected Cause of SSEP Signal Change No. of Patients With New Postoperative Neurologic Deficits

Significant,* resolved (n � 26) Hypotension (n � 11) 0
Vertebral body decompression (n � 6) 1 (unilateral deltoid/biceps weakness)
Intervertebral disc space distraction (n � 2) 0
Retractor positioning (n � 2) 0
Durotomy (n � 2) 1 (unilateral biceps weakness)
Patient positioning (n � 2) 0
Graft dislodgement (n � 1) 1 (unilateral deltoid weakness)

Significant,* unresolved (n � 1) Unknown etiology (n � 1) 1 (quadriplegia)
No signal change (n � 481) NA 6 (unilateral deltoid weakness)

1 (unilateral deltoid/biceps weakness)
1 (unilateral biceps weakness)

NA � not applicable.
*Defined as �50% decrease in amplitude and/or �10% increase in response latency.
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specificity, ease of use, reproducibility, and the ability to
detect injury as soon as possible after the injury. If devel-
oped, such a technique has the potential to significantly
decrease the incidence of iatrogenic neurologic injuries
during spine surgery and improve patient outcomes. As-
saying the function of the ascending dorsal sensory col-
umns of the spinal cord via SSEP monitoring has been
investigated as one such potential technique, and it has
proven be of great value in certain types of spine sur-
gery.14,15 For example, SSEP monitoring has dramati-
cally decreased the incidence of iatrogenic neurologic in-
juries during scoliosis surgery.2,16,17 However, unlike
scoliosis surgery, the utility of SSEP monitoring during
anterior cervical spine surgery has not been clearly estab-
lished.5 Therefore, the ideal neurophysiologic monitor-
ing technique for anterior cervical spine surgery remains
to be determined.

Although SSEP monitoring is frequently used in ante-
rior cervical spine surgery, there are conflicting data to
support its usefulness for this purpose.4 The proponents
of SSEP monitoring suggest that it can lead to a substan-
tial decrease in iatrogenic intraoperative spinal cord in-
jury. For example, in one study of 318 patients undergo-
ing cervical spine surgery, intraoperative SSEP monitoring
decreased the incidence of new neurologic deficits from
3.7% to 0%.6 On the other hand, other investigators
caution that neurologic deficits can occur in the presence
of normal SSEP signals. For example, Jones et al reported
2 cases of quadriparesis after anterior cervical spine sur-
gery despite normal intraoperative SSEP signals.18 Of
note, before these complications, they had done more
than 2,000 anterior cervical spine discectomy surgeries
without any neurologic deficits. Others have similarly
reported neurologic deficits in the presence of normal

SSEPs.19–22 Additionally, it is known that significant
variation in SSEPs can occur at baseline in the same pa-
tient, depending on technique, positioning, and monitor-
ing conditions.23

This is the first study in the literature, to our knowl-
edge, that has specifically evaluated SSEP monitoring
during cervical spine corpectomy surgery in large num-
bers. In this series, the incidence of a new neurologic
deficit was low, i.e., 2.4%, and most of these deficits
consisted of isolated single-level nerve root weakness. If
the instances of isolated one- or two-level nerve root
weakness are removed from the analysis, then the inci-
dence of a new neurologic deficit due to spinal cord in-
jury was 0.2% (1 of 508 patients). The most common
postoperative deficit seen in this study was isolated C5
(deltoid) motor weakness (7 patients). Six of these pa-
tients had normal intraoperative SSEP signals. Isolated
C5 motor palsy is a known complication of cervical spine
decompression surgery, and SSEP monitoring has been
shown to have a low sensitivity for this complication.24

The C5 nerve root is short with an acute take-off angle,
which makes it susceptible to small changes in cord po-
sitioning such as those that occur during decompression.
The second most common motor deficit was C6 (biceps)
weakness, which occurred either alone (2 patients) or in
combination with deltoid weakness (2 patients). The
most devastating complication in this series was that of a
patient who woke up from a C6–C7 hemicorpectomy
surgery with quadriplegia (Patient 19). This patient had
acute deterioration of SSEPs during the procedure, but
the cause of this change could not be determined. After
the quadriplegia was identified in the recovery room, the
patient was taken emergently back to the operating room
where the hemicorpectomies were converted to complete
C6–C7 corpectomies. However, the intraoperative SSEPs
did not return to normal and the quadriplegia persisted
after surgery. The obvious conclusion is that an irreversible
deterioration of SSEPs should alert the surgeon that a dev-
astating neurologic injury has taken place.

Of note, there were twice as many patients with sig-
nificant SSEP changes (27 of 508, 5.3%) compared with
those with a new neurologic deficit (12 of 508, 2.4%). Of
the 481 patients with normal SSEPs only 8 (i.e., 1.7%)
had a new detectable postoperative neurologic abnor-
mality, corresponding to a negative predictive value of
98.3%. However, if the 8 subjects with isolated nerve
root injuries are removed from the analysis, then the
negative predictive value for spinal cord injury is 100%.
It is important to note that only 3 of the 26 (i.e., 11.5%)
patients who had reversible SSEP signal deterioration
had a motor weakness. Therefore, the overwhelming ma-
jority of patients with reversible SSEP deterioration
woke up from anesthesia neurologically intact. When
patients with nerve root injury are included, our calcu-
lated sensitivity was 77.1%. However, if the patients
with nerve root deficit are removed from the analysis, the
sensitivity for spinal cord injury was 100%. Thus, SSEP
monitoring appears to be both very sensitive and specific

Table 3. 2 x 2 Table Constructed From Intraoperative
SSEP Monitoring Results and Postoperative
Neurologic Status

Significant
Intraoperative
SSEP Signal Change?*

Impending or Resultant Intraoperative Injury/
New Postoperative Neurologic Deficit?

Yes No

Yes 27 (TP) 0 (FP)
No 8 (FN) 473 (TN)

TP � true positive; FP � false positive; TN � true negative; FN � false
negative.
*Defined as �50% decrease in amplitude and/or �10% increase in response
latency.

Table 4. Calculated Sensitivity, Specificity, and Positive
and Negative Predictive Values of SSEP Monitoring for
Detecting Impending or Resultant Neurologic Injury
During Cervical Corpectomy Surgery

Sensitivity � TP/(TP � FN) � 27/(27 � 8) � 77.1%
Specificity � TN/(FP � TN) � 473/(0 � 473) � 100%
Positive predictive value � TP/(TP � FP) � 27/(27 � 0) � 100%
Negative predictive value � TN/(FN � TN) � 473/(8 � 473) � 98.3%
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(specificity was also 100%) for spinal cord injury, but it
is not a very sensitive modality for isolated nerve root
injury.

The clinical significance of SSEP changes was not clear
in all cases. For example, in the case of Patient 21, a
significant signal change occurred as a result of the ap-
plication of a tight arm taping to the table. This obvi-
ously could not result in spinal cord injury. We classified
our cases as true/false positives and true/false negatives
in agreement with well-known definitions.25 The only
way to determine the true clinical significance of any
SSEP change would be to allow the signal deterioration
to persist without engaging in any attempts at an intra-
operative intervention. To the contrary, the surgeon is
duty-bound to engage in countermeasures in an attempt
to restore the SSEPs to baseline values. Therefore, each
instance of SSEP change needs to be interpreted in the
clinical context, as detailed in Table 1. For example,
the most common factor associated with SSEP changes
was systemic hypotension. This indicates that SSEPs are
affected by a lowering of the spinal cord perfusion pres-
sure, as corroborated by other investigators.8,26 It has
been demonstrated that raising systemic blood pressure
results in an improvement of SSEPs when such signal
deterioration occurs in the setting of hypotension.6 It has
not escaped our attention that none of the patients who
had reversible SSEP changes with hypotension, interver-
tebral disc space distraction, and patient/retractor position-
ing had a neurologic deficit (Table 2). SSEP changes are
not uncommon in myelopathic patients during position-
ing and distraction of the intervertebral disc space, pos-
sibly as a result of microvascular ischemia and bulging of
the disc.4 On the other hand, instances of neurologic
deterioration were seen in patients with SSEP changes
following graft dislodgement (Patient 16), durotomy
(Patient 34), and during vertebral body decompression
(Patient 6). It may be that that graft dislodgement, du-
rotomy, and vertebral body decompression are inher-
ently more injurious events than are hypotension, inter-
vertebral disc space distraction, and patient/retractor
positioning. The case of Patient 16 illustrates how SSEP
monitoring led to an intervention (immediate reexplora-
tion for dislodged graft) that perhaps prevented a poten-
tially more serious spinal cord injury from taking place.
Interestingly, we note the case of Patient 27 who sus-
tained an injury to the vertebral artery that was treated
with packing. His SSEP signals remained normal
throughout the procedure, but he woke up with a new
neurologic deficit.

Although SSEP monitoring appears to be sensitive for
detecting spinal cord injury, it is not very sensitive for
detecting isolated nerve root injuries. Continuous elec-
tromyography (EMG) from at least the deltoid and bi-
ceps muscles in addition to SSEPs could be monitored in
patients undergoing cervical spine corpectomies for de-
tecting this injury intraoperatively. EMG monitoring has
been shown to be a useful marker for nerve root irrita-
tion during lumbar spine surgery.27–29 Therefore, it

stands to reason that EMG monitoring may be of use
during cervical spine corpectomy surgery. If EMG mon-
itoring is coupled with SSEP monitoring, then the sensi-
tivity and specificity of SSEP monitoring for detecting
nerve root injury can be determined. Further investiga-
tions are needed to answer this intriguing avenue of re-
search.

Injury to the descending motor tracts is a special con-
cern in anterior cervical spine surgery due to the anterior
location of the motor tracts in the spinal cord. Therefore,
some authors have argued that assaying the function of
dorsal sensory columns via SSEP monitoring may not be
a very sensitive way of detecting injury to the descending
motor tracts that are located more anteriorly.25 This may
be one reason why iatrogenic spinal cord injury can oc-
cur despite normal intraoperative SSEP tracings.18 Be-
cause of these concerns, there are data in the literature to
suggest that monitoring of the anterior motor tracts
through transcranial electric motor-evoked potentials
(tceMEP) may be a superior technique for detecting the
functional integrity of the spinal cord.25 Some authors
have proposed using simultaneous SSEP and tceMEP
monitoring to improve the sensitivity and specificity for
detecting spinal cord injury.15,30,31 Theoretically, this
would allow independent monitoring of both ascending
sensory and descending motor tracts. Although this is an
appealing idea, there are some technical and method-
ologic limitations to this approach. First, unlike SSEP
monitoring, at present there are no agreed-on alarm cri-
teria for tceMEP monitoring.32,33 Second, MEPs are very
sensitive to inhalational/intravenous anesthetic and neu-
romuscular blockade agents that are routinely used in
cervical spine surgery.34 Finally, the comparative sensi-
tivities and specificities of SSEP and tceMEP monitoring
for specific cervical spine surgical procedures have not
yet been established. Therefore, an intraoperative dis-
crepancy between SSEP and MEP monitoring would
place the surgeon in a dilemma whether the alarm was a
true or false positive. Although a “wake up test” has
been used to distinguish a true positive from a false pos-
itive intraoperative alarm, this test has well-known lim-
itations.35 Further studies are needed to address these
issues.

The major strength of this study is that it focused on a
very specific anterior cervical spine surgical procedure in
way that has not been reported before. Unlike previous
studies in the literature, anterior cervical discectomy or
posterior cervical spine procedures were not included.
Second, this is the largest reported series of patients who
underwent corpectomy surgery with SSEP monitoring.
Finally, this study combines the experience of two ortho-
pedic surgeons and two neurosurgeons and, therefore,
takes into account the variability between different sur-
gical techniques. Therefore, our results are probably ap-
plicable to most spine surgeons. The major weakness of
this study is that it was retrospective in design. Also, a
matched cohort of patients who underwent cervical cor-
pectomy surgery without SSEP monitoring was not avail-
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able for comparison. Therefore, to accurately determine
the sensitivity and specificity of SSEP monitoring for cor-
pectomy surgery, a large prospective randomized con-
trolled clinical trial may be needed. In such a study, the
outcome results of monitored versus unmonitored pa-
tients could then be directly compared. Another more
intriguing possibility would be a clinical trial in which a
large number of patients undergoing cervical corpec-
tomy are randomized to either MEP or SSEP monitoring.

Conclusion

Although intraoperative SSEP monitoring can alert the
surgeon to impending neurologic injury during cervical
corpectomy surgery, such an injury is still possible de-
spite normal SSEP signals. Most SSEP changes that occur
during corpectomy surgery are reversible and do not re-
sult in a new postoperative neurologic deficit. An irre-
versible intraoperative SSEP signal change should alert
the surgeon to a potentially devastating neurologic in-
jury. Additional monitoring techniques, such as contin-
uous EMGs, could be of potential benefit in reducing the
incidence of injury to isolated nerve roots. MEP moni-
toring should be considered as an adjunct to SSEP mon-
itoring.

Key Points

● In this series of patients undergoing cervical
spine corpectomy surgery, the incidence of SSEP
changes was 5.3%. The incidence of a new postop-
erative neurologic deficit was 2.4% for all deficits
including isolated nerve root injuries, but only
0.2% for spinal cord injuries.
● The sensitivity and specificity of intraoperative
SSEP monitoring for detecting impending or result-
ant neurologic injury were 77.1% and 100%, re-
spectively, if all cases were included, but both were
100% if nerve root injuries were excluded.
● Most instances of SSEP changes were reversible,
and most of these patients did not have a new neu-
rologic deficit after surgery.
● The most common identifiable cause of SSEP
changes was systemic hypotension, and the most
common new postoperative neurologic deficit was
C5 motor weakness.
● The only case of irreversible SSEP signal deteriora-
tion resulted in a catastrophic injury (quadriplegia).
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