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Abstract
Somatosensory evoked potential (SSEP) monitoring is commonly used to detect changes in nerve
conduction and prevent impending nerve injury. We present a case series of 2 patients who had
SSEP monitoring for their surgical craniotomy procedure, and who, upon positioning supine with
their head tilted 30–45 degrees, developed unilateral upper extremity SSEP changes. These SSEP
changes were reversed when the patients were repositioned. These cases indicate the clinical
usefulness of monitoring SSEPs while positioning the patient and adjusting position accordingly
to prevent injury.

Introduction
Neurologic injury secondary to positioning is a significant perioperative problem and a
common cause of patient injury in the practice of anesthesiology. Somatosensory evoked
potential (SSEP) monitoring is reproducible, reliable and commonly used during surgical
procedures to detect changes in electrophysiological conduction in peripheral nerves and
central nerve pathways and thus, to prevent nervous system damage.1 A significant change
in the SSEP responses is indicated by a decrease in amplitude and/or an increase in latency.
Changes in SSEP responses may be due to spinal instrumentation, hypoperfusion,
hypothermia, anesthetic drugs, and positioning.

SSEP monitoring has also been noted to be useful in evaluating upper extremity conduction
changes related to positioning. Changes in nerve conduction are expected to occur before
permanent nerve injury, thus, repositioning that reverses SSEP conduction changes should
prevent perioperative peripheral nerve injury.2–4

The following case series is the first, to our knowledge, to describe 2 cases of asymmetric
SSEP changes in the brachial plexus after positioning for craniotomy that resolved after
repositioning. It underlines the clinical usefulness of monitoring SSEPs while positioning
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the patient and adjusting the position accordingly to prevent peripheral neurological injury, a
common cause of patient injury and malpractice claims.

Case Description
Case 1

A 73-year-old female with a history of progressive loss of coordination and left-sided
hearing presented for a suboccipital craniectomy for acoustic neuroma. Her medical history
was significant for hypertension and diabetes. The magnetic resonance imaging showed an
acoustic neuroma with enlarged ventricles and chronic displacement of the cerebellum and
brainstem.

After induction of general anesthesia, the patient was positioned supine. Her head was
turned approximately 45° towards the right, and fixed with a Mayfield neurosurgical head
holder. A “sandbag” was placed under the mattress on the left side of the operating table to
extend the neck and left shoulder.

Electrophysiologic monitoring was performed bilaterally for SSEPs in upper (median nerve)
and lower (posterior tibial nerve) extremities, brainstem auditory evoked potentials and
motor evoked potentials. SSEPs from the median nerves were recorded using needle
electrodes placed at Erb's point over the brachial plexus for assessing peripheral conduction
and on the scalp at CP3 and CP4 locations, for assessing central conduction.

SSEP needle electrodes were placed on the patient before positioning. Positioning required 8
minutes, after which, SSEPs were recorded from both upper and lower extremities. Standard
filter settings for these SSEPs are 30–1500 Hz and standard stimulation parameters were
used including: rate of 4.7 per second, 20 mamps, 0.3 msec duration. At the start of
recording, after a one minute interval of acquiring a steady signal, the SSEP amplitude from
stimulation of the left median nerve was noted to be reduced at Erb’s point on all recording
channels in comparison to contralateral recordings. When the patient's left shoulder was
raised to reduce extension of the neck and shoulder, the SSEPs from stimulation of the left
median nerve were improved at recordings from Erb’s point and subcortical and cortical
electrodes and became equal in amplitude to the contralateral side in 4 minutes (Figure 1).
Surgical exposure was not compromised significantly with this adjustment.

Case 2
A 62-year-old male with a history of transient diffuse extremity weakness presented for left
temporal and suboccipital craniotomy for sub-total resection of a skull base meningioma.
His medical history was significant for hypertension, gout, and diverticulitis. A magnetic
resonance imaging showed the presence of a left-sided mass consistent with a meningioma,
at the level of the clivus and petrous bone, with compression of the pons and ventricular
dilation.

After inducing general anesthesia, the patient was positioned supine. His head was turned
towards the right by 30°, slightly extended and fixed with a Mayfield neurosurgical head
holder. A “sandbag” was placed under the mattress on the left side of the operating table to
extend the neck and left shoulder.

Electrophysiologic monitoring was performed bilaterally for SSEPs in upper (median nerve)
and lower (posterior tibial nerve) extremities, and brainstem auditory evoked potentials.
Motor evoked potentials were not obtained because most of the surgery was performed
under microscope guidance. SSEPs from the median nerves were recorded using needle
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electrodes placed at Erb's point over the brachial plexus for assessing peripheral conduction
and on the scalp at CP3 and CP4 locations, for assessing central conduction.

SSEP needle electrodes were placed on the patient before positioning. Positioning required
10 minutes, after which, SSEPs were recorded from both upper and lower extremities.
Standard filter settings for these SSEPs were the same as the previous case. At the start of
recording, after a one minute interval of acquiring a steady signal, the SSEP amplitude from
stimulation of the left median nerve was reduced at Erb’s point on all recording channels in
comparison to contralateral recordings. When the patient's left shoulder was raised to reduce
extension of the neck and shoulder, the SSEPs from stimulation of the left median nerve
were improved at recordings from Erb’s point and subcortical and cortical electrodes and
became equal in amplitude to the contralateral side in 6 minutes (Figure 2). Surgical
exposure was not compromised significantly in this position.

Both patients gave witnessed verbal informed consent to publish any collected data.

Discussion
The reversibility of upper extremity SSEP changes with repositioning in our patients
establishes a cause and effect relationship between positioning and SSEP change. Although
we cannot be certain that the observed SSEP changes would have been associated with a
permanent deficit, if the changes indeed heralded ischemia of the nerves, clinical neuropathy
would be likely after a lengthy procedure. In addition, although not routine in our center for
cases not involving cervical instability, these cases identify the utility of pre-position
baseline SSEPs, especially since the patients will be monitored during the case. This would
clearly identify positioning changes by having pre- and post- recordings.

SSEP changes caused by positioning patients have been reported for prone2, 5, 6 and supine
spine surgery,7–10 cardiac,2, 4 and orthopedic surgeries.10–12 Our case report shows a
change in SSEPs of the brachial plexus during positioning for craniotomy.

The incidence of SSEP changes during positioning of the prone spine surgery patient ranges
from 3.6–15%. Schwartz et al.2 found a 30 % decrease in ulnar nerve SSEP amplitude in
3.6% of pediatric patients having scoliosis correction. O'Brien et al.5 reported a 15%
prevalence of brachial plexopathy during lumbar and spinal deformity surgery (≥ 60%
decrease in amplitude or ≥ 10% increase in latency). Kamel et al.6 found the lateral
decubitus position (7.5%) and prone "superman" position (7.0%) had a higher incidence of
position-related upper extremity SSEP changes compared with other positions including
supine, arms tucked and arms out. (1.8%–3.2%).

The incidence of positioning changes in SSEP recordings during anterior spine surgery is
lower than that of prone spine surgery13. Schwartz et al.7 found that 1.8% of patients
undergoing anterior cervical spine surgery showed intraoperative SSEP changes secondary
to positioning. SSEP changes are more frequent in patients with myelopathy who were
having anterior spine surgery8.

There has been only one study to describe positioning changes during SSEP monitoring for
craniotomy surgery. Deinsberger et al.14 performed SSEP monitoring for positioning of
patients for posterior fossa surgery in the semi-sitting position. Monitoring of the median
and tibial nerve was recorded for 55 consecutive patients. SSEPs of the median nerve
showed no changes while placing patients in the sitting position; however, tibial SSEP
recordings were altered in 14 cases (25%).

Anastasian et al. Page 3

Anesth Analg. Author manuscript; available in PMC 2012 January 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



We reviewed all cases of craniotomy for skull base tumors and acoustic neuromas in a 2
year period to derive an incidence of SSEP changes during this category of neurosurgical
procedure. At our institution, all craniotomy cases for acoustic neuromas and skull base
tumors receive SSEP neuromonitoring. We found 83 cases performed in the 2 year period
between January 2007–December 2008. Of these cases, we reviewed the neuromonitoring
records and identified 2 cases with SSEP changes upon positioning, which are described in
this case series: an incidence of 2.4%. This is approximately the incidence for SSEP changes
for anterior cervical spine surgery (1.8%), but less than that found in prone and lateral
decubitus positioning.

The clinical correlation of SSEPs and clinical findings has been the subject of several
investigations. Prielipp et al.15 studied the onset of clinical symptoms and SSEP changes in
the ulnar nerve in 50 volunteers with their arm in 30–90° of abduction, as well as in
supination, neutral orientation, and pronation. Half of the patients who developed SSEP
changes did not develop clinical symptoms, 2 of which manifested severe SSEP changes
(≥60% decrease in amplitude). In contrast, Lorenzini and Poterack16 monitored SSEPs at
the median and ulnar nerves in awake volunteers placed in a prone position as their arms
were moved in a step-wise cephalad position. Three of 7 patients developed upper extremity
symptoms described as tingling, numbness, or aching in the hand, forearm, or upper arm
without changes of their SSEPs, suggesting that SSEP monitoring is imperfect in detecting
positioning injury. However, volunteer studies do not apply directly to anesthetized patients,
who are often placed in positions that awake patients could not tolerate.

These data demonstrate the false positive and negative predictive values of clinical
peripheral neuropathic changes based on SSEP monitoring. There may, indeed, be instances
in which SSEP changes, or the lack thereof, may be misleading in predicting postoperative
clinical neuropathy. However, many studies that have evaluated SSEP monitoring with
postoperative peripheral neurological changes studied SSEP changes over a short interval. In
the study by Lorenzini and Poterack16, recordings for SSEP signals were made 10–15
minutes after positioning the arm. The study by Prielipp et al. 15 was performed for a
maximum of 60 minutes, and on average, patients experienced clinical symptoms after 37
minutes, with a range of 20–59 minutes. In contrast, our first case took 6 hours and 50
minutes, and the second case took 11 hours and 33 minutes. It is unclear, but seems likely,
that changes observed by SSEP monitoring would eventually lead to clinical neuropathy
during these lengthy procedures.

To determine if we had clinical peripheral neuropathy changes that were not predicted by
SSEPs, we reviewed the case records of our department obtained from resident
postoperative visits, consults, and patient phone calls after hospital discharge. From January
2007–December 2008, 65,041 cases were reviewed. Of all types of surgical cases, 10 cases
were identified in which postoperative peripheral neuropathy was reported: an incidence of
0.02%. None of these cases were for craniotomy. The major limitation of this type of review
is that it is retrospective, thus under-reporting of a complication can under-estimate the
incidence of peripheral neuropathy. However, with SSEP monitoring for cases, we may be
decreasing the incidence of peripheral neuropathy due to positioning.

Although the incidence of peripheral nerve injury is low, it does remain a common cause of
professional liability in the practice of anesthesiology. Lee et al. 17 reviewed the ASA
closed-claims analysis and found that peripheral nerve injury was the complication recorded
in 21% of neurosurgical closed claims. This finding emphasizes the importance of taking
measures to prevent peripheral nerve damage, including vigilance of neuromonitoring
changes.
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These cases demonstrate that changes in SSEPs of the brachial plexus can occur during
positioning for skull base craniotomy and acoustic neuromas. This case series, in addition to
the literature on this topic, underlines the clinical usefulness of monitoring SSEPs during
and after positioning the patient and adjusting position accordingly to prevent neurological
injury.
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Figure 1.
SSEP changes in the left median nerve in Case 1. Somatosensory evoked potentials (SSEPs)
from bilateral median nerves were recorded using needle electrodes placed at Erb's point
over the brachial plexus, for assessing peripheral conduction and on the scalp at CP3 and
CP4 locations, for assessing central conduction. Time in minutes is recorded on the y axis.
From the start of the recordings (time = 1 minute), there is a unilateral decrease in the
amplitude of the left median nerve recordings compared to the right median nerve. This
difference exists at both peripheral (Erb’s) and central (CP3 and CP4) recordings, suggesting
a peripheral mechanism. With repositioning of the shoulder, the amplitude increases on the
left side with time in central and peripheral recordings, approaching the amplitude on the
right side.
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Figure 2.
Somatosensory evoked potential (SSEP)changes in left median nerve in Case 2. SSEPs from
bilateral median nerves were recorded using needle electrodes placed at Erb's point over the
brachial plexus, for assessing peripheral conduction and on the scalp at CP3 and CP4
locations, for assessing central conduction. Time in minutes is recorded on the y axis. Upon
stimulation of the left median nerve, there is no SSEP response from the start of the
recordings (time = 1 minute). Again, the difference exists at both peripheral (Erb’s) and
central (CP3 and CP4) recordings, suggesting a peripheral mechanism. With repositioning of
the shoulder, the amplitude increases on the left side with time in central and peripheral
recordings, approaching the amplitude on the right side.
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