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Abstract

Study Design: A Retrospective Database Study.

Objective: To establish whether spinal cord IOM with 
specific regard to transcranial electrical Motor Evoked Po-
tentials (MEPs) and absent use of associated neuromuscular 
blocking agents led to increased peri-operative blood loss. 

Summary of Background Data: Somatosensory-Evoked 
Potentials (SEPs) and Motor-Evoked Potentials (MEPs) are 
the commonly used intraoperative monitoring modalities 
for corrective scoliosis surgery. There is a paucity of evidence 
within the literature looking at the potential association be-
tween their use and subsequent effect on blood loss. 

Methods: We retrospectively examined 126 paediatric 
patients who underwent posterior instrumented fusion for 
scoliosis between 2010 and 2014 with both somatosensory 
evoked potential (SEP) and MEP monitoring combined or 
SEP monitoring alone. The same surgeon and anaesthetic 
team were used in all cases. Patient age, level correction 
and blood loss were recorded.

Results: 79 patients met our selection criteria. Level cor-
rection within the SEP and MEP group spanned an average 
of 12.78 (Range 10-16) versus 13.03 (range 5-18) in the SEP 
group alone. Within the SEP and MEP monitoring group av-
erage blood loss was calculated at 707.30 (Range 200-1400) 
mls and 740.25mls (Range 250- 1700) in the SEP monitoring 
alone group. There was no statistical difference between age 
nor the amount of level correction between the two groups 
(p = 0.25 and p = 0.23 respectively). Less blood loss occurred 
in the SEP and MEP group though this was not statistically 
significant (p = 0.84). 

Conclusion: SEP monitoring and hence continuous pe-
rioperative use of muscle relaxation medication did not 
decrease blood loss during instrumented corrective spinal 
deformity surgery when age and level correction was ac-
counted for.
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Introduction

Spinal cord monitoring is an essential component of the sur-
gical management of spinal deformity when minimising iatro-
genic spinal cord injury. This peri-operative monitoring modal-
ity was first utilised during the 1970s with the introduction of 
somatosensory evoked potential monitoring for corrective sco-
liosis surgery (Figure 1) [1]. Since the advent of Motor Evoked 
Potential monitoring (MEP) (Figure 2), it has been used in con-
junction with Somatosensory Monitoring (SEP). The protective 
intra-operative aspects of this modality are well documented 
with greater sensitivity and specificity of spinal cord damage, 
with specific regard to corticospinal pathways [2,3]. Prior to the 
introduction of MEP monitoring, corticospinal tract integrity was 
primarily assessed utilising the Stagnara wake up test, though 
this method does not permit continuous assessment and pos-
sesses obvious drawbacks. Whilst patients do not feel any pain 
during this test and have no recollection of its performance due 
to amnesic effects, it introduces significant surgical delay, lacks 
the ability of continuous and frequent assessment of neural 
cord function and permits a significant period of time to have 
elapsed with regards injury, detection and potential treatment. 
Its use is dependent on patients possessing cognitive function 
and no hearing deficits which can prove difficult when taking 
into account patients who present with paediatric spinal defor-
mity can be complicated by other neurological deficit.

A stable anaesthetic depth is essential for reliable intra-
operative monitoring interpretation. When 60% nitrous oxide 
and isoflurane less than 0.5 of the Minimum Alveolar Concen-
tration (MAC) are used concurrently, accurate SEP assessment 
and monitoring is permitted. However, in 60% nitrous oxide, 
end-tidal isoflurane concentrations larger than 0.87 render MEP 
monitoring too inconsistent for reliable interpretation [4]. Neu-
romuscular Blockade (NMB) decreases and may abolish MEP 
amplitude and hence its use, requires further thought. 

Both clinical and experimental data examining the moni-
toring and subsequent interpretation of intraoperative MEPs 
have demonstrated that elicited responses are very sensitive to 
suppression by neuromuscular relaxation. This is due to aboli-
tion of myogenic MEP responses [5] and hence neuromuscular 
blockade cannot be utilised during MEP monitoring. Whilst the 
benefits of evaluating specific corticospinal tract integrity in this 
manner are well documented, the consequent effect of the lack 
of use of neuromuscular blockade on myotomal blood loss has 
not been examined and a comparison of these factors does not 
exist within the literature.

Patients and methods

We retrospectively examined the records of 126 paediatric 
patients who underwent single stage posterior instrumented 
fusion for scoliosis from January 2011 to December 2013. A 
list of patients who had undergone surgical correction prior to 
implementation of MEP monitoring and those who had under-
gone correction with MEP monitoring, was obtained from the 
Neurophysiology Department. Operative notes and anaesthetic 
charts were examined and blood loss compared between those 
who had peri-operative SEP and MEP monitoring and those 
with SEP monitoring alone. All surgery had been undertaken 
by the same surgeon and anaesthetic team. Those treated with 
tranexamic acid were excluded from the study as were those 
without documentation of level correction, blood loss and age. 
Pre-operatively whole spine Postero-Anterior (PA), lateral and 
left and right bending radiographs were taken (Figures 3 & 4).

Surgical technique

Patients were positioned prone on the operating table as per 
a posterior approach to the spine. A longitudinal midline inci-
sion was made permitting surgical access to the relevant surgical 
vertebral levels. Diathermy of fascia was then performed to the 
spinous processes with spinous ligament removal and periosteal 
stripping with a Cobb Elevator. The Universal Spinal System Low 
Profile Throacolumbar Posterior Fixation System (Synthes, Inc. 
U.S.A.) was used in all cases. Low profile pedicle screws were 
inserted accordingly under image intensification with cranial 
placement of two laminal hooks. Rods were cut to length and 
inserted with sagittal and rotational reduction, followed by 
decortication of spinous processes and bilateral facetectomies 
along the length of the spine (Figure 5). Autologous bone graft 
with the addition of 20mls demineralised bone matrix. No drain 
was inserted post-operatively. Closure was performed in layers: 
1 Vicryl continuous to fascia and adipose layers, 2/0 Vicryl sub-
cutaneous fat, 3/0 vicryl to skin. A standard dressing was ap-
plied (Mepore®, Mölnlycke Health Care, UK) with pressure.

Anaesthetic technique

A uniform anaesthetic regimen was employed for each re-
spective group. Differences existed at induction though this has 
no effect on spinal cord monitoring data with spinal exposure. 
Anaesthesia was induced with intravenous 1% propofol in all 
patients. In patients who had monitoring of SEPs only, intuba-
tion was facilitated using fentanyl and vecuronium and anaes-
thesia was maintained using either sevoflurane or isoflurane in 
40% oxygen in air. Further boluses of vecuronium were used as 
required. In patients who had both MEP and SEP monitoring in-
tubation was facilitated using fentanyl and low dose (0.5mg/kg) 
vecuronium and anaesthesia was maintained using 2% propofol 
infusion. In both groups of patients analgesia was achieved us-
ing remifentanil 50mcg/ml infusion. Mean arterial pressure was 
maintained at 60-70mmHg.

Neuromuscular monitoring

SEPs were recorded on a Nihon Kohden Neuromaster system 
(Japan) with subdermal corkscrew electrodes (AMBU®, Copen-
hagen) from the cranial vertex and occipital region following 
stimulation of the tibial nerves at the ankles. Following stimula-
tion of tibial nerves at the popliteal fossae and ulnar nerves at 
the wrists, SEPs were monitored from the occiput alone.

Using the same equipment, MEPs were recorded from sur-
face electrodes (AMBU®) on quadriceps, tibialis anterior and 
gastrocnemius muscles with an upper limb control. This up-
per limb control was the first dorsal interosseous and followed 
transcranial electrical stimulation using a digitimer stimulator. 
The following stimulation parameters were used as standard: 
a train of 4 with an interstimulus interval between peripheral 
nerves and transcranial magnetic stimuli of 2.0-3.0ms, using 
300-600V.

Statistical analysis

Statistical analysis was performed using JMP version 12.0.1 
(SAS Institute Inc, North Carolina, USA). 

Linear regression analysis was used to generate least square 
means estimates and standard error and a post-hoc analysis of 
variance was used to compare these. Age, correction level and 
blood loss were compared between the SEP and MEP monitor-
ing group and the SEP monitored group alone. For all tests the 
alpha level was set at .05; corresponding to a level of signifi-
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cance of p<0.05.

Results

Somatosensory and motor evoked potential monitoring 
and absent neuromuscular blockade

In the combined SEP and MEP group 38 patients were in-
cluded, 36 of these had adolescent idiopathic scoliosis and 2 
presented with neuromuscular scoliotic disease. The average 
age was 14.54 years (range 12-18 years), with the correction 
spanning an average of 12.78 levels (range 10-16). An average 
of 707.30mls of blood was lost peri-operatively. 

Somatosensory monitoring and neuromuscular blockade

41 patients were included, 34 of these presented with Ado-
lescent Idiopathic Scoliosis, 6 possessed neuromuscular disease 
and 1 patient presented with congenital deformity as an aetiol-
ogy for scoliotic deformity. The average age of these patients 
was 15.00 years (range 12-18 years) with the correction span-
ning an average of 13.03 levels (range 5-18). Average blood loss 
was 740.25mls. 

Within both groups, no cases were abandoned peri-opera-
tively for loss of spinal cord monitoring and no neuromuscular 
complications were encountered post-operatively. 

There was no statistical difference between the age of the 
patients between the SEP and MEP monitoring group and the 
SEP monitoring alone group (p= 0.25). With regards operative 
level correction, no statistically significant difference existed (p= 
0.23). With regards to blood loss, whilst less blood loss occurred 
in the SEP and MEP group when compared with the SEP group 
alone, this was not statistically significant (p= 0.84).

Within the combined SEP and MEP monitoring group, when 
compared, no statistically significant difference existed between 
level correction and age (p= 0.91) nor age and blood loss (p= 
0.07) though an older age and heavier weight did indeed cor-
relate with greater blood loss. Within the SEP alone group, no 
statistically significant difference existed between level correc-
tion and age (p= 0.90) nor age and blood loss (p= 0.09) though, 
as in the combined SEP and MEP group, an older age did indeed 
correlate with greater blood loss.

In both groups, level correction was not compared with 
blood loss as it has long been established that increased level 
correction does indeed lead to statistically greater blood loss.

Discussion

Corticospinal tract integrity is not examined by somatosen-
sory evoked potential monitoring. Hence, variations in peri-
operative motor evoked potentials provide greater reliability 
in postoperative motor deficit detection [6]. Evidence exists 
within the literature of cases where permanent post-operative 
deficit has occurred in the presence of unchanged SEP monitor-
ing alone and the absence of signal changes within this modal-
ity which failed to validate alarm criteria [7].

Corticospinal tract injury and subsequent motor deficit is 
either via mechanical trauma or ischaemia. Residing within 
different anatomical regions, corticospinal tracts and dorsal 
columns retain dissimilar vascular zones. The posterior spinal 
arteries provide the main vascular supply to dorsal columns 
whilst it is the anterior spinal artery that is responsible for the 
majority of supply to anterior horn cells and both anterior and 
lateral corticospinal tracts. Passing through adjacent vertebral 

osseous rings, radiculomedullary arteries may be compressed 
or stretched during scoliosis surgery resulting in ensuing ischae-
mic damage or infarction. Such injuries may only modify the an-
terolateral funiculus, if this occurs, variations in intra-operative 
spinal cord monitoring will only occur in MEP data and not SEP 
data. 

Blood loss is an obvious concern during paediatric scoliosis 
surgery, with its determinants being previously investigated 
within the literature [8]. Whilst many have produced data of-
fering reasons for greater blood loss, the effect of neuromus-
cular blocking agents and the presumed associated reduction 
in blood loss is purely anecdotal with some evidence in the lit-
erature suggested an advocated avoidance of neuromuscular 
blocking agent use during intraoperative neurophysiological 
monitoring [9].

The benefits of combined intraoperative SEP monitoring 
used in conjunction with MEP measurement are well docu-
ment in the prevention of spinal cord injury. Some have shown 
this combined approach provides a greater sensitivity and im-
proved positive and negative predictive values than single mo-
dality techniques [10]. It is not only established injury detec-
tion where IOM has been used but imminent iatrogenic spinal 
cord injury. In a study by Schwartz et al. [11], transcranial motor 
evoked potential monitoring was seen to be extremely sensitive 
to alterations in spinal cord blood flow as a result of vascular 
insult or hypotension. The authors from this study also stated 
that prompt identification of imminent iatrogenic cord injury 
was permitted due to earlier detection of variations of MEPs 
than SEPs. 

Whilst others have demonstrated the importance of intra-
operative neurophysiological monitoring for both SEP and MEP 
monitoring [3,12], recent evidence has established the impor-
tance of MEP monitoring. This has been validated on several 
occasions with pedicle screw placement leading to a loss of 
MEP data without any changes seen in SEP recordings [13]. This 
permitted earlier injury prevention and whilst a postoperative 
motor deficit was seen, early intervention led to a full recovery 
due to the higher sensitivity of MEP monitoring [14].

These studies underscore the advantage of monitoring 
the spinal cord motor tracts directly by recording transcranial 
electric motor evoked potentials in addition to somatosensory 
evoked potentials. Transcranial electric motor evoked potentials 
are exquisitely sensitive to altered spinal cord blood flow due 
to either hypotension or a vascular insult. Moreover, changes 
in transcranial electric motor evoked potentials are detected 
earlier than are changes in somatosensory evoked potentials, 
thereby facilitating more rapid identification of impending spi-
nal cord injury. This however should not suggest that SEP data 
does not provide adequate monitoring of spinal cord injury with 
robust meta-analysis showing high sensitivity and specificity in 
diagnosis of spinal cord injury [15].

Whilst IOM has greatly improved the safety of spinal surgery, 
episodes of false negative events are documented. An example 
by Modi et al. [16] demonstrated that post-operative paraplegia 
can occur without peri-operative changes in MEP activity. 

Whilst MEP has become the gold standard for spinal cord 
monitoring, it does not come without its drawbacks. This mo-
dality does permit assessment of the spinal cord throughout the 
procedure: MEP acquisition is obtained recurrently at intervals 
and is not a true continuous assessment. They are also more 
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difficult to obtain technically and possess lower success rates 
when compared to SEPs. Data has shown lower success rates 
when trying to acquire MEPs with 94.8% and 66.6% success in 
the upper and lower limbs respectively when measuring mo-
tor evoked potentials and 98% and 93% in the upper and lower 
limbs respectively when looking at SEP data [17]. The same 
authors established that if MEP signal acquisition is difficult to 
obtain pre-operatively, the ability to then acquire these signals 
thereafter can be reduced to a success rate of 39% which can 
lead to unnecessarily abandoning the procedure itself. Earlier 
in this document, the anaesthetic regimen that patients within 
this study underwent was explained and several anaesthetic 
considerations exist when embarking on intra-operative spinal 
cord monitoring. When MEP monitoring is undertaken, Total 
Intra-Venous Anaesthetic (TIVA) is employed using propofol 
and remifentanil infusions and nitrous oxide and volatile agents 
and longer neuromuscular blockade is avoided. This in itself can 
pose greater difficulty for the surgeon due to continued patient 
movement from intraoperative MEP stimulation during the 
procedure. Volatile anaesthetic agents decrease the available 
pool of motor unit recruitment and hence interfere with MEP 
recruitment due to inhibition of I wave interneuron generators 
at the level of the cerebral cortex and anterior horn cells. Pe-
ripheral motor response propagation is indirectly responsible 
for generation of these impulses.

Whilst we examined blood loss within scoliosis corrective 
surgery, we are aware that chemical measures do exist that can 
lead to a significant reduction in blood loss [18,19]. None of 
the patients included within this study were treated with these 
agents such as tranexamic acid. 

Multimodal intraoperative spinal cord monitoring has 
been shown to increase sensitivity and specificity for detect-
ing changes in neurological status. This has led to immediate 
intra-operative strategy modification and subsequent preven-
tion of irreversible neurological deficits [20]. Whilst their use 
has led to dis-satisfaction by some surgeons regarding the spe-
cific use of MEP monitoring and hence a lack of neuromuscular 
blockade and subsequently perceived increased blood loss, our 
study supports the evidence for a combined approach to intra-
operative spinal cord monitoring. With regards to an absence of 
neuromuscular blockade and linked increase in blood loss when 
age and level correction have been accounted for, our study did 
not discover a statistically significant difference in blood loss 
when those undergoing corrective spinal deformity surgery for 
scoliosis were monitored using combined MEPs and SEPs and 
SEPs alone.

Figures
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