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Abstract:

Objective: The primary aim of this study is to conduct a systematic review of reports concerning patients
with cervical spondylotic myelopathy to assess the value of intraoperative monitoring (IOM), such as
SSEPs, TcMEPs, and EMG, in anterior cervical procedures.

Methods: A search strategy was first conducted in order to collect a small database of relevant papers
using key words describing both disorders and procedures of interest. The database was then shortlisted
using selection criteria and data from these finalized reports was extracted to identify complications as a
result of anterior cervical procedures treating cervical spondylotic myelopathy for outcome analysis on a
continuous scale.

Results: In the 22 studies that matched the screening criteria, only two involved the use of IOM. The 22
studies had an average of 173 patients. In studies with procedures done without IOM a mean change in
JOA score of 3.94 points and a mean change in Nurick score by 1.20 points (both less severe post-op)
were observed. Within our sub-group analysis, worsening myelopathy and/or quadriplegia had a mean
outcome of 2.71% of cases for studies without IOM and a mean outcome of 0.91% of cases for studies
with IOM.

Conclusions: Based on the review of published studies sufficient evidence does not exist to negate or
reinforce the use of IOM in hopes of reducing neurological complications during anterior cervical
procedures. There is no standardized evaluation method to measure these complications. In addition,
the modalities used for IOM have not been overwhelmingly confirmed.

Key Words: Cervical spondylotic myelopathy, cervical degenerative myelopathy, anterior cervical
discectomy fusion, anterior cervical interbody fusion, anterior cervical corpectomy, anterior cervical
decompression

Introduction:

Anterior cervical spine decompression (ACD) represents one of the most common surgical treatments
for cervical radiculopathy, radiculomyelopathy, and cervical spondylotic myelopathy (CSM)2. The
procedure is associated with neurological complications such as worsening of myelopathy?, cervical

151645 recurrent laryngeal nerve palsy (RLN) %7 and dysphagia 7. Intraoperative

nerve root palsy
neurophysiological monitoring (IOM) with somatosensory evoked potentials(SSEP) %89, transcranial
motor evoked potentials(TcMEPs)?, and electromyography(EMG)>*112, have been used to reduce the
risk of complications including myelopathy, C5 root palsy, and recurrent laryngeal nerve palsy (RLN)**14,
Significant intraoperative changes in latency and amplitude of SSEPs, and TcMEPs are generally used to
alert the surgeon about impending neurological change, leading them to alter the surgical procedure in
some cases™®, However some studies have not found SSEPs"'8 and or TcMEPs® to be useful during
anterior cervical spine surgery. The efficacy of the above approach remains controversial and has not
been universally accepted as a standard of care. Randomized controlled trials in these settings are
believed to lead to significant ethical issues?, however rigorous evaluation of surgical innovation is both

achievable and necessary?l. Our primary aim is to perform a systemic review of the published studies to



evaluate the value of intraoperative neurophysiological monitoring to reduce neurological deficits in
patients who underwent ACD for CSM.

. Methods:

A. Search Strategy:

We searched MEDLINE and the Web of Science, for studies through February 2013 on
anterior cervical spine surgery for cervical spondylotic myelopathy and neurological
complications irrespective of whether the studies used intraoperative neurophysiological
monitoring. Our search was stratified into the condition, the procedure, where we used terms
“cervical myelopathy”, “cervical spondylotic myelopathy”, “spondylotic myelopathy”, and
“cervical degenerative myelopathy” for the condition. We used the terms “anterior cervical

n u n u n u

discectomy fusion”, “anterior cervical fusion”, “anterior cervical interbody fusion”, “anterior
o

cervical corpectomy”, “anterior cervical decompression fusion”, and “anterior cervical
discectomy” for the procedure.

B. Study Selection:

Studies were included if they 1] were randomized, cohort and observational studies, , 2]
involved patients with cervical spondylotic myelopathy who underwent only anterior cervical
spine procedures, 3] were conducted with and without the use of intraoperative
neurophysiological monitoring, using SSEPs, TcMEPs, EMG, and 4] reported post-operative
neurological deficits including but not limited to new onset paraparesis, paraplegia, worsening
of myelopathy, deltoid weakness, dysphagia, dysphonia. Since we analyzed mean and standard
deviation, studies that reported data using median and range could not be included. Studies
where the reason for the procedure was failure of primary surgery, Infection, trauma, tumor,
with no clear documentation on post-operative neurological complications were excluded.
Studies that were primarily about technical reviews, review of procedures, and surveys were
excluded. Studies published in languages other than English were excluded except those for
which abstracts with results were available in English. Studies with number of patients less than
50 with CSM were excluded. Our search criteria as well inclusion and exclusion criteria was
optimized to minimize bias common in observational studies®2.

Two reviewers (PDT and AM) screened all titles and abstracts independently to identify
studies that met the inclusion criteria and extracted data. Each title and abstract was classified
into a specific group based on the selection criteria. The included studies were pooled and
reconciled between the authors. The second stage of data extraction from full text was also
done independently and later reconciled.

C. Data Extraction:

The data was screened to see if a predetermined criterion was used to identify the
complications of cervical spondylotic myelopathy in those who underwent anterior cervical



procedure, as this is the focus of the patient population in this study. The primary outcomes
were weakness including worsening myelopathy, new onset weakness, paraparesis, and
paraplegia. The secondary outcomes were cervical root palsy including deltoid weakness,
dysphagia, and dysphonia from recurrent laryngeal nerve palsy. To evaluate the neurological
complications, the studies were screened to identify if pre and postoperative documentation
was provided. To further classify the severity of the neurological complications, we classified the
deficits as transient or permanent. The mode of testing for confirmation of dysphonia and
dysphagia was also evaluated. Finally the follow period of the study was noted. We tabulated
the studies but did not provide quality assessment as there is no standard quality assessment
tool for observational studies, and many of the tools that are available lack a rationale or are
used improperly®.

D. Data Analysis:

For binary measures of outcome, we extracted data on the number of events and total
number of participants to calculate the proportions of patients affected by neurological
complications in each study using Microsoft Excel 2007 ®, Microsoft Corporation WA. We used
StatsDirect software (Stats Direct Ltd, Cheshire, UK) for random effects meta-analysis (inverse
variance method) to generate a weighted average (from all the included studies) of the
proportion of participants afflicted by neurological complications.

For outcome measures that were recorded on a continuous scale, we calculated the mean,
SD, and the 95% confidence intervals for the neurological outcomes after the procedures.

Il. Results:

A. Study Selection:

Our search yielded 1390 reports from the various databases of which 1283 reports were
excluded on basis of title or abstract. The study selection process is summarized in the figure 1.
Our review included 22 reports on patients who underwent anterior cervical procedure for
cervical spondylotic myelopathy of which 2 reports had data on the use of intraoperative
neurophysiological monitoring during the procedure (Figure 1).

B. Study Characteristics:

We identified 22 studies that matched the search criteria explained above. The general
characteristics of each study are listed in Table 1, which is separated into the studies done with
intraoperative monitoring and studies done without intraoperative monitoring. For the studies
in which data was missing in certain parameters, we simply labeled those parameters with “ND”
or “No Data.” The follow up duration varied from study to study with an average of 51 months.
The average number of patients across all studies was 173 patients (range 60-1,445) with an
average age of 55 years.



C. Outcomes:

Tables 2-6 show the outcomes of the studies including the change in the neurological deficit
before and after the procedure (post-op score - pre-op score). The mean change in Japanese
Orthopaedic Association (JOA) score for the studies that used this scale was 3.94 points. For
studies that used the Nurick scale, the mean change was 1.20. Both the studies selected that
used intraoperative monitoring assessed patients clinically and therefore did not have a
guantifiable change in any myelopathy scale.

When looking specifically at neurological deficits, the mean outcome was 9.30% of cases,
with an average of 19.94% transient cases and 2.32% permanent cases among the studies
conducted without intraoperative monitoring. For studies that used intraoperative monitoring,
the mean outcome was 1.33% and three transient cases (2.52% of all cases) and zero permanent
cases were observed (Table 3).

D. Subgroup Analysis:

Worsening myelopathy and/or quadriplegia were reported in 8 of the studies that
intraoperative monitoring was not used and both studies that used monitoring. The mean
outcome for studies done without IOM was 2.71% of cases, with an average of 1.42% transient
and 1.02% permanent cases. In studies done with IOM, the mean outcome was 0.91% of cases,
all of which were transient (Table 4).

C5 root and deltoid palsy were other fairly common neurological deficits that occurred after
the anterior procedures were executed. In studies done without IOM, the mean outcome of C5
root/deltoid palsy was 4.56% of cases (3.74% transient and 0.47% permanent). In procedures
involving IOM, only one documented case (0.84%) of C5 root/deltoid palsy was recorded in the
Bose et al, 2004 study. This occurrence was reported as transient (Table 5).

Dysphonia was recorded in 8 studies without IOM with a mean outcome of 6.77% of cases.
Dysphagia had a mean outcome of 6.23% of cases in 9 studies involving procedures done
without IOM. No data was provided in both studies conducted with IOM regarding dysphonia or
dysphagia post-operatively in patients (Table 6).

E. Other Neurological Deficits:

There were two other reported cases of neurological deficit in the Chibbaro and Emery study,
which were not found in any other studies shortlisted for the systematic review. Horners
syndrome was reported in a patient in the Chibbaro et al, 2009 study and complete loss of
sensation was reported in a patient in the Emery et al, 1998 study.

F. Outcomes Analysis:

There were only two outcomes that were commonly reported amongst the monitored and
non-monitored studies. The Figures are reported as proportions (0 to 1) in Figures 2 & 3. The



striking feature is the huge heterogeneity in the Forest Plots. For instance, in the unmonitored
studies, the proportion of patients with neurological deficit ranged from 0% to 54%, with a
weighted average of 7.9% (95% Cl 3.8% to 13.3%). Equally, even within the two monitored
studies, one has unusually low proportion (0.14%) of patients with neurological deficits as
compared to the other that reported complications in 2.5% of participants.

I1l. Discussion:

Our systematic review of studies comparing the use of Intraoperative neurophysiological monitoring
to reduce neurological complications in patients undergoing ACD for CSM did not yield any substantive
evidence to support or refute its use. There was substantial heterogeneity in the complication rates in
the studies in addition low proportion of patients with complications who used intraoperative
neurophysiological monitoring.

Significant variations existed in the motor complications including worsening myelopathy and
quadriplegia reported between studies. The variation in rate of complications could be secondary to
variation in surgical techniques or evaluation methodology. Forty percent of our studies used a JOA or
Nurick score to report group outcomes, and did not include individual motor deficits. The studies which
did not report results of individual patients could not be included in the analysis. A review of various
scores to evaluate CSM found that JOA and Nurick both have advantages and disadvantages based on its

ability to assess clinical symptoms and economic impact?

. Hence reporting complications from
individual patients in addition to a score will be helpful in analyzing the value of IOM for ACD in the

future.

Dysphagia and Dysphonia are known complications after anterior cervical spine procedures
Dysphagia could be secondary to the injury of superior?, recurrent laryngeal nerve?®, hypoglossal?’ and
glossopharyngeal nerve®. The incidence of this complication varies from 2 to 50 % depending on the
type of study and evaluation methodology?*?°. Prospective studies which utilized objective methods
Videofluroscopic swallow evaluation, and fiberoptic endoscopic evaluation to evaluate dysphagia
reported complication rates of 50%%°. The studies in our review used both subjective and objective
evaluation methods to report the incidence of dysphagia after ACD for CSM. The mechanisms of cranial
nerve injury resulting in dysphagia are unclear, and intraoperative monitoring techniques like
electromyography (EMG) have not been robustly evaluated to determine its efficacy.

Dysphonia secondary to recurrent laryngeal nerve palsy could be secondary to indirect stretch or
focal pressure on the nerve®. The incidence of vocal cord paralysis varies from 1-13 % depending on the
type of study and evaluation methodology?*3%32, Prospective studies which utilized objective methods
such as indirect laryngoscopy and 3 months follow up reported an incidence rate of 13.3%>%. The studies
in our review used a subjective evaluation method to report the incidence of dysphagia after ACD for
CSM. Though theories exist about the course of RLN as well the mechanism of injury, intraoperative
monitoring techniques using EMG have been evaluated * but the efficacy of it yet to be determined.



Intraoperative neurophysiological monitoring techniques include SSEPs®¢, TcMEPs®® can be used to
reduce the incidence of neurological deficits after cervical, thoracic and lumbar spinal procedures.
SSEPs® and TcMEPs!® monitor the dorsal column and the motor pathways in the spinal cord and reduce
neurological deficits after spinal surgeries. EMG has been used for placement of pedicle screws*, as well
the incidence of cranial nerve deficits in during thyroidectomy®* and skull base tumor removal®>. The
techniques though useful, have not be validated based on the alarms and subsequent surgical
interventions used to modify the procedure. The alarms are significant changes in SSEPs, TcMEPs and
EMG which can indicate significant impending risk of reversible neurological injury if not addressed
during the surgery.

Our review is clearly limited due to significant heterogeneity with patient outcomes. As indicated this
could be secondary to the procedure or evaluation methodology. Modalities used in Intraoperative
neurophysiological monitoring have not been appropriately validated. The alarm criteria used and the
interventions secondary to the alarms are not yet standardized.

IV. Conclusions:

Based on the review of published studies no evidence exists to refute or support the use of
intraoperative neurophysiological monitoring to reduce neurological complications during anterior
cervical procedures. Significant variations exist in evaluation of methodology of the complications after
anterior cervical spinal procedures. The modalities and their respective alarm criteria’s used for
intraoperative neurophysiological monitoring including SSEPs, TcMEPs and EMG have not been robustly
validated. A prospective trial with controlled data collection with validated diagnostic tools for use in
decompressive spinal procedures might be valuable to reduce the risk of complications in addition to
testing appropriate therapeutic interventions.

V. Figure Legend:

Figure 1: Study Selection Prism
Figure 2: Proportion Meta-Analysis Plot: Myelopathy
Figure 3: Proportion Meta-Analysis Plot: Neurological Deficit

VI. Table Legend:

Table 1: Characteristics of Studies Involved in Systematic Review
Table 2: Evaluation of Myelopathy between Groups

Table 3: Neurological Deficit

Table 4: Worsening Myelopathy/Quadriplegia

Table 5: C5 Root and Deltoid Palsy

Table 6: Dysphonia and Dysphagia



Figure 1: Study Selection Prism

1390 reports retrieved from databases

1283 excluded on the basis of title or abstract
638 had no post-operative assessment or the study was conducted in
less than 50 patients
328 case reports, data reviews, or had no abstract
288 did not involve patients with cervical myelopathy or anterior

E—N cervical procedures

29 were not conducted in adult humans (>18 years)

h 4
107 reports left for full text analysis

72 did not meet the selection criteria
35 examined unrelated outcomes
23 did not specify number of patients with CSM/receiving anterior
surgery
— 13 did not have sufficient data available to be included in the final
review
6 had non-institutional data
4 were multiple publications
4 were in languages other than English

h 4
22 reports included in systematic review




Figure 2: Proportion Meta-Analysis Plot: Myelopathy
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Figure 3: Proportion Meta-Analysis Plot: Neurological Deficit
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Table 1: Characteristics of Studies Involved in Systematic Review

Source Se?mpleE Stu.dy
Size,th Design
Andaluz@®t@|,2012 130 R
Baba@t&I,F994 85 RRE
Bapat@t|,2008 129 PA
Belanger®t@|,R2005 61 R
Chibbarot@l,2006 70 RR
Chibbaro@t@I,2009 268 PA
Chiles@tzI,[1999 76 RR
Emery@t@|,0998 108 RR
Fehlings@®t&I,2012 176 PA
Fessler@tIl,[998 93 RR
Hashimotot@l,R2010 113 RR
LinEt@1,2012 120 RR
LiuGtil,2012 103 RR
Margetic®tzIl,2009 77 RR
Matsuokat@I[,2001 63 R
Palmat@|,2010 125 R
Setzert@I,2009 60 PA
TumialanZt@|,2008 200 RR
Yan@t@Il, 2011 86 R
YingRt|,2007 89 RR
Samplet Study®@
Source Size,Bh Design
BosetzI,F2004 119 RR
LeeRtE|,2006 1,445 R

Disease

CSM/RM
MR

CSM

CcM

CSM
CSM
CSM
CSM
CSM
CSM
CSM/C5@Palsy
CSM
CSM
CSM
CSM
CMR
CSM
CSM
CSM
CSM

Disease

csM
csM

Group-Studiesone@Vithout@ntraoperative@Monitoring

Type®fd
Procedure
ACC
ADF
ACD
ACD
ACC
MOC
ACD
ADA
ACD
ACC
ASF
ACDFENdEACCF
ACDF
AN
AFM
ACD
AMD
ACDF
ACCR
ACC

Intraoperativel: ModalitydTypel Pre-Oplinicalt Post-Oplincalz Average®ollowl

Gender

Monitoring  ofMonitoring)  Evaluation Evaluation  Up@Duration,@no

No - JOA JOA 45 58.4 126@nale 4Female
No - JOA JOA 99.6 49 72@nale 13@emale
No - JOA JOA 33.6 49 109@nalel 20@emale
No - Nurick Nurick >24 61 39@naleR 22@emale
No - JOA JOA 42 57 47@nalel 23@emale
No - Clinical/MRI Clinical/MRI 96 58 161@nalel 107Female|
No - CMS CMS Unknown 56 47@naled 28Female
No - Nurick Nurick Unknown 58 69@nalel 39Female
No - JOA JOA Unknown 52.3 ND ND

No - Nurick Nurick 39 ND ND ND

No - Clinical/MRI Clinical/MRI Unknown ND ND ND

No - JOA JOA 24 58.3 81@Enaleld 39@emale
No - JOA JOA Unknown 53.5 57@nalel 46demale
No - JOARNdENurick JOABNdENurick 12 61 44@naleR 31@emale
No - JOA JOA >120 57 45@naled 18Female
No - VAS/Clinical VAS/Clinical 135.6 - S54@nalel 71@emale
No - JOA JOA 18.8 61.5 40@nale® 20demale
No - Nurick Nurick 16.7 53.9 97@nalel® 103@emale
No - JOA JOA Unknown ND ND ND

No - JOA JOA Unknown 47.2 61@nalel 28@emale

Group®-Studiesdone@VithAntraoperative@Monitoring

Type®fd
Procedure
ACSD

ACC

Intraoperativel: ModalitydTypeE Pre-OpXlinicali Post-Op&lincalZ Average@Followe Age

Gender
Monitoring oftMonitoring) Evaluation Evaluation Up@Duration,@no
Yes SSEPsEnd@EceME Clinical/MRI Clinical/MRI Unknown 46 ND ND
Yes tceMEPs,BSEPs,[ Clinical/MRI Clinical/MRI Unknown ND ND ND

Decompression;BACDF-Anteriorervical@iscectomyndFusion;BACSD-AnteriorolumnBurgery®riDecompression;BADA-Anteriordecompression@nd@rthrodesis;BADF-Anterior
Decompression@nd®Fusion;BAFM-Anterior@Floating@ethod;BAMD-Anterior@Microsurgical@decompression;BAN-AnterioriNeurodecopression;BASF-Anterior@pinal@Fusion;ZM-Cervialz
Myelopathy;,&LMR-CervicalMMyeloradiculopathy;&LMS-Cooper@MyelopathyBcale;@SM-CerivcalZpondolyticAVlyelopathy;A0A-Japaneserthopaedic@Association;MOC-Multilevel®

Cervical@orpectomy;MR-Myeloradiculopathy;@A-Prospectivefnalysis;R-Retrospective;RM-Radiculomyelopathy;®RR-RetrospectiveReview;A/AS-VisualBnalogBcale




Table 2: Evaluation of Myelopathy between Groups

Group 1-5tudies Done Without Intrapperative Monitoring
Source Pre-OpJ0A& Post-Op JOA Change in Meuro Scale Pre-0Op Murick Post-Op Nurick Change in Neuro Scale
Andaluz et al, 2012 11.491 14490 299 MO nO -
Baba et al, 1994 T 12.40 h.A6C0 MO MO -
Bapat et al, 2008 1¢h.40 15,76 L5326 NO mO -
Belangar et al, 2005 [m] m) - 2.3 1.1 1.2
Chibbara at al, 2006 12.20 15.40 320 MNO mO -
Chibhara et al, 2009 A1 12.50 4,40 MO MO -
Chiles et al, 1999 12.40 14,490 2.50 MO mO -
Emery et al, 1993 [m] m) - 2,40} 1.2 1.2
Fehlings et al, 2012 13260 MO - | mO -
Fessler et al, 199§ [ [m] ! - in! ([n] -
Hashimata at al, 2018 MO MO - [ [n} [ A[n] -
Lim et al, 2012 9.25 13.86 461 MND MO -
Liu &t al, 2012 10,20 14,30 .63 MO MO -
Margetic et al, 2005 9.15 1301 .86 305 1.8 1.25
Matsucka et al, 2001 R.30 13.60 530 ND ([w] -
Palra et al, 2010 MO MO - MO MO -
Setrzar et al, 2007 10,372 11.53 1.21 MO ] -
Tumialan =t al, 2008 [ [m] ! - 1.42 .24 1.16
Yan et al, 2011 i [m] m} - MO ] -
Ying et al, 2007 12.54 15,16 262 MO nO -
Mean Outcomes 1041 14.0% 394 2.29 1.04 1.20
Standard Deviation of Qutcomes 2.1 1.29 1,563 .67 .63 .04
Error of the Mean 222 2.0 .A4 (1.419 .23 (.26
95% Confience Interval Lower Bound (.06 R.20 2.29 1.33 .63 .70
895% Confience Interval Upper Bound 14.76 19.97 5.58 3325 1.55 1.70
Group 2-5tudies Done With Intraoperative Monitaring
Source Pre-OpJ0A& Post-Op JOA Change in Meuro Scale Pre-Op Murick Post-Op Nurick Change in Neuro Scale
Boze et al, 2004 rO [ - 1| mO -
Lea et al, 2006 [m] m) - m} MO -
T:Transient; F: Fermanant; MO: Ma Data Yaverages in Baha paper calculated amang all thres patient groups combined




Table 3: Neurological Deficits

Group 1-5tudies Done Without Intraoperative Monitoring

T:Transient; P;: Permanant; MD: Mo Data

Source Meurological Deficit MNeurological Deficit (3] T {%)
Andaluz et al, 2012 5 3A5 -

Baba et al, 1994 4 471 4.71
Bapat et al, 2008 0 5426 5116
Belangar at al, 2005 3 4932 -
Chibhara et al, 2006 4] 0.0 -
Chibbara et al, 2009 14 5,27 -
Chiles ef al, 1509 3 345 3.95
Emery et al, 1998 3 278 -
Fehlings et al, 2012 27 11.36" -
Fessler et al, 130958 f £.45 -
Hashimata at al, 2010 9 796 -

Lin et al, 2012 20 1647 -

Liw et al, 2012 45 4367 -
Margetic et al, 2009 ﬂ KT -
Matsuoka et al, 2001 A 752 -
Palrna et al, 2010 a4 320 -
Setrar et al, 200% 0 0 -
Tumialan et al, 2003 16 30 -

Yan et al, 2011 4] 0 -

Ying et al, 2007 4 4,49 -

Mean Qutcomes 93¢ 19494
Standard Deviation of Outcomes 1428 ¥7.04
Error of the Mean 195 4,25
95% Confience Interval Lower Bound 541  11.41
95% Confience Interval Upper Bound 13.1%  IR.2T

Group 2-5tudies Done With Intraoperative Monitoring

Source Meurological Deficit Neurological Deficit (%] T [{%])
Bose at al, 2004 3 2.57 .57
Lea et al, 2008 z .14 -

Mean OQutcomes 1.23 2.52
Standard Deviation of Qutcomes 1.65 -

Error of the Mean a4 -

95% Confience Interval Lower Bound -0.51 -

495% Confience Interval Upper Bound 317 -

P {%)
385
0.00
3.0

2.32
2.04
.49
1.35
3.28




Table 4: Worsening Myelopathy/Quadriplegia

Source
Andaluz@t&I,R2012
Babal®:tI,FA994
Bapat®t&Il,2008
Belanger®t&I,2005
Chibbaro:tl,R2006
Chibbaro@:tl,22009
Chilest®I,F1999
EmeryR@t@|,A998
Fehlings@®tl,F2012
Fessler@t|,F1998
Hashimotot@I,2010
Lin@t@I,R2012
LiutzIl,R2012
Margetic@t@I,2009
Matsuokal@tzl,2001
Palmat&I|,2010
Setzer@t&I|,2009
Tumialant@|,2008
YanRt@Il,R2011
Ying@t@I,2007
Mean@utcomes

Error®fthe@ean

Source
Boset@l,R2004
Leet@I,2006
Mean@utcomes

Errorbfthe@ean

Standard®eviation®Df@Dutcomes

Standard®eviation®Df@Dutcomes

Groupil-Studiesdone@VithoutAntraoperative@Monitoring

Worsening@Myelopathy/Quadriplegia Worsening@Myelopathy/Quadriplegiad%)

ND
2
1
ND
ND
ND
ND
1
4
1
ND
1
ND
ND
0
4
11
ND
0
0

95%TonfienceAntervallower@Bound
95%Xonfience@ntervalUpperBound
Group®2-StudiesdDone@VithAntraoperative@Vonitoringd

ND

ND
ND
ND
ND

ND

ND
ND

ND

2.35
0.78

0.93
2.27
1.08

0.83

0.00
3.20
18.33

0

0
2.71
5.29
0.58
1.58
3.84

Worsening@Myelopathy/Quadriplegia Worsening@Myelopathy/Quadriplegiad%)

2
2

95%XonfienceAntervaldowerBound
95%Xonfience@ntervalUpperBound
T:Transient;®:@Permanent;@ND:@No@Data

1.68
0.14
0.91
1.09
0.64
-0.35
2.17

TA%) PA%)

2.35 0

1.42 1.02
0.82 1.16
0.30 0.22
0.83 0.59
2.01 1.44

TA%) PA%)




Table 5: C5 Root and Deltoid Palsy

Source

Andaluz et al, 2012
Baba &t al, 1994
Bapat &t al, 2008
Relanper et al, 2005
Chibbara et al, 2006
Chibbara et al, 20039
Chiles et al, 1595
Emery et al, 1593
Fehlings et al, 2012
Fessler et al, 1398
Hashimata et al, 20103
Lin at al, 2012

Liu et al, 2012
Margetic et al, 2008
Matsuoka et al, 2001
Palrma et al, 2010
Setrar at al, 2009
Tumialan et al, 2003
Yan et al, 2011

Ying et al, 2007
Mean OQutcomes

Error of the Mean

Source
Brrse 21 al, 2004
Lea gt al, 2008

Standard Deviation of Qutcomes

95% Confience Interval Lower Bound

25% Confiznce Interval Upper Bound

Group 2-5tudies Done With Intraoperative Manltoring
C5RootfDeltoid palsy CS5RootfDeltoid palsy (%]

nO

nO

]
]
nO
mO
mO

m]

Bl ¥ I

Ly I T N T o [ IR |

22

o

1

Group 1-5tudies Done Without Intragperative Monitoring
CSRoot/Deltoid palsy CSRootfDeltoid palsy (%]

KO

KO

nO
nO
KO
MO
MO

Bl W]

T:Transient; P; Permaneaent; MD: Ma Data

2.35
.78
4937

o
1.32
1.55
2.84
2.15
T.96
4.17

21.36
R4 4]
.53

4.56
5.a:
.97
2.h4
f.46

.84

T P{%]
.35 )
.78 a
aq7 -

- 1.37
2.77 057
2.15 -

417 -

957 -

374 047
290 0462
080 010
214 2
5.30 (.67
Ti%) P{%]

.84




Table 6: Dysphonia and Dysphagia

Group 1-5tudies Done Without Intraoperative Monitoring
sSource Dysphonia Dysphonia (%) T{%} P (%]} Method of Eval Dysphagia Dysphagia (%] Ti(%) P (%] Method of Evaluation
Andaluz et al, 2012 ? 154 - 1.54 MD 3 231 - 2.31 MO
Baba et al, 1994 1 [m] ] - - - [ m] [ m] 2.0 -
Bapat et al, 2008 33 2946 28.68 (.78 subjective al 2403 224R 155 Subjective
Belanpar at al, 2005 [ [m} MO - - - [} [} - - -
Chibhara et al, 2006 [} d[m} - - - [m} d[m} - - -
Chibhara et al, 2009 [} rO - - - ¥] Q- - Ohjective
Chiles et al, 1958 MO MO - - - 2 263 - - Ohjactive
Emery et al, 1998 [} [n} - - - [ ] 1] - - -
Fehlings et al, 2012 1 .57 - .57 Subjactiva q 511 5.11 - Subjactive
Fessler et al, 1598 3 323 1.08 215 MO 1 1.08 - - Subjective
Hashimata et al, 2013 MO MO - - - [} ] ] - - -
Lin et al, 2012 5 417 4.7 - [} 9 7.5 7.A0 Ohjective
Liu et al, 2012 1% 971 - - [} 13 12.62 - - 'I._.Ihjﬂdi'an
Margetic et al, 2009 [} MO - - - [m} d[m} - - -
Matsunka et al, 2001 [ m} [u} - - - [} [} - - -
Palma et al, 2010 MO MO - - - [} ] ] - - -
Setrar et al, 2009 MO [J[n] - - - [} 1] - - -
Tumialan et al, 2008 2 1.3 - - [ [n] 14 7 - - Ohjective
Yanm et al, 2011 [} MO [ [m] MO - [m} d[m} [} [ [m] -
¥ing et al, 2007 d 449 4.6 - [} 4] - - [[n]
Wean Qutcomes 677 948 1.26 623 9277129
Standard Deviation of Dutcomes 961 1288 0.73 741 907 1,18
Error of the Mean 144 202 0.27 1.33 198 .27
95% Confience Interval Lower Bound 394 5572 073 363 5AT 075
495% Confience Interval Upper Bound 960 1344 178 883 1315 1.82
Group Z-5tudies Done With Intraoperative Monitoring
Source Dysphonia Dysphonia (%) T{%) P{%] Method of Eval Dysphagia Dysphagia (%] T{%) P{%] Method of Evaluation
Bose et al, 20041 [} [u} - - - [m} [d[m} - - -
Lee ef al, 2008 [} d[m} - - - [m} d[m} - - -
T:Tranzient; P: PFermanant; MD: Mo Data
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