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Special Issues : Evidence-based INM

Yong Seo Koo

Department of Neurology, Korea University Medical Center, Anam Hospital

Over the past years, the role of intraoperative neurophysiologic monitoring (INM) has grown from its research purpose to a practice
standard for surgery which might involve the risk of neural injury. Although INM is not widely used in South Korea as in United
States, there is an exploding interest in INM currently. However, some surgeons are still reluctant to use INM. Although many experts
in INM believe that the evidence of INM is sufficient enough to preclude further study, some do not agree. Therefore, current status

of evidence-based INM is discussed in this lecture.
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Introduction

The objective of intraoperative neurophysiologic monitor-
ing (INM) is to prevent patients from neurological
complications of various procedures including spinal
surgery, surgeries of the aorta, thyroid surgery, and brain
surgery. In United States, the cases of INM increased
drastically over three decades' and there is not enough man
power to cover the demand for INM.?

Many experts in INM believe that there is sufficient
evidence that INM is both accurate in diagnosing
neurological injury and effective in preventing the i1r1jury_}7
Having published the best evidence available on the use
of evoke potentials during spinal operations,” most of the
authors believed “clinical experience and animal experiments

establish unequivocally that IOM warns of spinal cord
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injury, and interventions reverse impairment and prevent
parzlplegizl,”5 They even harshly criticized those who
questioned the evidence of INMs effectiveness in
preventing neurological injury by considering the
questioners as having “a lack of familiarity with and
understanding of the full literature”, precluding the need
for further evidences or studies, However, one of the
authors of the article agreed on the questioners’ opinion
and suggested that it is both “reasonable to use INM” and
to perform further studies such as “a randomized trial to
determine whether INM really helps patients”,

INM is a rapidly growing field in South Korea, However,
some surgeons are still reluctant to use INM due to its
additional cost and sometimes do not respond to INM alert
due to stress and time pressure_8 Others even tried to insist
that the evidence is against INM, showing high prevalence
of complications in surgery with INM than in surgery
without INM” and no significant neurologic injuries after
surgery without INM, 1 However, the interpretations in
these articles seems to be problematic,z’5 As INM
professionals, it is our responsibility to tell possible risks

and benefits of the monitoring to the patients and to
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respect the right of every patient to self-determination, "'

In this lecture, the basics of evidence-based medicine
(EBM) is discussed first, followed by the current status of
evidence in INM and the necessity for future studies. At
the end of this lecture, the audience should be able to
understand INM in the context of EBM,

What is EBM?

Definition of EBM

applicability (usefulness in our clinical practice)

Step 4: integrating the critical appraisal with our clinical
expertise and with our patient's unique biology, values
and circumstances

Step 5: evaluating our effectiveness and efficacy in
executing steps 1-4 and seeking ways to improve them
both for next time,

Since the objective of this review is to review current

EBM is defined as the “conscientious, explicit and

judicious use of current best evidence in making decisions

about individual patients”, which means “integrating

individual

external clinical evidence from systematic research’.

clinical

expertise with the best available

» 12

The complete practice of EBM comprises five steps,13

Step 1: converting the need for information (about

prevention, diagnosis, prognosis, therapy, causation, etc.)

Step 2: tracking down the best evidence with which to

answer that question

Step 3: critically appraising that evidence for its validity

(closeness to the truth), impact (size of the effect), and

Table 1. The Oxford 2011 Levels of Evidence'®

Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence

TRIP Database
searches these

Systematic
Reviews

Critically-Appraised

opics
[Evidence Syntheses]

Critically-Appraised Individual
Articles [Article Synopses]

FILTERED
INFORMATION

Randomized Controlled Trials
{RCTs)

Cohort Studies

UNFILTERED |

\ |INFOR MATION

‘Case-Controlled Studies
Case Series / Reports

Background Information / Expert Opinion

N
\

EBM Pyramid and EBM Page Generatar, © 2006 Trustees of Dartmouth Callege and Yale Universit.
All Rights Reserved. Produced by fan Glaver, David lzzo, Karen Odato and Lei Wang,

Figure 1. An example for a hierarchy of evidence'

IQuestion

[Step 1
(Level 1*)

Step 2
(Level 2%)

lstep 3
(Level 3%)

Step 4
(Level 4%)

IStep 5 (Level 5)

How common is the
lproblem?

Local and current random sample
lsurveys (or censuses)

Systematic review of surveys
fthat allow matching to local
circumstances**

Local non-random sample**

Case-series**

n/a

[[s this diagnostic or
Imonitoring test
[accurate?
(Diagnosis)

[Systematic review

of cross sectional studies with
lconsistently applied reference
lstandard and blinding

Individual cross sectional
studies with consistently
applied reference standard and
blinding

Non-consecutive studies, or studies without
lconsistently applied reference standards**

Case-control studies, or
"poor or non-independent
reference standard**

Mechanism-based
reasoning

[What will happen if
we do not add a

Systematic review
lof inception cohort studies

Inception cohort studies

ICohort study or control arm of randomized trial*

Case-series or case-
control studies, or poor

n/a

intervention help?
(Treatment Benefits)

lof randomized trials or n-of-1 trials

or observational study with
dramatic effect

istudy**

therapy? quality prognostic cohort
(Prognosis) study**
IDoes this ISystematic review Randomized trial Non-randomized controlled cohort/follow-up Case-series, case-control [Mechanism-based

studies, or historically
controlled studies**

reasoning

What are the
[COMMON harms?
(Treatment Harms)

ISystematic review of randomized
ltrials, systematic review

lof nested case-control studies, n-
lof-1 trial with the patient you are
raising the question about, or
lpbservational study with dramatic
leffect

Individual randomized trial
or (exceptionally) observational
study with dramatic effect

Non-randomized controlled cohort/follow-up
lstudy (post-marketing surveillance) provided
there are sufficient numbers to rule out a
jfcommon harm. (For long-term harms the
[duration of follow-up must be sufficient.)**

What are the RARE
harms?
(Treatment Harms)

ISystematic review of randomized
trials or n-of-1 trial

Randomized trial
or (exceptionally) observational
study with dramatic effect

Case-series, case-control,
or historically controlled
studies**

Mechanism-based
reasoning

[[s this (early
idetection) test
mworthwhile?
(Screening)

ISystematic review of randomized
[trials

Randomized trial

Non -randomized controlled cohort/follow-up
[study**

Case-series, case-control,
or historically controlled
studies**

Mechanism-based
reasoning
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evidence-based INM, we will consider only Step 1-3.

There are two fundamental principles of EBM. 1

The first one is a hierarchy of evidence as shown in
Figure 1.

This hierarchy of evidence might differ according to the
types of questions as shown in Table 1.

The second one is that evidence alone is never
sufficient to make a clinical decision. Decision must be
based on the benefits and risks, inconvenience, and costs
associated with alternative management strategies as well
as the patients’ values and preferences,

For details of EBM, those interested are referred to

textbooks, >

Monitoring therapeutic interventions in clinical practice

Monitoring can be used in five different phases:
pre-treatment, initial titration, maintenance, re-establish
control, and cessation,'” For example, monitoring is
commonly used in chronic conditions such as blood
pressure, Hbai, cholesterol level, thyroid hormones,
FEV1, and drug levels,

Although monitoring seems to be useful at any time, a
monitoring should be accurate and simple, guide a
strategy for achieving target, and improve patient
outcome, Monitoring differs from both screening and
intervention and can be justified by the following three
criteria, *®

1. Clinically significant changes in the condition or
effect of treatment occur over time,

2. There is an available monitoring test that reliably
detects clinically significant changes when they occur,

3. Cost-effective action can be taken on the basis of

the test result,

Examples of other fields which considered monitoring
or diagnostic testing

There are many examples of studies which changed the
practice long believed to be useful by introducing

evidence-based medicine,

320

Application of EBM in the field of INM

Step 1: Defining the questions

Since we reviewed the general principles of evidence-
based medicine, we will apply these principles in the field
of INM. Although the name of INM implies that it is a
diagnostic test, the objective of INM seems to indicate that
it is an intervention.® Since the hierarchy of evidence
differs according to the type of question, we need to

define whether INM is diagnostic test or an intervention.

INM as a diagnostic test

- If we consider INM as a diagnostic, we can ask the
following question: “Does INM accurately diagnose
neural injury in the patients who receive surgery or
procedure?”

According to the Oxford 2011 Levels of Evidence

(Table 1), the level 1 evidence for a diagnostic test is
systemic review of cross-sectional studies with
consistently applied reference standard and blinding.
- There is one major problem in considering INM as a
diagnostic test; there is no real time reference
standard in the event of INM signal loss.” Since INM
is only a physiologic or surrogate marker for neural
injury at a specific time, the INM change during
surgery without postoperative normal neurological
function is not considered as “false positive”. Even if
we find INM change and then try wake-up tests, this
still faces the same problem, which is called
“treatment-paradox”."” Therefore, we need consider
whether evoked potentials, which commonly used in
INM, are effective and relevant biomarkers and

surrogate endpoints or not.

INM as an intervention

- Critical evaluation of INM as an intervention is
strongly justified INM is only carried out when the
surgery’s safety can be enhanced by reports of signal
loss, reassuring signal preservation, or mapping
results.” Therefore, we can consider INM as an

intervention and ask the following question: “Does
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INM help to prevent neural injury in the patients
who receive surgery or procedure?”’

- According to the Oxford 2011 Levels of Evidence
(Table 1), the level 1 evidence for an intervention (or
treatment benefits) is systemic review of randomized
trials or n-of-1 trials.

- Although conventional diagnostic testing may be
viewed as a simple test-intervention-outcome paradigm,
INM is more complicated and characterized as an inter-
ventional cascade: test-interpretation-communication- in-
tervention-outcome. Therefore, the measure outcome is
heavily depends on a coordinated team effort includ-
ing technologists, neurophysiologists or neurologists,
and surgeons, Among them, surgeon’s response to an
alert® and the diversity of INM care delivery models™”'
are the mostly likely confounding factors when evalu-
ating INM as an intervention,

- However, many INM experts consider the randomized

controlled trials of INM as unethical.’

Step 2: Finding the best evidence

This has been performed in three previous articles and
one recent article which summarized these articles to
suggest current status of evidence-base intraoperative

. . . . 8
neurophysiological monitoring,

INM as biomarkers and surrogate endpoints22

- Holdefer et al. recently proposed that evoked potentials
are a useful biomarkers and surrogate endpoints,”
Since clinical endpoints cannot be obtained during the
anesthesia, evoked potentials such as somatosensory
and motor evoked potentials should be used as surro-
gate endpoints during surgery, In order to evaluate
evoked potentials as good biomarkers and surrogates,
they used a three step framework, which included ana-
Iytical validation, utilization, and qualification, After
careful evaluation of evoked potentials as good bio-
markers and surrogates using the following reasoning,
they concluded that “evoked potentials biomarkers
comply with some but not all of the framework™ and

stated that “controlled trials or non-randomized studies
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with controlled observations may be required for full
validation of evoked potentials surrogates”,

B Analytical validation: Can the biomarker be accurately
measured?
® Evoked potentials can be accurately measured.

e The signal to noise ratio is good or excellent.

e Evoked potentials are responsive to diverse sur-
gical interventions during different surgical
procedures,

e Amplitudes and latencies of somatosensory
evoked potentials show little variability under
stable surgical and anesthetic conditions,

e Although amplitudes of motor evoked potentials
are more variable, it is still consistent enough
to detect marked reduction or diappearnce,

@ In conclusion, evoked potentials can be accurately
measured,
® Utilization: What is the specific context of the pro-
posed use?
€ Motor evoked potentials are probably less sensi-
tive to compromise of individual nerve roots dur-
ing lumbar surgeries, than to corticospinal tract or
anterior horn gray matter damage during surgeries
at the cervical and thoracic levels,”
B Qualification: Is the biomarker associated with the
clinical endpoint of concern?
¢ 1% components: causal pathway linking disease
(injury) and clinical endpoints
® Mechanistic associations
® The pathophysiologic mechanisms resulting in
changes in evoked potentials are well understood and
plausible.
® Causal links
® When Hill's guideline for causality is applied to
INM,% the following table summarizes the analysis for
causality of two typical examples of surgery which
can produce changes in monitored parameters during
INM monitoring,
® Prognostic performance
B Since definition of ‘false positive’ might differ among

the studies, Holdefer et al, defined the ‘false positive’
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according to ‘causality guidelines’ and only consid-
ered those changes in INM which have strong associ-
ation and rapid changes in response to surgical set-
ting as having true neural injury. However, the opin-
jons about this definition might differ among
investigators. They also showed that calculated like-
lihood ratios using estimated sensitivity and specificity
of the previous studies showed favorable result for

INM as a diagnostic tests,

* 2 components: causal relationships between the
clinical endpoints and interventions targeting the
biomarker,

e Surgical interventions, evoked potentials and
outcomes

Since there are reversible signal changes, the surro-

gate markers cannot be 2 by 2 contingency table,

INM change might be classified as ‘None’, ‘Quickly re-

versible’, ‘Protracted reversible’, and ‘Trreversible’ and

clinical outcome also can be classified as more than
two such as ‘no deficit, ‘temporary deficit, and

‘permanent deficit’,

In the absence of controlled observations, these con-

tingency analyses may indicate that the effects of in-

terventions on EPs correspond to the effects on post-
operative outcomes, Like estimates of EP diagnostic
accuracy, they can benefit from judicious application
of Hill's guidelines to evaluate causality, They may al-
so be useful in teasing out details of intraoperative
management in response to EP changes.

e Controlled observation
Although controlled research design may be neces-

sary, these kinds of studies are unlikely to be avail-

able in the near future, Possible topics for the con-
trolled research design might be anterior cervical pro-
cedures in non-myelopathic patients, decompressive
surgeries at lumbar levels below the spinal cord, and
pedicle screw stimulation,

- Since INM can be used as biomarkers and surrogate
endpoints, Howick et al. tried to find the evidences
for INM as a diagnostic test as well as an intervention,

INM as a diagnostic test

- Howick et al.® identified two reviews which inves-
tigated diagnostic accuracy” and clinical effectiveness
and one review which investigated whether INM pre-
dicted adverse outcomes,’

- Nuwer et al. evaluated whether spinal cord INM with
somatosensory and transcranial electrical motor
evoked potentials predict adverse surgical outcomes,”
They identified 4 Class % and 8 Class II studies, ™’

INM as an intervention

- Howick et al. found 6 articles which studied INM*™*
as an intervention four™ " studies on spinal surgery
from one previous systematic review’ and they found
two more studies on thyroid surgery.

- Two other systematic reviews did not found any studies
in humans which directly measured the efficacy of

. . 325
intervention,

Step 3: what is the current status of EBM in the field of
intraoperative neurophysiologic monitoring?

Systematic reviews on diagnostic value of INM

. 8 . . . 725
- Howick et al.” combined evidence from two reviews, ™

u Most of the studies were case-comparison or

Clipping during aneurysm surgery

Spinal correction during deformity surgery

Strength of association Very strong Strong
Consistency across settings Very strong Strong
Specificity No No
Temporality (does treatment precede effect) Yes Yes
Biological gradient (dose response) Yes Yes
Biological plausibility (mechanistic reasoning) ~ Very strong Strong
Coherence with existing data Yes Yes
Experiment No No
Analogy NA NA
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historically controlled studies without blinding, which
rank as level 3 or 4 according to the Oxford center for
Evidence-Based Medicine Levels of Evidence Table,"® Two
studies had higher quality evidence (level 2) because they
were cross-sectional and involved blinded outcome
assessors,”* The high quality studies indicate the poten-
tial for INM to provide patient benefit by showing the
sensitivity ranging from 77-99% and specificity ranging
from 27-100%. However, their heterogeneous results sug-
gest further research is warranted to corroborate the
findings. All accuracy studies cited here have problems
with reference standards and complicated role of the sur-
geon’s response to alerts as mentioned above,
- Articles™™ found by Nuwer et al. showed significant
association between INM or evoked potentials change
and clinical outcome except for one Class II study,33
In 4 Class I studies, patients who had evoked poten-
tials change had bad clinical outcome in 16-40%,
- According to the evidence, INM is considered to be

accurate in diagnosing neural injury during surgery.

Systematic reviews on therapeutic value of INM

- Nuwer et al. rejected the possibility of future studies
for controlled human studies designed to determine
the efficacy of post-INM alert intervention and consid-
ered it as unethical because of multiple controlled
studies in animals*™ which demonstrated that inter-
vening after INM alerts reduces the risk of permanent
neurologic injury.

- All the studies™™ of INM effectiveness found by
Howick et al. used historical controls or were retro-
spective cohort studies, which provide only low qual-
ity evidence,'® The summary rate for neurological defi-
cits in monitored patients was 2.1% and 3.6% in un-
monitored patients, which equates to a test-benefit rate
ratio of 1.7. There was high heterogeneity (I*<75%),
reducing the strength of conclusion. Therefore, dra-

matic effects were not seen in INM,

20153 CHEHAIZADISE| H34RH SIATHE] - 24012 -

Do we need more studies to improve the evidence?

Not all treatments need double-blind randomized clin-
ical trials,” However, evidences of INM as an intervention
is not complete and some do not agree with its efficacy
in preventing neural injury during surgery. In line with
this, Eccher et al. suggested that it would not be impos-
sible to do such a prospective trials with careful choice of
surgical population and randomization design.”’ Clinical
trials might be done in the surgery of scoliosis, anterior
cervical discectomy and fusion, kyphotic deformity correc-
tion, intrinsic cord tumor, cerebral hemispheric tumor,
pedicle screw INM, and alert criteria for motor evoked

potentials, 8ot

However, there are many problems with
such trials such as absence of regulatory to prove its ef-
fectiveness, cost, and unwillingness to do such a trial for
a surgeon,” Therefore, Howick et al. also suggested to
perform a large collaborative prospective observational

cohort study.

Conclusion

INM should be used in patients who receive surgery
which might result in neural injury due to the operation,

However, the evidence of the role of INM in preventing

patients from any neural injury is not complete,
Therefore, further studies are needed to validate the role
of INM. Until the full validation of INM, the practice of

INM is recommended to follow the published guide-

311,52

lines whenever it's possible,
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