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ABSTRACT

Objective To evaluate the impact of intraoperative
neuromonitoring (IONM) on stroke and operative mortality
after coronary and/or valvular operations.

Methods This was an observational study of coronary
and/or valvular heart operations from 2010 to 2021.
Baseline characteristics and postoperative outcomes were
compared by the use or non-use of IONM, which included
both electroencephalography and somatosensory-evoked
potentials. Propensity-score matching was employed

to assess the association of IONM usage with operative
mortality and stroke.

Results A total of 19299 patients underwent a cardiac
operation, of which 589 (3.1%) had IONM. Patients

with IONM were more likely to have had baseline
cerebrovascular disease (60% vs 22%). Patients with
IONM had increased operative mortality (5.3% vs 2.5%)
and stroke (4.9% vs 1.9%). Moreover, stroke and mortality
were highly correlated, with 14% of strokes resulting in
death, while only 2% of non-strokes resulted in death
(p<0.001). The unadjusted Kaplan-Meier survival estimate
was significantly lower among the group with IONM
(p<0.001, log-rank). After propensity matching, however,
there was no difference in operative mortality or stroke
across each group: 3.6% vs 5.3% for mortality and 3.7%
vs 5.4% for stroke. In the propensity-matched cohort, the
Kaplan-Meier survival estimates were not significantly
different across each group (p=0.419, log-rank).
Conclusions Adjusting for baseline risk, there was

no significant difference in adverse outcomes across
each group. IONM may serve as a biomarker of cerebral
ischaemia, and empirical adjustments based on changes
may provide benefits for neurologic outcomes in high-risk
patients. The efficacy of IONM during cardiac surgery
should be prospectively validated.

INTRODUCTION

Postoperative stroke is a devastating complica-
tion in patients undergoing cardiac surgery, and
it continues to be a leading cause of morbidity
and mortality." The incidence of postoperative
stroke remains 1-5% due to high rates of ather-
osclerosis, pre-existing cerebrovascular disease
and elevated age of the patient population.®

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Although existing data have demonstrated the
effectiveness of dual-modality intraoperative
neuromonitoring (IONM) in reducing adverse neu-
rologic outcomes after aortic arch surgery and
carotid endarterectomy, IONM during routine adult
cardiac surgery has not yet been adopted as the
clinical standard of care, despite suggestions by the
American Heart Association.

WHAT THIS STUDY ADDS

= This study suggests that IONM may be safely used
in the intraoperative setting, and it may provide
actionable neurologic data for intervening and pos-
sibly improving neurologic outcomes after cardiac
surgery.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= While further data are needed to establish IONM as
the standard of care, these results should support
the expanded utilisation of IONM during routine
adult cardiac surgery.

Stroke is associated with a greater likelihood of
in-hospital mortality, increased hospital cost and
length of stay, risk of cognitive decline and major
disability.® The aetiology of stroke is related to
cerebral thromboembolism and/or hypoper-
fusion during surgery.* Embolic strokes may be
attributed to atherosclerotic plaques, cardiac
thrombi from arrhythmias or debris from
surgical instrumentation.” Conversely, stroke
might also be related to cerebral hypoperfusion
before, during or after cardiopulmonary bypass.
Even as the operative mortality after cardiac
surgery continues to decline,’ stroke persists as
a major postoperative morbidity.”
Intraoperative neuromonitoring (IONM)
can detect adverse neurologic events in
real-time and may lead to interventions that
might improve neurologic outcomes after
cardiac surgery. Dual-modality IONM with
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electroencephalography (EEG) and somatosensory
evoked potentials (SSEPs) has been shown to be more
sensitive at detecting adverse neurologic events than
either modality alone.*"! Although several studies have
suggested the effectiveness of dual-modality IONM in
reducing adverse neurologic outcomes after aortic arch
surgery’” ' and carotid endarterectomy,'” '* ' TONM
during routine adult cardiac surgery has not yet been
adopted as the clinical standard of care, despite prelim-
inary data suggesting possible neurologic benefit and
suggestions by Scientific Statement from the American
Heart Association (AHA) on strategies to reduce stroke
during surgery.? '® 7

The primary aim of this study is to evaluate the efficacy
of IONM on postoperative stroke after coronary and/or
valvular operations. Secondarily, this study sought to eval-
uate the impact of IONM on other short-term morbidity
and long-term survival after cardiac surgery.

PATIENTS AND METHODS

Patient population and study design

This was an observational study, using a prospectively
maintained institutional database of all cardiac operations
performed at a single institution between 2010 and 2021.
This study adhered to STROBE guidelines for cohort studies.
Definitions and terminology were consistent with the Society
of Thoracic Surgeons database. All patients who underwent
coronary and/or valvular heart operations were included for
analysis. Aortic arch replacements thatwere conducted under
hypothermic circulatory arrest were excluded. Patients were
subsequently dichotomised into two groups, according to
the use or non-use of dual-modality IONM (including both
SSEP and EEG). Baseline characteristics and postoperative
outcomes were compared across each group. The primary
aim of this study was to evaluate the association between
IONM usage and stroke. Following the standardised defini-
tions of the Society of Thoracic Surgeons database, stroke
was defined as a neurologic deficit of abrupt onset caused
by a disturbance in blood supply to the brain that did not
resolve within 24 hours. Transient ischaemic attacks were
therefore not included in this definition.

Intraoperative neuromonitoring
During this study’s timeframe at this institution, the use
of IONM was determined by surgeon discretion; however,
in general, IONM was indicated for use in patients with a
history of stroke or severe carotid artery stenosis (250%
stenosis in one or both carotid arteries). All patients who
underwent a cardiac operation with the use of IONM
had both SSEP and EEG monitoring, as previously
described."'®

To generate SSEPs, subdermal needle electrode pairs
were used to independently stimulate the left and right
median or ulnar nerves at the wrist, and the left and right
posterior tibial nerves at the ankle. Constant current
stimulation was used, at intensities sufficient to evoke
a consistent and supramaximal response. To record

the thalamocortical and cortical potentials, or N20-P30
SSEPs, scalp electrodes were placed at P4/Fz and P3/
Fz (according to the International 10-20 System.'? The
dorsal column nucleus, or brainstem potential, was
recorded using an electrode, which was referenced to Fz
and localised on the mastoid. The peripheral potential
generated in the brachial plexus was recorded using elec-
trodes placed at the bilateral erb’s point and referenced
to each other. EEG was recorded using electrodes placed
on the scalp (according to the International 10-20
System).'! EEG was recorded using eight channels: F3-P3,
P3-O1, F3-T3, T3-O1, F4-P4, P4-O2, F4-T4 and T4-O2.

SSEP and EEG changes were monitored throughout
the operation by a dedicated and certified neurophys-
iologist. Significant SSEP changes were defined as a
persistent and consistent >50% decrease in the cortical
amplitude and/or 210% prolongation of latency from
baseline values in >2 averaged trials. To be considered a
significant EEG change, the EEG recording must display
a2>50% decrease in the amplitude of the fast frequency or
a 250% increase in theta or delta activity.

Statistical methods and analysis

Primary stratification was between the IONM group and
the group without IONM. Differences between base-
line demographic, clinical and operative variables were
compared across each group (table 1). Short-term post-
operative outcomes were compared across each group
(table 2). Next, a propensity-score analysis was conducted
to compare differences in postoperative outcomes across
each group (table 3). The matched cohort was generated
via 1:1 greedy matching, using a calliper of 0.2 of the SD of
the logit propensity score. After matching, standardised
mean differences (SMDs) were calculated to assess covar-
iate balance, with <10% being considered well-balanced
and <15% being considered acceptably balanced. Short-
term postoperative outcomes were compared across
each group of the propensity-matched cohort (table 4).
Finally, unadjusted survival estimates were generated
using Kaplan-Meier methods and compared using log-
rank statistics, before and after propensity-score matching
(figures 1 and 2). All statistical analyses were performed
using STATAV.15.0 (Stata Corp, College Station, Texas,
USA). All tests were two-sided with an o level of 0.05
considered to indicate statistical significance.

RESULTS

Baseline demographic, clinical and operative variables

A total of 19299 patients who underwent cardiac proce-
dures were identified, of which 589 (3.1%) had IONM.
Table 1 includes the baseline characteristics for the
entire cohort analysed according to the use or non-use of
IONM. Patients with IONM were younger and had lower
body mass index than patients without IONM. Patients
with JIONM had more comorbidities, including chronic
lung disease, peripheral vascular disease, cerebrovascular
disease and congestive heart failure, but were less likely
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Table 1 Baseline characteristics, comparing patients with IONM and patients without IONM
Variable No IONM (n=18710) IONM (n=589) P value
Age (years) 65.8+11.9 64.5+14.0 0.010
Sex (female) 5984 (32.0) 188 (31.9) 0.974
Caucasian race 17484 (93.5) 554 (94.1) 0.555
Body mass index (kg/m?) 29.9+6.3 28.5+6.1 <0.001
Diabetes mellitus 7336 (39.2) 200 (34.0) 0.010
Chronic dialysis use 498 (2.7) 20(3.4) 0.278
Chronic lung disease 4340 (23.2) 175 (29.7) <0.001
Peripheral vascular disease 3083 (16.5) 160 (27.2) <0.001
Cerebrovascular disease 4025 (21.5) 356 (60.4) <0.001
Preoperative haematocrit (%) 38.5+5.7 37.0+6.1 <0.001
Preoperative creatinine (mg/dL) 1.2+1.0 1.2+0.9 0.461
Congestive heart failure (<14 days) 4951 (26.5) 182 (30.9) 0.016
Ejection fraction 52.2+12.2 52.2+12.2 0.993
Redo surgery 1870 (10.0) 124 (21.1) <0.001
Surgical status 0.045

Elective 9292 (49.7) 283 (48.1)

Urgent 8755 (46.8) 295 (50.1)

Emergent/salvage 663 (3.5) 11(1.9)
Cardiopulmonary bypass time (min) 121+56.6 146x73.3 <0.001
Ischaemic time (min) 91.1+45.1 112+56.3 <0.001

IONM, intraoperative neurophysiologic monitoring.

to have had diabetes. Patients with IONM were also more
likely to have had a redo sternotomy but were less likely to
have had an emergent/salvage surgery. Finally, patients
with IONM had significantly longer cardiopulmonary
bypass time and longer ischaemic time.

Postoperative outcomes

Table 2 presents short-term postoperative outcomes
across each group. Patients with IONM were more likely
to have had a stroke and were more likely to have had
operative mortality. Patients with IONM also had longer
intensive care unit LOS, were more likely to have had
prolonged mechanical ventilation, were more likely to be
re-explored for excessive bleeding and were more likely
to require postoperative blood product transfusions.

However, the incidence of new-onset renal failure
requiring haemodialysis was similar across each group.
Of note, stroke and mortality were highly correlated, with
14% of strokes resulting in death, while only 2% of non-
strokes resulted in death (p<0.001).

Propensity-score matched analysis
Based on the baseline characteristics listed in table 1,
propensity-score matching yielded 589 pairs. Table 3
presents demographic, clinical and operative data for
the matched cohort, analysed by IONM usage. After
matching, the groups were well balanced across all base-
line covariates, with SMD being <0.05.

Table 4 presents shortterm postoperative outcomes
across each group for the propensity-matched cohort. After

Table 2 Postoperative outcomes, comparing patients with IONM and patients without IONM

Variable No IONM (n=18710) IONM (n=589) P value
Operative mortality (STS definition) 462 (2.5) 31(5.3) <0.001
ICU length of stay (hours) 45.2 (26.0-74.9) 48.5 (27.2-95.9) <0.001
Stroke 354 (1.9) 29 (4.9 <0.001
Prolonged ventilation (>24 hours) 2016 (10.8) 95 (16.1) <0.001
New dialysis requirement 544 (2.9) 18 (3.1) 0.833
Re-exploration for bleeding 640 (3.4) 38 (6.5) <0.001
Postoperative blood product transfusion 6607 (35.3) 274 (46.5) <0.001

ICU, intensive care unit; IONM, intraoperative neurophysiologic monitoring; STS, Society of Thoracic Surgeons.
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Table 3 Baseline characteristics, comparing patients with IONM and patients without IONM, after propensity-score matching

Variable No IONM (n=589) IONM (n=589) SMD
Age (years) 63.9+13.8 64.5+14.0 0.047
Sex (female) 196 (33.23) 188 (31.9) 0.029
Caucasian race 558 (94.7) 554 (94.1) 0.028
Body mass index (kg/m?) 28.5+5.9 28.5+6.1 0.002
Diabetes mellitus 210 (35.7) 200 (34.0) 0.035
Chronic dialysis use 22 (3.7) 20 (3.4) 0.020
Chronic lung disease 179 (30.4) 175 (29.7) 0.015
Peripheral vascular disease 168 (28.5) 160 (27.2) 0.033
Cerebrovascular disease 350 (59.4) 356 (60.4) 0.023
Preoperative haematocrit (%) 37.0+6.1 37.0+6.1 0.006
Preoperative creatinine (mg/dL) 1.23+1.0 1.21+0.9 0.020
Congestive heart failure (<14 days) 179 (30.4) 182 (30.9) 0.011
Ejection fraction 52.5+11.6 52.2+12.2 0.022
Redo surgery 128 (21.7) 124 (21.1) 0.019
Surgical status

Elective 299 (50.8) 283 (48.1) 0.054

Urgent 280 (47.5) 295 (50.1) 0.051

Emergent/salvage 10(1.7) 11 (1.9 0.013

IONM, intraoperative neurophysiologic monitoring; SMD, standardised mean difference.

matching, there was no difference in operative mortality or
stroke across each group. Patients with IONM were more
likely to have had new-onset renal failure requiring haemo-
dialysis and re-exploration for bleeding after matching. All
other postoperative outcomes were similar between the
two groups, including intensive care unit length of stay,
prolonged mechanical ventilation (>24hours) and postoper-
ative blood product transfusions.

Long-term survival
Average (+SD) and median (IQR) follow-up for the
entire cohort were 5.0+3.7and 4.8 (2.2-7.5) years, respec-
tively. In the total cohort, 2.5% of patients were lost to
follow-up.

Figure 1 presents Kaplan-Meier survival estimates
stratified by IONM versus no IONM. The unadjusted

Kaplan-Meier survival estimate was significantly lower
among the group with IONM, compared with the group
without IONM (figure 1, p<0.001, log-rank). For the
group with IONM, survival was 86.7% (95% CI 83.9 to
89.4) at 1year, 70.4% (95% CI 66.4 to 74.2) at 5years and
57.3% (95% CI 51.7 to 62.8) at 10years. For the group
without IONM, survival was 92.1% (95% CI 91.7 to 92.5)
at lyear, 80.5% (95% CI 79.8 to 81.1) at 5years and 65.8%
(95% CI 64.7 to 66.8) at 10years.

Figure 2 presents the survival curves for the propensity-
matched cohort. In the propensity-matched cohort, the
Kaplan-Meier survival estimates were not significantly
different across each group (p=0.419, log-rank). For the
group with IONM, survival was 86.7% (95% CI 83.9 to
89.4) at 1year, 70.4% (95% CI 66.4 to 74.2) at 5years and

Table 4 Postoperative outcomes, comparing patients with IONM and patients without IONM, after propensity-score

matching

Variable No IONM (n=589) IONM (n=589) P value
Operative mortality (STS definition) 21 (3.6) 31(5.3) 0.156
ICU length of stay (hours) 47.3 (26.3-77.6) 48.5 (27.2-95.9) 0.075
Stroke 22 (3.7) 32 (5.4) 0.164
Prolonged ventilation (>24 hours) 27 (4.6) 18(3.1) 0171
New dialysis requirement 19(3.2) 38 (6.5) 0.010
Re-exploration for bleeding 234 (39.7) 274 (46.5) 0.019
Postoperative blood product transfusion 20 (3.4) 29 (4.9 0.189

ICU, intensive care unit; IONM, intraoperative neurophysiologic monitoring; STS, Society of Thoracic Surgeons.
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Figure 1 Kaplan-Meier survival estimates, compared across

patients with IONM and patients without IONM. IONM,
intraoperative neurophysiologic monitoring.

57.3% (95% CI 51.7 to 62.8) at 10years. For the group
without IONM, survival was 89.1% (95% CI 86.5 to 91.5)
at lyear, 71.9% (95% CI 67.8 to 76.0) at 5years and 59.7%
(95% CI 54.1 to 65.2) at 10years.

DISCUSSION

IONM may detect cerebral ischaemic insults during
cardiac surgery and may therefore inform perioperative
decision-making to prevent adverse neurologic events.
The present study explores the impact of IONM on the
incidence of stroke after coronary and/or valvular opera-
tions. A few notable findings are evident from this obser-
vational analysis. First, IONM use was associated with
increased postoperative stroke in the unmatched cohort,
which may reflect higher baseline risk in the IONM
group compared with the group without IONM. Second,
after propensity score matching, there was no associa-
tion between IONM use and postoperative stroke, which
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Figure 2 Kaplan-Meier survival estimates, compared
across patients with IONM and patients without IONM,
after propensity-score matching. IONM, intraoperative
neurophysiologic monitoring.

highlights the potential of IONM in tailoring interven-
tions to reverse neurologic insult during cardiac surgery.
Third, survival was similarly better in the group without
IONM compared with the group with IONM in the
unmatched cohort; however, this survival difference did
not persist in the propensity-matched cohort. By implica-
tion, IONM may be associated with improved outcomes
after cardiac surgery, which is likely to be mediated by
its benefit for neurologic outcomes in high-risk patients.

Postoperative stroke is a major adverse complication
associated with cardiac surgery. Patients with postopera-
tive stroke have a six to nine times higher risk of death
compared with patients without stroke.”” The frequency
of this complication is reported to be as high as 5% in
patients undergoing coronary operation and almost 16%
in patients undergoing valve surgery or those with pre-
existing cerebrovascular disease.”’ Thromboembolism
and hypoperfusion are the main aetiologies of intraopera-
tive stroke during coronary and/or valvular operations.*
Ascending aortic atherosclerosis is documented in >50%
of patients undergoing coronary artery bypass grafting,
and of concern as surgical manipulation can dislodge
atherosclerotic plaques.” Furthermore, hypoperfusion
and a decrease in mean arterial pressure are important
predictors of watershed strokes,” which are more likely
to require intensive long-term care than any other post-
operative stroke.”*

The advantage of multimodal brain monitoring (ie,
dual utilisation of both SSEP and EEG) is that it can
evaluate the function of various nervous system struc-
tures, which in turn can guide decision-making during
all phases of cardiac surgery. IONM has been widely
evaluated for use during carotid endarterectomy, where
postoperative stroke secondary to thrombotic occlusions
that impede cerebral perfusion is a feared neurologic
complication.'” " During aortic arch reconstruction, the
concern of stroke stems from the hypothermic circulatory
arrest which harbours increased risk of cerebral hypoper-
fusion.” ** Prior findings suggest that dual-modality
neuromonitoring is more predictive of postoperative
stroke than SSEP or EEG alone."” '® EEG can detect cere-
bral ischaemia and permanent EEG changes have been
found to be significant postoperative stroke predictors.'®
However, anaesthesia can suppress cortical activity and
EEG signals, which emphasises the advantage of SSEP,
that have the benefit of resistance to anaesthetic agents
and mild temperature variations.”” SSEP also evaluates
the integrity of the somatosensory pathway and is a more
sensitive detector of subcortical ischaemia compared with
EEG.” Each neuromonitoring modality brings its own
array of benefits that complement the others’ deficien-
cies, allowing clinicians to tailor informed interventions
during surgery to prevent neurologic insult.

In the present study, IONM use was associated with post-
operative stroke in the unmatched cohort, comprising all
patients who had IONM for coronary and/or valvular
operations. As there is no established standard of care
regarding IONM,” the IONM was used at surgeon
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discretion. In general, however, IONM was indicated for
use in patients with specific risk factors for perioperative
stroke, such as a history of stroke or severe carotid artery
stenosis.”’ Patients with IONM had 2.7 times higher
odds of stroke compared with patients without IONM,
which may suggest that IONM was appropriately chosen
for patients who have a high-risk profile of stroke. This
highlights the clinical importance of accurately assessing
patient-specific risk factors of stroke as these factors can
be informative to surgeons to use IONM during surgery
to assess neurologic insult among this high-risk patient
population. In contrast to our observations, a prior study
by Zanatta et al found that the incidence of postopera-
tive stroke was lower for patients who received IONM,
compared with patients who did not receive IONM.'®
However, the two groups in their study were significantly
different across numerous baseline characteristics with
patients who did not receive IONM being of older age
and having a higher number of combined procedures,
which suggests possible confounding bias as these factors
increase the risk of major neurologic complications.
Additionally, in this prior study, IONM use was deter-
mined based on anaesthesiologist availability rather than
surgeon’s discretion, which resulted in substantial differ-
ences in participant selection between the two studies.
In the propensity-matched analysis, IONM use was no
longer associated with postoperative stroke. Thus, when
the higher baseline risk of stroke in the IONM group
is accounted for, the group with IONM had a similar
likelihood of postoperative stroke compared with the
group without IONM. Similarly, while overall long-term
survival was significantly lower in the unmatched cohort
for patients who had IONM, the survival advantage did
not persist after propensity score matching. By implica-
tion, when accounting for baseline risk, neurologic and
mortality outcomes become similar across each group,
which may suggest that IONM use enables patients
with higher baseline risk to achieve comparable results
to patients with lower baseline risk. That is, this study’s
propensity-matched findings could reflect the intraoper-
ative interventions in the IONM group that were used to
reverse neurologic insults. IONM with SSEP and EEG"
has been shown to be a significant biomarker for cerebral
ischaemia and stroke, during carotid endarterectomy,"
cerebral aneurysm clipping,” endovascular procedures™
and cardiac surgeries.”” Most importantly, empirical
interventions during surgery have the reduced risk of
postoperative stroke, suggesting the value of IONM.* In
fact, empirical interventions like increasing mean arte-
rial pressure, checking flow rate in bypass, evaluating
other physiologic variables and increasing postoperative
care in the intensive care unit are performed but not
consistently documented, thus evaluating the efficacy
of IONM challenging in retrospective studies. This led
to the Scientific Statement from the AHA, on Consider-
ations for Reduction of Risk of Perioperative Stroke in
Adult Patients Undergoing Cardiac and Thoracic Aortic
Operations to suggest neuromonitoring where available.”

However, further studies are warranted to determine the
benefit of IONM use and protocol-guided interventions
for reducing strokes after cardiac surgery—possibly as a
randomised controlled trial.

Various manoeuvres were performed to correctintraop-
erative EEG and SSEP abnormalities. These manoeuvres
were designed to augment cerebral perfusion, enhance
cerebral oxygen delivery and/or reduce cerebral meta-
bolic demand. The patient’s head position was optimised
if there was neck rotation or facial plethora; the partial
pressure of arterial carbon dioxide was increased to
>40mm Hg; the mean arterial pressure was pharmacolog-
ically elevated to >60 mm Hg; the pump flow was increased
to 2.5L/min/m% the fraction of inspired oxygen was
increased; red blood cell transfusions were administered,
especially if haematocrit was <20%; the heart was reposi-
tioned to improve jugular venous drainage; CPB cannula
was repositioned if suboptimal cerebral perfusion was
suspected; anaesthesia was deepened as necessary; and
the temperature was maintained between 32°C and 36°C.
For coronary artery bypass grafting, conversion to an off-
pump approach would be considered if there were IONM
abnormalities prior to cross-clamping in conjunction
with atheromatous changes detected on epiaortic ultra-
sound. Anaortic inflow configurations were also consid-
ered feasible. Once the heart was adequately rested after
the cross-clamp was removed, the patient was allowed to
be pulsatile while maintaining hypertension. Finally, for
all IONM abnormalities that persisted at the end of the
case, we advocate immediate head and neck CT angio-
gram with brain perfusion to look for any large vessel
occlusion and to determine whether endovascular neuro-
intervention may be indicated. Establishing a protocol-
driven algorithm for intervening on IONM abnormalities
is critical for reversing neurologic injury detected during
cardiac surgery.

Limitations

There are several important limitations to this study.
First, there are inherent limitations due to the retro-
spective design and the use of medical records to review
IONM reports and empirical interventions in response
to IONM changes. Second, while the propensity-matched
analysis suggests that IONM may mitigate the risk of
stroke, it cannot be determined if the reduction in the
incidence of postoperative stroke was due to intraoper-
ative interventions in response to IONM abnormalities
or due to nature of the matched analysis, the balancing
of patient-specific risk factors for stroke between the two
groups resulted in the observed stroke reduction. Third,
the single-centre design allowed for standardisation and
consistency in procedures; however, all surgeries were
performed by a small group of surgeons in a single, high-
volume institution thereby limiting the generalisability of
the findings.

Conclusion
In this study of the role of IONM during cardiac surgery,
IONM use was associated with postoperative stroke and
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operative mortality, suggesting its potential role as a
neurophysiologic biomarker. However, these associations
were not present after propensity score matching for risk
factors associated with stroke. While IONM may mitigate
adverse neurologic outcomes after cardiac surgery, these
results suggest that IONM may be safely used in the intra-
operative setting. Prospective clinical studies should be
performed to confirm the results for wider acceptance
and implementation.
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