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Abstract
Background: Intramedullary spinal cord tumours (IMSCTs) sit within eloquent tracts, so resection risks worsened weakness.
Intraoperative neurophysiological monitoring (IONM) — somatosensory evoked potentials, the epidural D-wave, muscle motor
evoked potentials (mMEPs) and free-running or triggered electromyography — gives surgeons real-time feedback on cord
integrity. Objective: To review evidence on IONM modalities, alarm criteria, anaesthesia and outcomes in IMSCT surgery.
Methods: Narrative review of cohort studies, systematic reviews, meta-analyses and position statements.
Findings: A historical control study found MEP monitoring roughly halved new severe deficits. D-wave decline beyond 50%
predicts permanent deficit, while isolated mMEP loss is often reversible; intravenous anaesthesia preserves mMEP amplitude far
better than volatile agents. Multicentre cohorts and meta-analyses link protocol-driven IONM to reduced permanent morbidity
across paediatric and adult series. Conclusions: Multimodal IONM, interpreted against explicit D-wave and mMEP criteria under intravenous anaesthesia, is central to safe IMSCT resection, though prospective comparative data remain limited.
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Introduction

Intramedullary spinal cord tumours — predominantly ependymomas, astrocytomas and haemangioblastomas — arise within the substance of the cord itself, immediately adjacent to or interwoven with the corticospinal tracts and dorsal columns that carry motor and proprioceptive information to and from the limbs. Maximal safe resection is the principal determinant of long-term tumour control, particularly for ependymoma, yet the same dissection plane that permits complete removal also threatens the white-matter tracts on which neurological function depends. For decades, surgeons relied on anatomical landmarks, the midline myelotomy and subjective tactile feedback alone; the introduction of real-time electrophysiological feedback fundamentally changed this calculus.

Intraoperative neurophysiological monitoring (IONM) combines several complementary modalities: somatosensory evoked potentials for the dorsal columns, the direct epidural D-wave and myogenic motor evoked potentials (mMEPs) for the corticospinal tracts, and free-running or electrically triggered electromyography (EMG) for segmental nerve root and lower motor neuron integrity [1]. Combined use of these modalities, correlated against clinical outcome in large single-centre series, established IONM as more than an adjunct: a landmark historical control study demonstrated that MEP monitoring materially altered surgical decision-making and reduced new severe deficits compared with an unmonitored historical cohort [2]. This review synthesises the published literature on IONM modalities, alarm criteria, anaesthetic requirements and the outcome evidence specific to IMSCT resection, rather than presenting an individual institutional experience.

The rationale for multimodal monitoring rests on the anatomy of the tumour-cord interface. Ependymomas typically arise from ependymal cells lining the central canal and often present a discernible dissection plane, whereas infiltrative astrocytomas blur the boundary between tumour and functioning cord, and haemangioblastomas carry a distinct risk of intraoperative haemorrhage that can itself precipitate ischaemic injury to adjacent tracts. In all three, the surgeon must repeatedly decide whether continued resection along an ambiguous plane is safe, a decision historically made on visual and tactile cues alone. IONM reframes this decision around a physiological read-out obtained in near real time, at the cost of technical complexity, added operating time, and the need for close, continuous collaboration between surgeon, neurophysiologist and anaesthetist. The sections that follow consider the modalities themselves, the interpretive criteria used to trigger surgical pause, the anaesthetic regimen required to keep those signals interpretable, and the accumulated outcome evidence linking their use to preserved neurological function.

Neurophysiological Modalities and Their Rationale

Somatosensory evoked potentials, generated by stimulating peripheral nerves and recording cortical or subcortical responses, monitor dorsal-column function but correlate poorly with motor outcome when used alone, motivating the addition of motor pathway monitoring [1,3]. The corticospinal tract is assessed through two complementary signals recorded after transcranial electrical stimulation: the D-wave, a direct epidural recording of the earliest descending corticospinal volley that requires little contribution from spinal interneurons, and the mMEP, a compound muscle action potential that depends on a full transcortical-to-muscle circuit and is therefore far more sensitive to anaesthetic and physiological confounders [4]. Free-running EMG passively detects mechanical or thermal irritation of nerve roots or motor neurons during dissection, while triggered EMG confirms the identity of tissue before it is cut or coagulated; a position statement from the American Society of Neurophysiological Monitoring formalised technique, electrode placement and interpretation for this modality [5,6].

Because no single modality is sufficient, contemporary practice uses SEPs, D-wave, mMEP and EMG together, a combination validated across large multimodal series spanning both intramedullary and extramedullary spinal tumours [7]. A position statement from the American Society of Neurophysiological Monitoring on MEP technique underscores that consistent methodology — montage, stimulus train parameters and muscle selection — is a prerequisite for meaningful comparison across the literature [8]. In practice, SEPs are recorded continuously from posterior tibial and median nerve stimulation to flag positioning-related plexus or peripheral nerve injury as well as dorsal-column compromise, while mMEPs are typically sampled from a montage of upper- and lower-limb muscles after multipulse transcranial stimulation, and the D-wave is recorded from an epidural electrode placed rostral or caudal to the lesion before myelotomy. Free-running EMG runs throughout the resection on a dedicated channel, generating an audible signal that alerts the team to mechanical or thermal irritation without requiring active stimulation, while triggered EMG is used selectively to confirm whether tissue at the resection margin is functional neural tissue before it is transected [3].

Table 1: Principal intraoperative neurophysiological monitoring modalities used in intramedullary spinal cord tumour surgery

[1,4,5,6,8,3].
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D-Wave Monitoring: Value and Limits

The D-wave has emerged as the single most outcome-predictive corticospinal signal in IMSCT surgery, because a persistent D-wave despite mMEP loss reliably predicts a transient rather than permanent deficit, whereas D-wave amplitude decline beyond roughly 50% predicts permanent paresis [9,10]. This dissociation gives surgeons an actionable intraoperative rule: mMEP disappearance alone is a warning to pause, reposition retraction or irrigate, while combined D-wave and mMEP loss is a stronger signal to abandon further resection in that plane. A recent systematic review and meta-analysis directly comparing the diagnostic accuracy of D-wave and myogenic MEP monitoring confirmed that D-wave amplitude change carries higher specificity for permanent motor outcome, while mMEP change carries higher sensitivity, supporting a combined interpretive framework rather than reliance on either signal alone [11]. A large single-centre analysis of D-wave utility across IMSCT resections reinforced its predictive value while highlighting practical limitations: the D-wave cannot be recorded reliably below the conus, and epidural electrode placement is technically demanding in reoperative or previously irradiated fields [12]. A focused review of direct-wave neuromonitoring situates these findings within the broader literature on spinal tumour resection and highlights ongoing variability in electrode technique and reporting between centres [13]. Most recently, a large cohort study refined warning criteria for combined D-wave and MEP loss specifically for intramedullary resection, proposing thresholds intended to reduce false alarms without sacrificing sensitivity to genuine injury [14]. Taken together, this body of work supports a graded response protocol: an isolated, partial mMEP decrement prompts closer observation and a pause in dissection; a complete unilateral mMEP loss with preserved D-wave allows cautious continuation with heightened vigilance; and any substantial D-wave decline, particularly when paired with bilateral mMEP loss, is treated as a signal to stop resection in that region regardless of how much macroscopic tumour remains, since the D-wave's low interneuronal dependence makes it comparatively resistant to anaesthetic and haemodynamic confounding.

[image: Figure 1: Illustrative D-wave amplitude relative to baseline against the widely used 50% warning threshold: preservation above 50% of baseline is associated with a good long-term motor outcome, whereas decline beyond 50% (or total loss) is associated with permanent motor]Figure 1: Illustrative D-wave amplitude relative to baseline against the widely used 50% warning threshold: preservation above 50% of baseline is associated with a good long-term motor outcome, whereas decline beyond 50% (or total loss) is associated with permanent motor
deficit [9,10].

Alarm Criteria, False Positives and False Negatives

Because intraoperative alarms can prompt surgeons to abandon resection prematurely, well-calibrated alarm criteria are essential to avoid trading oncological completeness for a false sense of safety. An analysis of false-positive and false-negative MEP results during IMSCT surgery found that all-or-none amplitude loss criteria minimised false negatives at the cost of more frequent false alarms, whereas percentage-amplitude-decrease criteria reduced false positives but risked missing evolving injury, illustrating an unavoidable trade-off that must be tailored to tumour location and surgical goal [15]. The American Society of Neurophysiological Monitoring's position statement on MEP monitoring recommends that alarm criteria be interpreted alongside D-wave data whenever technically feasible, precisely because mMEP-only criteria carry a meaningfully higher false-positive rate in intramedullary surgery than in extramedullary or degenerative spine procedures [8]. The joint American Academy of Neurology/American Clinical Neurophysiology Society evidence-based guideline update likewise concludes that combined SEP and transcranial MEP monitoring is probably effective for predicting and reducing the risk of postoperative deficit, while cautioning that evidence quality for isolated modalities remains weaker [16]. Beyond amplitude-based criteria, some centres additionally track stimulation threshold, since a rising threshold required to elicit a stable mMEP can itself indicate evolving injury even before amplitude collapses outright, and this threshold-based approach may reduce false alarms in prolonged resections where gradual haemodynamic drift, rather than acute mechanical injury, is the more likely explanation for a slow amplitude decline.

Table 2: Selected outcome and methodology studies of intraoperative neurophysiological monitoring in intramedullary spinal cord tumour surgery reviewed here [2,21,22,23,26,24,25,15]. Study Population Design Key finding[image: Table 2: Selected outcome and methodology studies of intraoperative neurophysiological monitoring in intramedullary spinal cord tumour surgery reviewed here [2,21,22,23,26,24,25,15]. Study Population Design Key finding]
Study Population Design Key finding

Tropeano Adults, 10-year Retrospective Protocol-driven et al. 2023 single-centre cohort multimodal IONM experience associated with low permanent morbidity Siller et al. Adults, Prospective Most patients 2026 cervical/thoracic quality-of-life maintained functional IMSCT cohort independence after IONM-aided resection

Anaesthetic Considerations: TIVA versus Volatile Agents

Motor evoked potentials are exquisitely sensitive to anaesthetic technique, because volatile halogenated agents and nitrous oxide suppress transmission at the corticomotoneuronal synapse in a dose-dependent manner, often abolishing mMEPs even when the corticospinal tract itself is intact. A comparative study of total intravenous anaesthesia (TIVA) against balanced anaesthesia incorporating 3% desflurane found substantially better MEP monitorability under TIVA, with more patients achieving reliable baseline responses [17]. A broader review of anaesthetic impact on transcranial MEP monitoring across spine surgery similarly concluded that propofol- and opioid-based TIVA, avoiding neuromuscular blockade beyond intubation, is the preferred regimen wherever mMEP monitoring is planned [18]. A focused review of anaesthesia for spinal cord monitoring extends this guidance to dosing strategy, monitoring depth of anaesthesia and managing haemodynamics to preserve amplitude without compromising surgical conditions [19]. Newer intravenous hypnotics are also being evaluated: a randomised controlled trial comparing propofol with remimazolam during TIVA for cervical spine surgery found comparable IONM signal quality between agents, suggesting remimazolam may offer a viable propofol alternative without degrading monitoring fidelity [20].

Evidence for Outcome Benefit

Beyond the foundational historical control study [2], subsequent evidence has broadened across age groups and centres. In children, intraoperative MEP and SEP changes predicted postoperative motor outcome with high accuracy in a paediatric IMSCT cohort, supporting extension of adult-derived monitoring protocols to younger patients [21]. A systematic review and meta-analysis pooling IONM cohorts in intramedullary tumour surgery found consistent associations between preserved intraoperative signals and favourable postoperative motor status, while noting substantial heterogeneity in alarm criteria across included studies [22]. Large single-centre case series report similar findings: a prognostic-factor analysis across a substantial surgical series identified intraoperative signal preservation as an independent predictor of neurological outcome alongside tumour histology and preoperative function [23], a technique-outcome analysis emphasised how monitoring informed the extent of resection achievable without new deficit [24], and a ten-year single-centre experience with multimodal IONM reported low permanent morbidity attributable in part to protocol-driven intraoperative decision-making [25]. A quality-of-life study following IONM-aided resection found that most patients maintained functional independence at follow-up, reinforcing that intraoperative signal preservation translates into meaningful long-term status rather than short-term neurological scores alone [26]. A commentary examining the broader evidence base cautioned that outcome benefit, while consistently observed, is drawn mainly from historical-control and cohort designs rather than randomised trials [27]. Where nonoperative management is chosen for indolent ependymoma, natural-history data describing slow symptomatic progression provide useful context for weighing monitored resection against observation [28].

[image: Figure 2: Long-term McCormick grade change in the landmark historical control study: the motor evoked potential (MEP)-monitored cohort (n=50) showed a significant mean improvement of +0.28 (P=0.0016), while the unmonitored historical control cohort (n=50)]Figure 2: Long-term McCormick grade change in the landmark historical control study: the motor evoked potential (MEP)-monitored cohort (n=50) showed a significant mean improvement of +0.28 (P=0.0016), while the unmonitored historical control cohort (n=50)
showed no significant change [2].

Conclusion

The published literature — spanning foundational historical-control data, modality-specific validation of the D-wave and mMEP, position statements and guidelines on technique and alarm criteria, anaesthetic optimisation studies, and an expanding base of paediatric, adult and multicentre outcome series — supports multimodal IONM as integral to contemporary IMSCT resection. D-wave and mMEP together, interpreted against explicit percentage- and all-or-none-based alarm criteria and recorded under intravenous anaesthesia, give surgeons real-time, reasonably specific feedback on corticospinal integrity that a purely anatomical approach cannot provide. Persistent gaps remain: reliable D-wave recording below the conus, standardisation of alarm thresholds across centres, and prospective comparative outcome data beyond historical controls. Addressing these gaps should be a priority for future multicentre collaboration in this field.

References
	Kothbauer, K.F., Deletis, V., Epstein, F.J. (1998) Motor-evoked potential monitoring for intramedullary spinal cord tumor surgery: correlation of clinical and neurophysiological data in a series of 100 consecutive procedures. Neurosurgical Focus, 4(5): E3.

	Sala, F., Palandri, G., Basso, E., Lanteri, P., Deletis, V., Faccioli, F., Bricolo, A. (2006) Motor evoked potential monitoring improves outcome after surgery for intramedullary spinal cord tumors: a historical control study. Neurosurgery, 58(6): 1129-1143.

	Choi, I., Hyun, S.J., Kang, J.K., Rhim, S.C. (2014) Combined muscle motor and somatosensory evoked potentials for intramedullary spinal cord tumour surgery. Yonsei Medical Journal, 55(4): 1063.

	Sala, F., Bricolo, A., Faccioli, F., Lanteri, P., Gerosa, M. (2007) Surgery for intramedullary spinal cord tumors: the role of intraoperative (neuro)physiological monitoring. European Spine Journal, 16(Suppl 2): 130-139.

	Leppanen, R.E. (2005) Intraoperative Monitoring of Segmental Spinal Nerve Root Function with Free-Run and Electrically-Triggered Electromyography and Spinal Cord Function with Reflexes and F-Responses. Journal of Clinical Monitoring and Computing, 19(6): 437-461.

	Skinner, S.A., Nagib, M., Bergman, T.A., Maxwell, R.E., Msangi, G. (2005) The initial use of free-running electromyography to detect early motor tract injury during resection of intramedullary spinal cord lesions. Neurosurgery, 56(4 Suppl): ONS-299-ONS-313.

	Sutter, M., Eggspuehler, A., Grob, D., Jeszenszky, D., Benini, A., Porchet, F., Mueller, A., Dvorak, J. (2007) The validity of multimodal intraoperative monitoring (MIOM) in surgery of 109 spine and spinal cord tumors. European Spine Journal, 16(Suppl 2): 197-208.

	MacDonald, D.B., Skinner, S., Shils, J., Yingling, C. (2013) Intraoperative motor evoked potential monitoring - a position statement by the American Society of Neurophysiological Monitoring. Clinical Neurophysiology, 124(12): 2291-2316.

	Costa, P., Peretta, P., Faccani, G. (2013) Relevance of intraoperative D wave in spine and spinal cord surgeries. European Spine Journal, 22(4): 840-848.

	Zurita Perea, S.N., Alvarez Abut, P.A., Seidel, K. (2024) A Concise Guide to D-Wave Monitoring during Intramedullary Spinal Cord Tumour Surgery. Medicina, 60(8): 1242.

	Thomas, S., Addanki, R.N.D., Murugan, C.K., Anetakis, K.M., Lee, B.B., Balzer, J.R., Thirumala, P.D. (2026) A Systematic Review and Meta-Analysis to Compare the Diagnostic Accuracy of Direct-Waves and Myogenic Motor-Evoked Potential Neuromonitoring During Intramedullary Spinal Cord Tumor Resection. Operative Neurosurgery, 30(4): 513-524.

	Jiang, K., Al-Mistarehi, A.H., Zaitoun, K.J., Weber-Levine, C., Xia, Y., Mendelson, B.Z., Ksabi, N.L., Papali, P., Neerumalla, S., Antar, A., Hersh, A.M., Davidar, A.D., Pennington, Z., Gokaslan, Z.L., Lim, M., Lin, S.C., Lo, S.F.L., Witham, T., Sciubba, D.M., Jallo, G., Wolinsky, J.P., Weingart, J., Theodore, N., Lubelski, D. (2026) Utility of direct wave intraoperative neuromonitoring for intramedullary spinal cord tumor resection. Journal of Neurosurgery: Spine, ahead of print: 1-10.

	Olmsted, Z.T., Ryu, B., Phayal, G., Green, R., Lo, S.F.L., Sciubba, D.M., Silverstein, J.W., D'Amico, R.S. (2023) Direct Wave Intraoperative Neuromonitoring for Spinal Tumor Resection: A Focused Review. World Neurosurgery: X, 17: 100139.

	Park, H., Kim, W., Sim, J., Myeong, H.S., Choi, Y.D., Kwak, G., Kim, B.E., Park, J., Kim, S.M., Kim, K., Park, H.P., Kim, J.H., Lee, C.H., Chung, C.K., Kim, C.H. (2025) The Role of D-Wave Monitoring in Motor-Evoked Potential Loss During Intramedullary Spinal Cord Tumors Resection. Neurospine, 22(3): 650-662.

	Kurokawa, R., Kim, P., Itoki, K., Yamamoto, S., Shingo, T., Kawamoto, T., Kawamoto, S. (2018) False-Positive and False-Negative Results of Motor Evoked Potential Monitoring During Surgery for Intramedullary Spinal Cord Tumors. Operative Neurosurgery, 14(3): 279-287.

	Nuwer, M.R., Emerson, R.G., Galloway, G., Legatt, A.D., Lopez, J., Minahan, R., Yamada, T., Goodin, D.S., Armon, C., Chaudhry, V., Gronseth, G.S., Harden, C.L. (2012) Evidence-based guideline update: intraoperative spinal monitoring with somatosensory and transcranial electrical motor evoked potentials. Neurology, 78(8): 585-589.

	Sloan, T.B., Toleikis, J.R., Toleikis, S.C., Koht, A. (2015) Intraoperative neurophysiological monitoring during spine surgery with total intravenous anesthesia or balanced anesthesia with 3% desflurane. Journal of Clinical Monitoring and Computing, 29(1): 77-85.

	Wang, A.C., Than, K.D., Etame, A.B., La Marca, F., Park, P. (2009) Impact of anesthesia on transcranial electric motor evoked potential monitoring during spine surgery: a review of the literature. Neurosurgical Focus, 27(4): E7.

	Sahinovic, M.M., Gadella, M.C., Shils, J., Dulfer, S.E., Drost, G. (2021) Anesthesia and intraoperative neurophysiological spinal cord monitoring. Current Opinion in Anaesthesiology, 34(5): 590-596.

	Kim, M.H., Park, J., Park, Y.G., Cho, Y.E., Kim, D., Lee, D.J., Kwak, K.W., Lee, J., Han, D.W. (2025) Comparison of intraoperative neurophysiological monitoring between propofol and remimazolam during total intravenous anesthesia in cervical spine surgery: a prospective, double-blind, randomized controlled trial. Korean Journal of Anesthesiology, 78(1): 16-29.

	Cheng, J.S., Ivan, M.E., Stapleton, C.J., Quinones-Hinojosa, A., Gupta, N., Auguste, K.I. (2014) Intraoperative changes in transcranial motor evoked potentials and somatosensory evoked potentials predicting outcome in children with intramedullary spinal cord tumors. Journal of Neurosurgery: Pediatrics, 13(6): 591-599.

	Rijs, K., Klimek, M., Scheltens-de Boer, M., Biesheuvel, K., Harhangi, B.S. (2019) Intraoperative Neuromonitoring in Patients with Intramedullary Spinal Cord Tumor: A Systematic Review, Meta-Analysis, and Case Series. World Neurosurgery, 125: 498-510.

	Mirza, A.B., Gebreyohanes, A., Knight, J., Bartram, J., Vastani, A., Kalaitzoglou, D., Lavrador, J.P., Kailaya-Vasan, A., Maratos, E., Bell, D., Thomas, N., Gullan, R., Malik, I., Grahovac, G. (2022) Prognostic factors for surgically managed intramedullary spinal cord tumours: a single-centre case series. Acta Neurochirurgica, 164(10): 2605-2622.

	Rashad, S., Elwany, A., Farhoud, A. (2017) Surgery for spinal intramedullary tumors: technique, outcome and factors affecting resectability. Neurosurgical Review, 41(2): 503-511.

	Tropeano, M.P., Rossini, Z., Franzini, A., Capo, G., Olei, S., De Robertis, M., Milani, D., Fornari, M., Pessina, F. (2023) Multimodal Intraoperative Neurophysiological Monitoring in Intramedullary Spinal Cord Tumors: A 10-Year Single Center Experience. Cancers, 16(1): 111.

	Siller, S., Duell, S., Reyhaniye, D., Kramer, J., Harter, P.N., Ringel, F., Zausinger, S., Tonn, J.C., Szelenyi, A. (2026) Quality-of-life and detailed functional outcome after IONM-aided microsurgical resection of cervical and thoracic intramedullary spinal cord tumors in adults. Acta Neurochirurgica, 168(1): 86.

	Scibilia, A., Terranova, C., Rizzo, V., Raffa, G., Morelli, A., Esposito, F., Mallamace, R., Buda, G., Conti, A., Quartarone, A., Germano, A. (2016) Intraoperative neurophysiological mapping and monitoring in spinal tumor surgery: sirens or indispensable tools? Neurosurgical Focus, 41(2): E18.

	Behmanesh, B., Gessler, F., Dützmann, S., Dubinski, D., Imoehl, L., Seifert, V., Setzer, M., Marquardt, G. (2017) Natural history of intramedullary spinal cord ependymoma in patients preferring nonoperative treatment. Journal of Neuro-Oncology, 135(1): 93-98.


Copyright (c) 2024 . This article is distributed under the CC BY 4.0 licence.
Cite as: E K, Z S, M R. Intraoperative Neurophysiological Monitoring in Intramedullary Spinal Cord Tumour Surgery. Current Research in Neurology and Neurosurgery. 2024;7(1):41-48. https://doi.org/10.5281/zenodo.22310425
OEBPS/images/f3.jpg
ICCORMICK GRADE CHANGE: MEP-MONITORED VS HISTORICAL CON
0.28

0.25
0.20
0.15
0.10
0.05

o6 0.00

MEP-monitored cohort (n=i8forical unmonitored control (n=50)

Mean McCormick grade changes.






OEBPS/nav.xhtml
Contents

		Intraoperative Neurophysiological Monitoring in Intramedullary Spinal Cord Tumour Surgery





OEBPS/images/f2.jpg
Salaetal. |Adults,n=100(50 |Historical  |MEP monitoring
2006 monitored, 50 | control study | significantly
historical control) Improved long-term.
motor outcome

Chenget |Childrenwith  |Single-centre |Intraoperative

al.2014 | IMSCT cohort MEP/SEP change
predicted
postoperative motor
outcome
Rijsetal. | Pooledadultand |Systematic | Signal preservation
2019 paediatric IMSCT |reviewand | consistently
cohorts meta-analysis |assoclated with
favourable outcome
Mirzaet | Adults, Retrospective | Intraoperative signal
al.2022  |single-centre | caseseries | preservationan
surgical serles Independent
predictor of outcome
Kurokawa | Adults Retrospective | All-or-none vs
etal 2018 | undergoing cohort percentage-decrease
IMSCT resection alarm criteria trade
false negatives against
false positives
Rashad et | Adults, Retrospective | Monitoring informed
al.2017 | single-centre | cohort extent of resectlon
series achievable without
new deficit






OEBPS/images/f1.jpg
[VgAVE AMPLITUDE RELATIVE TO BASELINE AGAINST THE 50% WARNIN
£ 80

®
g

o
g

I
8

3

0- g
-wave preserved (good rbetarverdgabsisy >50% (permanent deficit risk)

Bwave amplitude (% of bas:






