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Abstract 1 

Objectives: To evaluate the clinical utility and limits of intraoperative flash visual 2 

evoked potentials (VEPs) during cranial neurosurgery for predicting early postopera-3 

tive visual function. 4 

Methods: We performed a retrospective single-center cohort analysis of 120 consec-5 

utive patients (July 2017 to June 2019) who underwent intracranial tumor/skull-base 6 

surgery with pre- and postoperative neuro-ophthalmologic assessment. Monitoring fol-7 

lowed a predefined protocol based on total intravenous anesthesia (propofol/remifen-8 

tanil) with BIS guidance and active temperature/blood-pressure management. Flash 9 

VEPs were elicited using LED pads over closed eyelids (flash duration 40 ms, band-10 

pass 20–500 Hz). The a-priori alarm criterion was a ≥50% amplitude decrease or re-11 

producible VEP loss sustained for ~3.5-4 min, triggering standardized checks and cor-12 

rective steps. 13 

Results: VEPs were analyzable in 109 of 120 patients which corresponds to 90.8%. 14 

Eleven of 120 patients which corresponds to 9.2% had non interpretable signals due 15 

to poor documentation in four cases or predominant artifacts in seven cases. The most 16 

frequent pathologies were meningioma in 39 patients which corresponds to 32.5%, 17 

astrocytoma in 30 patients which corresponds to 25.0%, and metastasis in 18 patients 18 

which corresponds to 15.0%. Intraoperative VEP deterioration tracked postoperative 19 

visual dysfunction. False negative deterioration occurred in 5 of 120 patients which 20 

corresponds to 4.16% while no false positive change was observed. 21 

Conclusion: Under standardized TIVA and modern LED stimulation, intraoperative 22 

flash VEP monitoring is feasible in most neurosurgical cases and can provide actiona-23 

ble warnings of optic-pathway compromise, though susceptibility to anesthetic depth 24 

and stimulus-delivery issues remains a key limitation. Larger prospective studies are 25 

warranted to refine diagnostic accuracy and validate alarm thresholds for clinical deci-26 

sion-making. 27 

 28 

Keywords (3-6): Intraoperative monitoring; visual evoked potentials; neurosurgery; 29 

optic pathway; prognostic value; anesthesia. 30 

 31 

 32 
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Introduction 33 

The derivation of evoked potentials (EP) is based on the fact that stimulation of sensory 34 

organs elicits an electrical response in the corresponding cortical area (Odom et al., 35 

2004; Wiedemayer et al., 2004). Neurosurgical interventions in the area of the visual 36 

pathway are not only carried out to remove tumors, but also to improve function or at 37 

least to protect structures at risk. Nevertheless, unexpected visual deteriorations may 38 

occur postoperatively. Appropriate intraoperative monitoring of visual evoked poten-39 

tials (VEP) aims to avoid postoperative visual deterioration (Chung et al., 2012; 40 

Jashek-Ahmed et al., 2021; Kikuchi et al., 2005). 41 

VEPs have been used since the 1960s to verify correct function of the visual pathway, 42 

originally to examine visual function in demyelinating diseases such as multiple scle-43 

rosis and optic atrophies. Intraoperative VEP examinations have been performed since 44 

around 1970 to monitor the integrity of the visual pathway during surgery. However, 45 

intraoperative VEP monitoring is not yet widespread and its usefulness remains con-46 

troversial. While some studies report a benefit of intraoperative VEP monitoring, others 47 

show no correlation between intraoperative VEP findings and postoperative visual 48 

function. The main controversies concern technical aspects and the reproducibility and 49 

accuracy of intraoperative findings (Chung et al., 2012; Jashek-Ahmed et al., 2021; 50 

Wiedemayer et al., 2003; Wiedemayer et al., 2004). 51 

Because all volatile anesthetics and several intravenous agents suppress VEP ampli-52 

tudes and increase variability, total intravenous anesthesia (TIVA) became widely used 53 

for surgeries requiring intraoperative monitoring at the turn of the millennium (Chi and 54 

Field, 1986; Kameyama, 1994). In addition to TIVA, the development of high-lumi-55 

nance light-emitting diodes (LEDs) has enabled more reliable intraoperative VEP re-56 

cordings with improved reproducibility, provided correct positioning and shielding are 57 

ensured (Sasaki et al., 2010). 58 

Physiological conditions further influence VEP reliability. Body temperature and blood 59 

pressure are crucial determinants of signal quality. Because the visual pathway is pol-60 

ysynaptic and synaptic transmission is highly sensitive to hypothermia, a 1 °C drop in 61 

temperature can reduce central transmission by ~15 % (Russ et al., 1987; Zeitlhofer 62 

et al., 1990). Maintaining stable hemodynamics and temperature is therefore essential 63 

for valid interpretation (Russ et al., 1987; Zeitlhofer et al., 1990). 64 
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Beyond these technical and physiological limitations, little is known about how in-65 

traoperative changes trigger modifications in surgical strategy and how such changes 66 

translate into functional outcome. Whether VEP monitoring can improve extent of re-67 

section while preserving visual function also remains uncertain (Chung et al., 2012; 68 

Jashek-Ahmed et al., 2021; Kikuchi et al., 2005). Therefore, we conducted the present 69 

study to investigate whether intraoperative VEP monitoring is a reliable method that 70 

correlates with postoperative visual status under a standardized protocol. 71 

 72 

Methods 73 

Study design and setting 74 

We conducted a single-center, retrospective cohort study at the Department of Neuro-75 

surgery, Sana Hospital Duisburg, including all consecutive neurosurgical procedures 76 

in which intraoperative visual evoked potentials (iVEPs) were used between July 2017 77 

and June 2019. iVEP monitoring was applied whenever patients presented with pre-78 

operative visual impairment or when the pathology/approach conferred elevated risk 79 

to the optic apparatus or post-chiasmal visual pathways. A total of 120 patients met 80 

these criteria and were analyzed. Eligible cases comprised supratentorial and skull-81 

base operations with potential risk to the optic nerves, chiasm, tracts, or radiations, 82 

irrespective of histology. Monitoring was bilateral in all cases. Exclusion criteria were 83 

predefined and included conversion to inhalational maintenance anesthesia and tech-84 

nical monitoring failure (for example, persistent non-derivable VEPs at baseline despite 85 

troubleshooting). Analyses were performed primarily per patient, with side-specific 86 

notes where applicable. 87 

Pre- and postoperative assessments 88 

Pre- and postoperative visual assessments followed institutional standards. At mini-89 

mum, bedside documentation by a neurosurgeon comprised visual acuity (fingers-90 

counting based) and gross perimetry using finger perimetry. Formal ophthalmologic 91 

examinations were available in a subset of patients and were performed preoperatively 92 

in 39/120 (32.5%) and postoperatively in 30/120 (25%). Baseline examinations were 93 

obtained during the routine preoperative work-up, and early postoperative assess-94 

ments were performed on the ward or ICU within the initial postoperative window. 95 

 96 
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Anesthesia and physiological management 97 

Anesthesia and physiology were standardized. Monitoring included 5-lead ECG, pulse 98 

oximetry, capnography, and invasive arterial blood pressure. Peripheral and central 99 

venous access were placed as indicated. Depth of anesthesia was guided by bispectral 100 

index (BIS). Temperature management relied on a forced-air warming blanket, a na-101 

sopharyngeal probe provided continuous core temperature measurement. Following 102 

endotracheal intubation, anesthesia was maintained as total intravenous anesthesia 103 

(TIVA) with propofol 8–12 mg·kg⁻¹·h⁻¹ and remifentanil 0.3 µg·kg⁻¹·min⁻¹. Hypnotic 104 

dosing was titrated to BIS targets; mean core temperature after induction was 35.7 ± 105 

0.4 °C. Volatile agents were avoided after induction, and long-acting neuromuscular 106 

blockers were not administered during monitoring epochs. Vasoactive agents were 107 

used as needed to maintain stable hemodynamics. To minimize artifacts, the team 108 

performed standardized checks before critical steps and whenever signal changes oc-109 

curred (brief electrocautery pauses, inspection for drape/LED displacement, and cable 110 

strain relief). 111 

Stimulation and recording 112 

After induction and before skin incision, VEP electrodes were applied and the stimula-113 

tion pads positioned. Commercial high-luminance LED flash pads (disc-shaped) were 114 

placed bilaterally over closed eyelids and secured with protective tape to ensure stable 115 

coupling throughout the procedure, stimulation was routinely delivered to both eyes, 116 

with side-specific testing if clinically required. Flash duration was 40 ms. Signals were 117 

recorded from occipital scalp positions according to the international 10–20 system (Oz 118 

and O1/O2) referenced to a midline site, with impedances kept low and balanced. Re-119 

cordings were amplified and band-pass filtered at 20–500 Hz. Acquisition began before 120 

dura opening and continued until dural closure, as post-closure changes were not ex-121 

pected to be procedure-related. Stable baselines were obtained prior to the first critical 122 

surgical step (e.g., devascularization or dissection), with scheduled rechecks at prede-123 

fined milestones and ad hoc after surgical manipulations or physiological changes, 124 

suspicious changes prompted immediate repetition of runs for confirmation. 125 

Alarm criteria and response protocol 126 

Alarm criteria and responses were predefined. The primary alarm was a ≥ 50% reduc-127 

tion in VEP amplitude relative to baseline and/or reproducible signal loss sustained for 128 

approximately 3.5–4 minutes. Confirmation steps required repeat averaging, verifica-129 

tion of LED position/occlusion and cable integrity (and, where available, corroborative 130 
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checks such as ERG presence), as well as correction of potential physiological con-131 

founders (blood pressure, oxygenation/ventilation, anesthetic depth, and temperature). 132 

Surgical responses followed a stepwise algorithm and could include temporary pause, 133 

irrigation, meticulous hemostasis, gentle decompression, and modification of retrac-134 

tion, trajectory, or extent of dissection. Reversibility within the same operative episode 135 

was documented as reversible, partially reversible, or non-reversible. 136 

Outcomes 137 

Outcomes were defined a priori. The primary outcome was postoperative visual dete-138 

rioration, any decline in visual acuity and/or new or worsened visual field deficit com-139 

pared with preoperative baseline, assessed in the early postoperative period. Second-140 

ary outcomes included visual stability or improvement, intraoperative reversals of VEP 141 

deterioration after corrective actions, categorical signal quality (e.g., well-derivable, 142 

side difference, poorly derivable), and monitoring-related adverse events. Unilateral 143 

and bilateral findings were handled according to prespecified operational definitions 144 

used in the institutional database. 145 

Statistical analysis 146 

Statistical analysis proceeded in several steps. Descriptive statistics summarized de-147 

mographics, pathology and approach, baseline vision, and monitoring feasibility. 148 

Group comparisons used χ² or Fisher’s exact test for categorical variables and inde-149 

pendent-samples t-test or Mann–Whitney U test for continuous variables, as appropri-150 

ate. Diagnostic performance of iVEP for predicting postoperative deterioration was 151 

quantified as sensitivity, specificity, positive and negative predictive values, and overall 152 

accuracy, each with 95% confidence intervals. Concordance between intraoperative 153 

amplitude drops and postoperative outcome was further examined with logistic regres-154 

sion, adjusted for clinically relevant covariates (baseline vision, lesion proximity to vis-155 

ual pathways, operative time, and surgeon experience). Missing data were handled 156 

transparently using complete-case analyses with sensitivity analyses where feasible. 157 

Exploratory receiver-operating-characteristic analyses assessed amplitude-drop 158 

thresholds in relation to outcome. Analyses were conducted primarily per patient,  159 

where side-specific data were available, supportive per-eye analyses were performed. 160 

Ethics 161 
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The study was conducted in accordance with the Declaration of Helsinki and approved 162 

by the local institutional review board. Given the retrospective design, consent require-163 

ments followed local regulations. 164 

 165 

Results 166 

Cohort overview 167 

A total of 120 patients (240 eyes) underwent intracranial surgery with intraoperative 168 

visual evoked potential (VEP) monitoring. Conclusive intraoperative data were availa-169 

ble in 90.8%. 9.2% were excluded due to artifacts or incomplete documentation (Table 170 

1). Pathologies per patient were as follows: meningioma 39/120 (32.5%), astrocytoma 171 

30/120 (25.0%), metastasis 18/120 (15.0%), pituitary adenoma 7/120 (5.83%), vascu-172 

lar lesions 9/120 (7.5%), orbital lesions 8/120 (6.66%), chordoma 3/120 (2.5%), neuri-173 

noma 2/120 (1.6%), Rathke’s cleft cyst/craniopharyngioma 2/120 (1.6%), and lym-174 

phoma 2/120 (1.6%) (Table 1). Among meningiomas (n=39), the most frequent sites 175 

were sphenoid wing, olfactory groove, and planum sphenoidale (full distribution in Ta-176 

ble 1). Among astrocytomas (n=30), locations were temporal (n=11), parietal (n=8), 177 

frontal (n=3), occipital (n=6), suprasellar (n=1), and chiasmatic (n=1) (Table 1). Age 178 

distribution was: 20-30 y 1/120 (0.8%), 31-40 y 9/120 (7.5%), 41-50 y 17/120 (14.2%), 179 

51–60 y 25/120 (20.8%), 61-70 y 35/120 (29.2%), 71-80 y 29/120 (24.2%), >80 y 4/120 180 

(3.3%); mean age ~61 years. 181 

Preoperative ophthalmologic documentation was available in 39/120 (32.5%) and early 182 

postoperative documentation in 30/120 (25.0%). Outcome analyses below are re-183 

ported per patient using the available clinical ophthalmology records. All cases were 184 

managed with total intravenous anesthesia (propofol/remifentanil), four cases required 185 

volatile anesthesia for clinical reasons and yielded poorly derivable VEPs. Mean in-186 

traoperative core temperature after induction was 35.7 ± 0.4 °C. VEP baselines were 187 

acquired pre-incision and recording continued until dural closure according to the pro-188 

tocol. 189 

 190 

Signal acquisition and quality 191 

Reliable, stable VEPs were obtained in 63/120 (52.5%) patients. Artifact-dominant re-192 

cordings occurred in 7/120 (5.8%), and documentation was inadequate in 4/120 193 
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(3.3%). Intraoperative signal-change categories comprised badly derivable 5/120 194 

(4.2%), side difference 26/120 (21.7%), and intraoperative deterioration 15/120 195 

(12.5%) (Table 2). 196 

 197 

Intraoperative changes and corrective actions 198 

Direct contact of the lesion with the optic apparatus (optic nerve/chiasm) was docu-199 

mented in 20/26 cases with side-difference changes and in 15/15 cases with intraoper-200 

ative deterioration (Table 3). VEP changes were most frequently time-stamped around 201 

dural opening or early tumor resection, frequent concurrent factors included bipolar 202 

coagulation/ultrasonic aspiration and hemodynamic/temperature shifts (Table 3). Cor-203 

rective maneuvers comprised temporary pause and irrigation, blood-pressure optimi-204 

zation, and nimodipine (topical or IV). In the side-difference subgroup, nimodipine was 205 

used in 11/26 cases with signal improvement in 5/11. In the deterioration subgroup, 206 

nimodipine was used in 10/15 with signal improvement in 6/10 (Table 3). 207 

 208 

Postoperative visual outcomes 209 

Early postoperative ophthalmological assessment demonstrated a generally stable 210 

course of visual function across the cohort (Table 2). Among patients with stable in-211 

traoperative VEPs (n = 63), postoperative visual function improved in 20 cases 212 

(31.7%), remained unchanged in 41 cases (65.1%), and deteriorated in 2 cases 213 

(3.2%). In the subgroup with badly derivable VEPs (n = 5), vision improved in one 214 

patient, was unchanged in three, and worsened in one. Patients classified as having 215 

side differences between hemispheric recordings (n = 26) showed visual improvement 216 

in five (19.2%) and stable vision in twenty-one (80.8%), with no postoperative deterio-217 

ration in this subgroup. In contrast, patients with intraoperative VEP deterioration (n = 218 

15) demonstrated improvement in two (13.3%), unchanged vision in eight (53.3%), and 219 

visual decline in five (33.3%) cases. Taken together, postoperative visual deterioration 220 

occurred in eight patients (6.7%) across the entire cohort, while 28 patients (23.3%) 221 

showed measurable postoperative improvement and 84 patients (70.0%) remained 222 

unchanged. 223 

 224 

 225 
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Diagnostic performance 226 

A ≥50% sustained amplitude decrease or reproducible loss of VEP signal for ≥3.5–4 227 

min defined intraoperative deterioration (Table 4). On cross-tabulation with early post-228 

operative outcomes, 5 patients with intraoperative deterioration had postoperative vis-229 

ual worsening, whereas 7 patients without intraoperative deterioration worsened. False 230 

positives were present (n=8), as reflected in Table 4 (TP=5, FP=8, FN=7, TN=92). 231 

From the 2×2 counts (TP = 5, FP = 8, FN = 7, TN = 92), the operating characteristics 232 

were: sensitivity 41.7% (95% CI 19.3–68.0), specificity 92.0% (85.0–95.9), positive 233 

predictive value 38.5% (17.7–64.5), and negative predictive value 92.9% (86.1–96.5) 234 

(Table 4). 235 

 236 

Discussion 237 

Visual preservation remains a critical challenge in cranial and skull base surgery. In 238 

the present cohort, intraoperative VEPs were analyzable in 90.8 % of cases under 239 

standardized TIVA. A sustained amplitude reduction of at least 50 % or reproducible 240 

signal loss over approximately four minutes was associated with early postoperative 241 

visual decline. The diagnostic profile demonstrated high specificity and NPV but mod-242 

est sensitivity and PPV, indicating that while stable VEPs reliably predict visual integ-243 

rity, not every alarm signaled irreversible damage. These findings provide a basis to 244 

discuss feasibility, prognostic value, and practical integration of VEP monitoring in the 245 

context of current literature. 246 

Interpretation of key findings 247 

Our analyzability rate is consistent with previous studies reporting stable intraoperative 248 

VEPs in 80–95 % of procedures when physiological parameters and anesthetic depth 249 

are tightly controlled (Jashek-Ahmed et al., 2021; Kamio et al., 2014; Sasaki et al., 250 

2010). The association between sustained VEP deterioration and early visual decline 251 

supports prior evidence that amplitude loss reflects acute compromise of the anterior 252 

visual pathway (Luo et al., 2015; Soumpasis et al., 2023). In contrast to earlier work 253 

that questioned reproducibility under inhalational anesthesia, our results confirm that 254 

modern LED stimulation combined with TIVA achieves robust cortical responses 255 

(Wiedemayer et al., 2003).  256 
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The observed eight false-positive alarms highlight the known variability of VEPs even 257 

under optimized conditions. Similar findings have been reported in series using com-258 

parable thresholds, where unsustained amplitude loss did not result in visual decline 259 

(Chung et al., 2012; Jashek-Ahmed et al., 2021). Physiological factors such as brief 260 

hypotension, temperature shifts, and surgical traction on the scalp or dura can transi-261 

ently alter waveform morphology (Russ et al., 1987; Zeitlhofer et al., 1990). Continuous 262 

control of these variables therefore remains essential to maintain interpretability. 263 

Anesthetic and physiological determinants 264 

The anesthetic regimen represents a decisive factor for VEP reliability. Volatile agents 265 

suppress cortical potentials and prolong latencies, whereas TIVA with propofol and 266 

remifentanil preserves amplitude stability and reduces intertrial variability (Demirel et 267 

al., 2021; Kim et al., 2025; Ma et al., 2024). This evidence supports the exclusive use 268 

of TIVA in the present series. Maintenance of normothermia and stable blood pressure 269 

further improved reproducibility, in agreement with established electrophysiological 270 

principles (Wiedemayer et al., 2004).  271 

Clinical implications and intraoperative responses 272 

VEP monitoring enables time-critical feedback that can prompt immediate corrective 273 

actions. In our protocol, amplitude deterioration triggered predefined steps including 274 

signal verification, repetition of runs, optimization of blood pressure and anesthetic 275 

depth, gentle irrigation, and temporary cessation of manipulation. Comparable strate-276 

gies are described in the literature and have been linked to recovery of cortical re-277 

sponses and improved postoperative vision (Hardian et al., 2021; Hayashi and Kawa-278 

guchi, 2017; Kamada et al., 2005). The pragmatic ≥ 50 % amplitude criterion remains 279 

the most widely accepted alarm threshold, balancing sensitivity and specificity (Kamio 280 

et al., 2014; Soumpasis et al., 2023).  281 

Integration into muiltimodal monitoring 282 

Recent advances integrate VEPs within multimodal IONM frameworks combining SEP, 283 

MEP, and ERG confirmation to safeguard multiple functional systems. Such ap-284 

proaches enhance intraoperative decision-making and reduce false-positive events 285 

(Choi et al., 2020; Fehlings et al., 2024). The concurrent use of tractography has further 286 

refined risk mapping around the optic radiation, allowing a more targeted surgical strat-287 

egy (Baek, 2023; Winston et al., 2011). These developments support the incorporation 288 

of VEPs as a complementary modality rather than a stand-alone parameter. 289 



  

10 

Methodological strengths and limitations 290 

Strengths of this work include a uniform anesthetic protocol, predefined alarm and re-291 

sponse algorithms, and outcome assessment by ophthalmologic criteria. These fea-292 

tures enhance internal validity and enable comparison with contemporary series. The 293 

limitations, however, must be acknowledged. The single-center retrospective design 294 

restricts generalizability and may introduce selection bias. Ophthalmologic follow-up 295 

was incomplete in a subset, which limits precise sensitivity estimates. Moreover, de-296 

rivability remains reduced in patients with severe preoperative visual loss or in techni-297 

cally adverse situations such as excessive coagulation, cerebrospinal fluid loss, or un-298 

stable hemodynamics (Sasaki et al., 2010; Wiedemayer et al., 2003). The variability of 299 

stimulation and recording parameters across studies continues to impede quantitative 300 

meta-analysis and contributes to divergent accuracy reports (Jashek-Ahmed et al., 301 

2021).  302 

Future perspectives 303 

Future research should focus on prospective multicenter validation with harmonized 304 

stimulation parameters, standardized anesthetic protocols, and ERG-verified stimulus 305 

delivery. Per-eye reporting and uniform postoperative visual assessments will allow 306 

robust comparison of diagnostic metrics. Automated signal analysis and artifact detec-307 

tion algorithms, as proposed in recent concept papers, may further improve intraoper-308 

ative interpretability and shorten reaction times (Soumpasis et al., 2023). Continued 309 

integration of VEPs within multimodal IONM and imaging-guided workflows represents 310 

a promising direction for maximizing surgical safety near the optic pathway. 311 

 312 

Conclusion 313 

Under standardized TIVA and strict physiological control, intraoperative VEP moni-tor-314 

ing is feasible and provides reliable information about optic-pathway function. The 315 

presence of false-positive alarms underscores the necessity of multimodal con-firma-316 

tion and disciplined corrective measures, whereas the high specificity and pre-dictive 317 

value of stable recordings support their use as an early safety signal. Further prospec-318 

tive validation and methodological harmonization are required to establish definitive 319 

thresholds and optimize their role in contemporary neurophysiological monitoring. 320 

 321 



  

11 

Table Legend 322 

Table 1. Distribution of pathologies in the study cohort (N = 120): Overview of 323 

surgical pathologies monitored with intraoperative VEPs. The most frequent lesions 324 

were meningiomas (32.5%), astrocytomas (25.0%), and metastases (15.0%). Aneu-325 

rysmal or arteriovenous malformation–related vascular lesions accounted for 7.5%. 326 

The remaining entities included orbital, pituitary, skull base, and optic nerve–associ-327 

ated tumors. In total, 90.8% of patients yielded analyzable intraoperative data, while 328 

9.2% were excluded due to artifacts or incomplete documentation. 329 

Table 2. Intraoperative VEP signal quality and postoperative visual outcomes: 330 

Categorization of intraoperative signal quality and its association with early postoper-331 

ative vision. Stable VEPs represented 52.5% of the cohort and were generally linked 332 

to unchanged or improved visual outcomes. Significant deterioration (12.5%) corre-333 

lated with postoperative visual decline in one third of cases. Percentages are calcu-334 

lated relative to the total cohort (N = 120). Abbreviation: VEP, visual evoked potential. 335 

Table 3. Intraoperative VEP alterations and corrective interventions: Intraopera-336 

tive subgroups with signal changes and applied corrective measures. VEP deteriora-337 

tion or side differences were most often observed during manipulation near the optic 338 

nerve or chiasm, or during early resection phases involving bipolar coagulation or 339 

CUSA. Interventions included irrigation, hemodynamic optimization, and topical ni-340 

modipine in selected cases, resulting in partial signal recovery in several instances. 341 

Abbreviation: VEP, visual evoked potential. 342 

Table 4. Association between intraoperative VEP changes and postoperative vis-343 

ual outcomes.: Correlation between intraoperative VEP patterns and postoperative 344 

visual status. The presence of intraoperative VEP deterioration predicted early post-345 

operative visual decline with a sensitivity of 41.7%, specificity of 92.0%, positive pre-346 

dictive value (PPV) of 38.5%, and negative predictive value (NPV) of 92.9%. False-347 

positive alarms occurred in eight cases and false negatives in seven. Diagnostic met-348 

rics were computed per patient for cases with analyzable monitoring and available 349 

early ophthalmologic follow-up. Abbreviation: VEP, visual evoked potential. 350 
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