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S.1 Clinical Rationale for the development of the NeoNet. 
 
Central nervous system disorders in neonates may present as encephalopathies and are often accompanied by seizures. 
Acute symptomatic seizures in neonates may stem from perinatal hypoxic-ischemic injury, or stroke, but epilepsy in 
neonates can also stem from genetic-metabolic etiologies or brain structural abnormalities. Magnetic Resonance Imag-
ing (MRI) plays a crucial role in diagnosing and understanding the cause of neonatal seizures. However, neonatal MRI 
evaluation assesses only structure, not function [1]. In such circumstances, continuous video EEG provides essential 
information about epileptiform abnormalities and seizures (frequency, distribution, and location), and the overall brain 
function is reflected in the background patterns. The latter evolves with gestational age and has age-specific norms 
describing typical grapho-elements and matural background patterns in awake and sleep states. In critically ill neonates, 
infants, and young children in the ICU, EEG monitoring is the only widely accepted clinical tool that provides a contin-
uous and direct window to brain function [2]. Finally, EEG can also inform clinicians about developmental brain pat-
terns in children with developmental disabilities in early childhood. State-of-the-art EEG or dense array EEG (HD-EEG 
– 64 or more channels) has enabled the realization of EEG’s potential as a neuroimaging tool through source localization 
of normal and pathological brain activity and network dynamics. The quandary is that EEG caps/electrodes must be 
removed before neuroimaging since EEG produces visible and significant artifacts that can compromise the CT and 
MRI quality (Fig. 6, 7 in the main manuscript). However, such electrodes may produce significant image artifacts in 
MRI sequences such as SWI and DWI, which are sensitive to the changes in the magnetic susceptibility between the 
metals used in EEG and surrounding tissue. Radiologists will refuse to perform clinical evaluations of MRI images with 
EEG due to the risk of missing very subtle pathological changes (false negative) or misdiagnosing changes as patholog-
ical (false positive) due to B1 field distortions caused by the EEG leads [3, 4]. Furthermore, EEG leads raise significant 
safety issues with MRI (see Introduction in the main manuscript). Finally, applying, removing, and reapplying EEG 
electrodes causes significant delays in treatment and adds unnecessary clinical costs because (1) correct placement is 
time-consuming, (2) it disrupts the logistics and the workflow, and (3) it produces skin irritation since the skin needs 
preparation before EEG electrode application and once the skin is prepared it becomes sensitized, especially in neonates. 
For that reason, our team has developed a CT, MRI conditional EEG net, the NeoNet, that has enabled pediatric simul-
taneous EEG/MRI recordings. 
EEG is widely used in the NICU and is the gold standard for monitoring/assessing brain function in preterm and term 
neonates. EEG is critical in the diagnosis of seizures, for monitoring the recovery from hypoxic-ischemic events, and in 
the assessment of brain maturity. In all of these situations, high-density EEG (HD-EEG) is preferred as it provides the 
best signal-to-noise ratio (SNR), dynamic range, and sampling rate compared to the older 10-20 EEG. Furthermore, HD-
EEG has enhanced artifact removal and can detect seizures [5] automatically. For example, neonatal EEGs may display 
sharp focal transients or epileptic discharges that appear in only a single electrode (7-9). This transient may be lost if 
smoothed by volume conduction but recovered by spatially filtered (e.g., Laplacian [6-9]) HD-EEG. The advantage of 
HD-EEG is also well-known in source localization [10], which has potential NICU applications in the presurgical eval-
uation of neonatal epilepsies due to cortical malformations [11]. Cortical resection or hemispherectomy can result in the 
cessation or dramatic reduction in the frequency of seizures in infants admitted to the NICU with severe, intractable 
epilepsy [12, 13]. HD-EEG is safe in the NICU, with the application of a proper EEG cap no more stressful to the neonate 
than a routine care procedure [14].  For these reasons, HD-EEG is most likely a desired technology in NICUs world-
wide. HD-EEG also enables new clinical discoveries, such as regional maturational changes in neonatal brain connec-
tivity [15]. In addition, in patients with epilepsy, the combination of advanced neurophysiologic and neuroimaging 
studies has allowed for a better understanding of different pathologies and facilitates treatment. For patients with drug-
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resistant epilepsy, surgery is the only therapeutic option that can control or cure their seizures [16]. EEG-fMRI can help 
identify the seizure origin by performing advanced analysis on well-established biomarkers for epilepsy, such as inter-
ictal spikes [17]. In addition, incorporating EEG and fMRI has been shown to increase the sensitivity of the presurgical 
evaluation process and reveal new regions contributing to the epileptic phenotype of patients with focal epilepsy [18]. 
EEG-fMRI has also been shown to increase the number of surgical candidates, especially those with the challenging to 
localize focal epilepsy, reporting good postsurgical outcomes [19]. As a result, incorporating EEG and fMRI can signif-
icantly benefit patients who seek treatment for drug-resistant epilepsy, having a substantial role in the presurgical eval-
uation of those patients.   
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Figure S1: Geometrical model of the birdcage and thin film used in the Theory. 
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Figure S2: The resistivity according to the FS-MS model for Al thin films. 
 
 
  



 6 of 12 
 

 

 
 

  

 

 
Figure S3: The NeoNet trace SEM images; (Top) Detail of a trace and the pad of a connector; (Bottom) The 
measurement of the traces returned 117µm, which is within the 101.6 µm of the design value. 
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Figure S4: Microscope images of the Five traces loop. (Top) Each electrode is connected to the pad; (bot-
tom) through five long traces connected in series. 
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Figure S5: The Traces of the NeoNet. (A) The detail image of electrodes.  (B) The traces and electrodes layout in the old 
version 1 of the fabrication process. (C) An image of the traces with the electrodes and sponges. 
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Figure S6: The phantom recipe calculated from the dielectric phantom recipe generator [20]. The dielec-
tric properties measurement results of two sample recipes at 128 MHz are displayed in the table. The 
measurement of the saline solution (51.3mM, NaCl 3g/L) was also compared to see the measurement 
accuracy.    
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Figure S7: Phantom construction. A) After 3D printing with FDM (fused deposition molding) process, the polycarbonate phantom 
is white and is slightly porous. B) Two holes were created at the top of the phantom. One is for pouring the agar solution, while 
the other is to allow air to flow, effectively eliminating air pockets in the phantom. C) After 3-4 coats of red rubber spray paint, 
the phantom is ready to be put together. The rubber spray paint seals the phantom from agar solution leaking through the porous 
polycarbonate. The white channel was masked so that the two pieces may fit together seamlessly. D) The two pieces fit seam-
lessly together. E) Screws and wingnuts are attached to the phantom, creating a seal that will hold the two pieces together during 
the phantom fabrication process. F) There is enough space to fit a funnel into the larger hole for pouring. 
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Figure S8: Coupon used for trace width testing. 
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