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ABSTRACT 

BACKGROUND AND PURPOSE: Low-field portable MRI (pMRI) has been shown to be a useful alternative neuroimaging tool in the 
emergency department (ED) and intensive care unit (ICU), potentially addressing challenges associated with the transport of critically 
ill patients. We aimed to evaluate the intermodality reliability between low-field pMRI and conventional neuroimaging (CN) for 
assessment of ventricular size and hydrocephalus. 

MATERIALS AND METHODS: This retrospective study included all patients who underwent point-of-care 64mT pMRI at a single tertiary 
hospital from March 30, 2022 to January 4, 2024, and had a follow-up CN, either CT or MRI, performed within 24 hours of the pMRI 
scan. Two raters independently evaluated pMRI images for presence of hydrocephalus while blinded to CN. Bifrontal diameter, 
maximum skull and Evans index were recorded. Interrater and intermodality agreement between pMRI and CN were evaluated by 
using the intraclass coefficient (ICC) and Cohen’s kappa.  

RESULTS: Fifty-six patients (mean age of 53.5 (± 14.6) years, 61% male) were included in this study. Hydrocephalus was identified 
in 12 (21%) on pMRI and 13 (23%) on CN. Interrater agreement on pMRI was almost perfect for bifrontal diameter (ICC 0.94, 95% CI 
0.89-0.97), Evans index (ICC 0.92, 95%CI 0.86-0.95) and substantial for determination of hydrocephalus (κ = 0.72), all p <0.01. 
Intermodality agreement between pMRI and CN was also near perfect for averaged measurements of bifrontal diameter (ICC 0.94, 
95% CI 0.88-0.97), Evans index (ICC 0.95, 95%CI 0.92-0.97) and determination of hydrocephalus (κ = 0.95), all p<0.01. Using CN as 
reference standard, pMRI had sensitivity and specificity of 92% (95% CI 0.85-0.99) and 100% (95% CI 1.0-1.0), respectively on 
qualitative visual assessment, and 80% (95% CI 0.70-0.90) and 98% (95% CI 0.94-1.0), respectively on quantitative assessment using 
an Evans index cut off of 0.3. 

CONCLUSIONS: Low-field pMRI demonstrated excellent interrater agreement and strong concordance with CN in assessing ventricular 
size, highlighting its potential as an effective point-of-care tool for neuro-critical care applications. 

 

ABBREVIATIONS: pMRI= portable MRI; CN = conventional neuroimaging; ED= emergency department; ICU= intensive care unit; ICC= 
intraclass coefficient; pCT= portable CT; TCS = Transcranial Sonography 
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 SUMMARY SECTION 
PREVIOUS LITERATURE: Low-field portable MRI (pMRI) can detect acute neurological conditions such as ischemic stroke and 
intracranial hemorrhage and offers a safe point-of-care alternative to conventional neuroimaging (CN) in emergency departments 
and intensive care units. One indication for serial imaging is monitoring ventricular size, but studies evaluating the utility of pMRI in 
comparison to CN remain limited.  

KEY FINDINGS: Portable MRI showed almost perfect interrater and intermodality agreement with CN for commonly used 
measurements of ventricular size, such as bifrontal diameter and Evans index. Using CN as reference standard, pMRI also had high 
specificity and sensitivity for determination of hydrocephalus, both qualitatively and when using a quantitative Evans Index cut off 
(0.3). 

KNOWLEDGE ADVANCEMENT: Low-field pMRI is a reliable bedside imaging modality for assessing ventricular size and hydrocephalus, 
with strong intermodality agreement to CN. It advances the potential role of pMRI as an alternative imaging tool to address the 
challenges associated with transporting neurocritical patients.    
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INTRODUCTION 

Hydrocephalus is characterized by an abnormal distension of the ventricular system of the brain, either from abnormal production of 
cerebrospinal fluid (CSF), altered CSF dynamics or obstruction of CSF absorption. Acute hydrocephalus may result as a complication of 
subarachnoid hemorrhage, intraparenchymal hemorrhage (with or without intraventricular extension), infection, tumors or shunt failure1,2. 
This requires prompt and accurate diagnosis, most commonly with the use of imaging, to guide timely medical or surgical intervention. 
Conventional imaging pathways entail transport of patients to dedicated imaging suites in the radiology department, which is often time 
consuming and comes with increased risks of adverse events. The reported rates of adverse events during intrahospital transportation of 
critically ill patients range from 26% to 79%3–5. These include potential hemodynamic instability, dislodgement of life-support equipment, 
venous access limitations, compromise of monitoring equipment and increased susceptibility to infections6–8. Furthermore, patient 
transport requires coordination of specialized personnel and resources, such as nursing staff, respiratory therapists, and portable monitors, 
to maintain patient stability during transfer, all of which come with significant financial cost 6,7.  

 
Low-field portable MRI (pMRI) has emerged as an alternative neuroimaging tool to address these logistical and clinical challenges9. 

Studies have shown the capability of pMRI to detect ischemic stroke, intracranial hemorrhage, midline shift, and hypoxic ischemic injury, 
making it a valuable tool in the emergency department (ED) and intensive care unit (ICU) settings9–15. Although it suffers from a lower 
SNR and resolution compared to conventional fixed high field MRI (1.5T or 3T), pMRI offers the advantage of point-of-care imaging, 
eliminating the need for patient transport. Furthermore, it requires less stringent environmental controls such as shielding and ferromagnetic 
restrictions typically associated with conventional MRI. pMRI exams have been safely conducted in environments that contain 
ferromagnetic material, including ventilators, monitoring devices, and infusion pumps16.  

  
In this study, we aimed to evaluate the concordance between low-field pMRI and conventional neuroimaging (CN) such as fixed CT 

scan and high-field strength MRI in the assessment of ventricular size and determination of hydrocephalus. 

MATERIALS AND METHODS 

This study was done as part of a quality improvement initiative at a single tertiary hospital assessing the utilization of 64mT pMRI system 
(Swoop, Hyperfine) compared with conventional CT and MRI. This initiative was formally reviewed and approved by institutional 
authorities and deemed to neither require formal research ethics board approval nor written informed consent from participants. This 
retrospective analysis included all patients who underwent point-of-care 64mT pMRI and had a follow-up CN (either CT or MRI) within 
24 hours of the pMRI scan at the same institute from March 30, 2022, to January 4, 2024. A 24-hour interval was chosen to ensure minimal 
change in the clinical status of the patient between the pMRI and CN scans. Follow-up CN was performed at the discretion of the referring 
team based on their clinical judgement, as well as to confirm or further characterize findings seen on pMRI where necessary. Exclusion 
criteria include significant artifacts on the pMRI images, interval surgery, and patients with significant change in the clinical status between 
the scans. Four patients were excluded based on these criteria. This study adhered to the methodology proposed by the Standards for 
Reporting Diagnostic Accuracy (STARD) guidelines, with the relevant completed STARD checklist provided as supplementary material. 
 

Imaging Acquisition and Evaluation 

The pMRI examinations were performed using an 8-channel head coil and using the manufacturer’s standard parameters. The studies 
included at least an axial T2 and axial FLAIR sequence with variable addition of axial T1, axial DWI/ADC, as well as coronal and/or 
sagittal T2 or FLAIR sequence, depending on the clinical indication with sequence parameters for pMRI added to supplementary material.  

 
Two subspecialty-trained radiologists (one each from neuroradiology and emergency radiology), independently measured maximum 

bifrontal diameter and skull diameter, defined as the maximal internal diameter of the skull at the same level where the bifrontal diameter 
was obtained (Figure 1). Axial T2 images were preferred for the measurements and axial FLAIR images were used when axial T2 images 
were not available. Presence and absence of hydrocephalus was determined qualitatively through visual inspection and quantitatively using 
an Evans index cut off of 0.317. pMRI and CN were evaluated separately. Qualitative visual assessment for hydrocephalus was based on 
the presence of ballooning of the frontal horns out of proportion to cortical sulcal size, rounding of the temporal horns, and evidence of 
transependymal edema. No adverse events during the performance of pMRI and CN were recorded. 
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FIG 1. Representative measurements of bifrontal diameter (dotted line) and maximum internal skull diameter (continuous line) 
on axial T2-weighted pMRI (A) and conventional MRI (B) images. 

 

Statistical Analysis 

Test characteristics were computed by using the CN performed soonest after the pMRI as the reference standard. Interrater reliability on 
pMRI and CN as well as intermodality agreement between the averaged measurements on pMRI and CN were evaluated using Cohen’s 
kappa and Intraclass Correlation Coefficient (ICC). Kappa and ICC values interpreted as follows: <0.20 indicates slight agreement, 0.21–
0.40 fair agreement, 0.41–0.60 moderate agreement, 0.61–0.80 substantial agreement, and >0.80 almost perfect agreement18. Bland-
Altman plots were also generated to visualize the agreement between the raters and between pMRI and CN with calculation of bias and 
limits of agreement. A significance level of 0.05 was used for all analyses. All statistical analyses were conducted using R studios (version 
4.4.2, R Foundation for Statistical Computing, Vienna, Austria).   

  

RESULTS 

A total of 56 patients were included in the study (figure 2) of which 34 (60.7%) were male and 22 (39.3%) were female, with mean (± SD) 
age of 53.5 (± 14.6) years, range 20-78 years. Most of the patients (n=49, 87.5%) were admitted to the ICU, while 4 (7.1%) were ward 
patients, and 3 (5.4%) were from the ED (Table 1). On qualitative visual analysis, 12 (21.4%) had hydrocephalus on pMRI and 13 (23.2%) 
on CN. The primary causes of hydrocephalus were intracranial hemorrhage from trauma or aneurysm rupture (n=10) and obstructive 
hydrocephalus due to posterior fossa masses (n=3). CN was CT in 44 (78.6%) and MRI in 12 (21.4%) patients.  

 

Table 1: Patient Demographics  

Demographics Number 

Total patients 56 

Mean age 53.5 (±14.6) 

Male 34 (60.7%) 

Female 22 (39.3%) 

ICU patients 49 ( 87.5%) 

Ward Patients 4 (7.1%) 

ED patients 3 (5.4%) 
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FIG 2. Inclusion-exclusion flow chart. 

 
Interrater Agreement for Measurements of Ventricular Size 

The raters had almost perfect agreement for measurement of bifrontal diameter (ICC, 95%CI = 0.94, 0.89-0.97, p<0.01) and Evans index 
(ICC, 95%CI = 0.92, 0.86-0.95, p<0.01) and substantial agreement for skull diameter (ICC, 95%CI = 0.78, 0.63-0.87, p<0.01) on pMRI. 
For assessment of presence or absence of hydrocephalus, there was substantial interrater agreement on both qualitative visual evaluation 
(κ = 0.72) and using a dichotomous Evans index cut-off of 0.3 (κ = 0.71) (Figure 3).  

 
On CN, interrater agreement was also near perfect for bifrontal diameter (ICC, 95%CI = 0.98, 0.96-0.99), skull diameter (ICC, 95%CI 

= 0.83, 0.72-0.90), and Evans index (ICC, 95%CI = 0.96, 0.94-0.98), all with p-values of <0.01. For determination of hydrocephalus, 
interrater agreement was almost perfect on both qualitative evaluation (κ = 0.90) and using Evans index (κ = 0.94) (Table 2). 

 

FIG 3. Examples of concordant pMRI and CN findings in patients without and with hydrocephalus. A-C. Axial T1- (A), axial T2-
weighted (B) pMRI images and axial CT (C) showing a left thalamocapsular hematoma (arrows) with intraventricular extension 
(asterisks), but no gross ventricular dilatation. D-F. Ventricular dilatation (arrows) is seen on axial FLAIR (D), axial T2-weighted 
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(E) and axial CT (F) images in a patient with intraventricular hemorrhage (asterisks). Air within the right frontal convexity and 
right frontal horn is from extraventricular drain insertion. 

Table 2: Interrater and Intermodality Agreement for Bifrontal Diameter, Skull Diameter and Evans Index Measurements and 
Hydrocephalus. 

Parameter pMRI Interrater Agreement  CN Interrater Agreement Intermodality Agreement 
between pMRI and CN 

Bifrontal Diameter, ICC (95% 
CI), p-value 

0.94 (0.89-0.97), p<0.01 0.98 (0.96-0.99), p<0.01 0.94 (0.88-0.97), p<0.01 

Skull Diameter, ICC (95% CI), 
p-value 

0.78 (0.63-0.87), p<0.01 0.83 (0.72-0.90), p<0.01 0.83 (0.37-0.93), p<0.01 

Evans Index, ICC (95% CI), p-
value 

0.92 (0.86-0.95), p<0.01 0.96 (0.94-0.98), p<0.01 0.95 (0.92-0.97), p<0.01 

Hydrocephalus (Qualitative 
Evaluation), % Agreement, κ 

89%, κ=0.72 96%, κ=0.90 98%, κ=0.95 

Hydrocephalus (Evans Index > 
0.3), % Agreement, κ 

91%, κ=0.71 98%, κ=0.94 95%, κ=0.81 

pMRI, portable MRI; CN, conventional neuroimaging; ICC, Intraclass correlation coefficient; CI, confidence interval 

 

 

Intermodality Agreement for Measurements of Ventricular Size 

Intermodality agreement was near perfect for the averaged measurements of bifrontal diameter (ICC, 95%CI = 0.94, 0.88-0.97), skull 
diameter (ICC, 95%CI = 0.83, 0.37-0.93) and Evans index (ICC, 95%CI = 0.95, 0.91-0.97) on pMRI and CN, all with p-values < 0.01 
(Table 2). There was also near perfect intermodality agreement for determination of hydrocephalus on both qualitative evaluation (κ = 
0.95) and when using an Evans index cut of 0.3 (κ = 0.81) (Table 2). Subgroup analyses were done for patients with and without 
hydrocephalus, which did not affect the results. For the subgroup without hydrocephalus, intermodality agreement was near perfect for 
bifrontal diameter (ICC, 95%CI = 0.85, 0.62-0.93), skull diameter (ICC, 95%CI = 0.87, 0.41-0.95) and Evans index (ICC, 95%CI = 0.88, 
0.78-0.94) on pMRI and CN, all with p-values < 0.01. For the subgroup with hydrocephalus, intermodality agreement was also near perfect 
for bifrontal diameter (ICC, 95%CI = 0.95, 0.85-0.99), and Evans index (ICC, 95%CI = 0.95, 0.84-0.98) on pMRI and CN, all with p-
values < 0.01; however, there was poor intermodality agreement for skull diameter (ICC, 95%CI = 0.33 (-0.48-0.75), p=0.18.  

 
On Bland-Altman plot analysis (Figure 4), the mean differences for bifrontal diameter measurements on CN and pMRI was -0.136 mm 

(limit of agreement [LOA]: -0.79 mm to 0.52 mm). For skull diameter, mean difference was -0.316 mm (LOA: -1.2 mm to 0.57 mm). For 
Evans index, mean difference was minimal at 0.004 mm (LOA: -0.05 mm to 0.05 mm). These results indicate strong intermodality 
agreement, with pMRI closely aligning with CN across all parameters and observers. 

 
Considering CN as reference standard, pMRI had high sensitivity and specificity for determining presence of hydrocephalus on 

qualitative visual assessment (92% [95% CI: 0.85-0.99] and (100% [95% CI:1.0-1.0], respectively) and using the set Evans index threshold 
(80% [95% CI: 0.70-0.90] and 98% [95%CI: 0.94-1.0], respectively) (Table 3).  
 

Table 3: Test Characteristics of pMRI for Hydrocephalus using Conventional Neuroimaging as reference 
Parameter Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) 

Hydrocephalus 
(Qualitative Evaluation) 

92% (0.85-0.99) 100% (1.0-1.0) 100% (1.0-1.0) 98% (0.94-1.0) 

Hydrocephalus  
(Evans Index > 0.3) 

80% (0.70-0.90) 98% (0.94-1.0) 89% (0.81-0.97) 96% (0.90-1.0) 

CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value 
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FIG 4. Bland-Altman Plots of portable MRI and conventional neuroimaging measurements. 

DISCUSSION 

The potential applications of pMRI continue to expand, providing the advantage of bedside imaging that eliminates the need for patient 
transport—a challenging and potentially risky process for critically ill patients. In this study, we demonstrated significant interrater 
agreement for pMRI and substantial intermodality agreement between pMRI and CN in evaluating ventriculomegaly and commonly used 
ventricular size metrics, such as bifrontal diameter and Evans index. Bland-Altman analysis shows no significant bias. 

 
Neuroimaging is vital in neurocritical care. Non-contrast CT remains the preferred imaging modality for acute neurological conditions 

due to its speed, accessibility, and minimal screening requirements19. Frequent imaging helps monitor neurologic deterioration, assess 
progression of mass effect, manage hydrocephalus and ventricular drains, and screen for clinically occult hydrocephalus which may be 
difficult in unconscious or sedated ICU patients20,21. However, transporting unstable patients for CN pose significant risks3. 

 
Low-field pMRI has emerged as a safe and feasible neuroimaging alternative when transporting patients for diagnostic imaging is 

contraindicated9,16. Although small lesions may not be detected due to technical limitations, pMRI has been proven effective for bedside 
evaluation of intracranial hemorrhages12,13, ischemic infarcts11,22, hypoxic-ischemic injury following cardiac arrest15, leukoaraiosis23, and 
even demyelinating lesions24,25. Studies have also reported significant intermodality concordance between pMRI and CN for assessing 
midline shifts14, hematoma volumes12 and optic chiasm decompression after transsphenoidal resection of sellar-suprasellar mass lesions26. 
Recently, Velagapudi et al. demonstrated excellent agreement between pMRI and conventional MRI for estimating ventricular volumes in 
pediatric patients, with a minor mean increase of 2% observed on pMRI27. Similarly, our study showed strong agreement between pMRI 
and CN in assessing ventricular size in adult patients. We evaluated bifrontal diameter and Evans index rather than using segmentation 
methods, measurements commonly applied and directly translatable to clinical practice. While our study population included a relatively 
small proportion of patients with hydrocephalus, our primary objective was to assess the reliability and concordance of pMRI in measuring 
ventricular size. Despite the sample size limitation, intermodality agreement remained high, and pMRI correctly identified all but one case 
of hydrocephalus diagnosed on CN. These findings suggest that pMRI is a reliable tool for evaluating ventricular size, even in patients 
with varying degrees of ventricular enlargement. 

 
Other bedside tools such as portable CT (pCT) scanners and transcranial sonography (TCS), are available but have inherent limitations. 

pCT produces images with lower spatial resolution and signal-to-noise ratio than fixed CT, while exposing patients to radiation and 
requiring specialized personnel and lead shielding28–31. TCS, provides limited visualization of intracranial structures, restricted to 
evaluating the third ventricle and perimesencephalic region32,33. In contrast, low-field pMRI involves no ionizing radiation, does not require 
specialized radiation technologists, supports multiple imaging sequences (including diffusion-weighted imaging), and allows unrestricted 
access to the clinical environment during acquisition. The device’s low magnetic field strength ensures safe entry of hospital staff and 
patients, without requiring the removal of ferromagnetic objects essential for clinical care16. Furthermore, a retrospective semiquantitative 
descriptive analysis also showed that using pMRI for select indications in the ICU, including hydrocephalus and ventricular drain 
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placements, could potentially allow additional patients to undergo fixed CN34. 
 
The primary limitation of this study is its single-center, retrospective design and relatively small patient cohort, which may introduce 

selection and recall biases. Additionally, pMRI and CN were not conducted simultaneously. Given that ventricular size can fluctuate over 
a short span of time, this timing discrepancy could potentially affect the concordance between pMRI and conventional measurements. 
However, we minimized this issue by ensuring a maximum interval of 24 hours between scans and confirming that patients experienced 
no significant clinical changes during this period. We did not perform a separate analysis comparing pMRI performance in acute 
uncompensated hydrocephalus (with periventricular edema) versus compensated hydrocephalus due to limited sample size and 
retrospective data. While our results demonstrate excellent reliability and concordance, we acknowledge inherent limitations of low-field 
MRI, including reduced spatial resolution and lower signal-to-noise ratio compared to conventional imaging. These limitations are 
consistent with findings reported in a recent systematic review evaluating the diagnostic performance of low-field MRI across clinical 
applications35. 
 

CONCLUSIONS 

Low-field pMRI had excellent interrater agreement and high concordance with CN for assessment of ventricular size, making it a useful 
point-of-care tool for this indication in neuro-critical care. 
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SUPPLEMENTAL FILES 

Supplemental Table 1: STARD Checklist Portable MRI vs. Conventional Neuroimaging for Ventricular Size Assessment 

Section & Topic No Item Completed      

TITLE OR ABSTRACT 
   

 
1 Identification as a study of diagnostic accuracy using at least one measure of 

accuracy 

(such as sensitivity, specificity, predictive values, or AUC) 

Yes 

ABSTRACT 
   

 
2 Structured summary of study design, methods, results, and conclusions  

(for specific guidance, see STARD for Abstracts) 
Yes 

INTRODUCTION 
   

 
3 Scientific and clinical background, including the intended use and clinical role of 

the index test 
Yes 

 
4 Study objectives and hypotheses Yes 

METHODS 
   

Study design 5 Whether data collection was planned before the index test and reference standard  
were performed (prospective study) or after (retrospective study) 

Yes 

Participants 6 Eligibility criteria  Yes  
7 On what basis potentially eligible participants were identified  

(such as symptoms, results from previous tests, inclusion in registry) 
Yes 

 
8 Where and when potentially eligible participants were identified (setting, location 

and dates) 
Yes 

 
9 Whether participants formed a consecutive, random or convenience series Yes 

Test methods 10a Index test, in sufficient detail to allow replication Yes  
10b Reference standard, in sufficient detail to allow replication Yes  
11 Rationale for choosing the reference standard (if alternatives exist) Yes  
12a Definition of and rationale for test positivity cut-offs or result categories  

of the index test, distinguishing pre-specified from exploratory 
Yes 

 
12b Definition of and rationale for test positivity cut-offs or result categories  

of the reference standard, distinguishing pre-specified from exploratory 
Yes 

 
13a Whether clinical information and reference standard results were available  

to the performers/readers of the index test 
Yes 

 
13b Whether clinical information and index test results were available  

to the assessors of the reference standard 
Yes 

Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy Yes  
15 How indeterminate index test or reference standard results were handled Yes  
16 How missing data on the index test and reference standard were handled N/A  
17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified 

from exploratory 
N/A 
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18 Intended sample size and how it was determined N/A  

RESULTS 
   

Participants 19 Flow of participants, using a diagram Yes  
20 Baseline demographic and clinical characteristics of participants Yes  
21a Distribution of severity of disease in those with the target condition Yes  
21b Distribution of alternative diagnoses in those without the target condition Yes  
22 Time interval and any clinical interventions between index test and reference 

standard 
Yes 

Test results 23 Cross tabulation of the index test results (or their distribution)  
by the results of the reference standard 

Yes 
 

24 Estimates of diagnostic accuracy and their precision (such as 95% confidence 
intervals) 

Yes 
 

25 Any adverse events from performing the index test or the reference standard Yes 

DISCUSSION 
   

 
26 Study limitations, including sources of potential bias, statistical uncertainty, and 

generalisability 
Yes 

 
27 Implications for practice, including the intended use and clinical role of the index 

test 
Yes 

OTHER 
INFORMATION 

   

 
28 Registration number and name of registry N/A  
29 Where the full study protocol can be accessed N/A  
30 Sources of funding and other support; role of funders Yes     

 

Table 2: Sequence Parameters for Hyperfine Portable MRI 
Sequence T2 FLAIR T1 DWI (b-value= 900s/mm2) 

TE/TR (ms) 161/1600 170/3000 5.4/880 62/850 

TI (ms) - 1290 322 - 

Receiver bandwidth (kHz) 64 64 64 52 
Echo train length 64 68 32 44 

Navigator 1 1 1 4 

FA (excitation/refocusing)  90/180 90/180 90/180 90/180 

FA (inversion)  - 180 - - 
Resolution (mm) 1.5 × 1.5 × 5  1.7 × 1.7 × 5 1.6 × 1.6 × 5  2.4 × 2.4 × 6  
Scan Time (min:sec) 5:20 7:50 4:00 8:40  

TE = echo time; TR = repetition time; TI = inversion time; DWI = diffusion-weighted imaging; FA = flip angle; FLAIR = fluid-attenuated 
inversion recovery. 

 


