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Abstract

BACKGROUND

Prominent leptomeningeal contrast enhancement (LMCE) in the brain is observed
in some pediatric patients during sedation for imaging. However, based on
clinical history and cerebrospinal fluid analysis, the patients are not acutely ill and
do not exhibit meningeal signs. Our study determined whether sevoflurane
inhalation in pediatric patients led to this pattern of “pseudo” LMCE (pLMCE) on
3 Tesla magnetic resonance imaging (MRI).

AIM
To highlight the significance of pLMCE in pediatric patients undergoing
enhanced brain MRI under sedation to avoid misinterpretation in reports.

METHODS

A retrospective cross-sectional evaluation of pediatric patients between 0-8 years
of age was conducted. The patients underwent enhanced brain MRI under
inhaled sevoflurane. The LMCE grade was determined by two radiologists, and
interobserver variability of the grade was calculated using Cohen’s kappa. The
LMCE grade was correlated with duration of sedation, age and weight using the
Spearman rho rank correlation.

RESULTS

A total of 63 patients were included. Fourteen (22.2%) cases showed mild LMCE,
48 (76.1%) cases showed moderate LMCE, and 1 case (1.6%) showed severe
LMCE. We found substantial agreement between the two radiologists in detection
of pLMCE on post-contrast T1 imaging (kappa value = 0.61; P < 0.001). Additi-
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onally, we found statistically significant inverse and moderate correlations between patient weight
and age. There was no correlation between duration of sedation and pLMCE.

CONCLUSION

pLMCE is relatively common on post-contrast spin echo T1-weighted MRI of pediatric patients
sedated by sevoflurane due to their fragile and immature vasculature. It should not be misinter-
preted for meningeal pathology. Knowing pertinent clinical history of the child is an essential
prerequisite to avoid radiological overcalling and the subsequent burden of additional investig-
ations.

Key Words: Brain; Pediatrics; Gadolinium contrast; Pseudo leptomeningeal enhancement; 3 Tesla magnetic
resonance imaging; Sevoflurane

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Prominent leptomeningeal contrast enhancement (LMCE) in the brain is seen in some pediatric
patients during sedation for imaging, but they do not exhibit meningeal disease. This pattern of pseudo
LMCE is relatively common on post-contrast spin echo-T1-weighted magnetic resonance imaging of
pediatric patients sedated by sevoflurane due to their fragile and immature vasculature. Knowing pertinent
clinical history is an essential prerequisite to avoid radiological overcalling and additional investigations.
Our study determined whether sevoflurane inhalation in pediatric patients led to pseudo LMCE on 3 Tesla
magnetic resonance imaging.

Citation: Hilal K, Khandwala K, Rashid S, Khan F, Anwar SSM. Does sevoflurane sedation in pediatric patients
lead to “pseudo” leptomeningeal enhancement in the brain on 3 Tesla magnetic resonance imaging? World J
Radiol 2023; 15(4): 127-135
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INTRODUCTION

Contrast material for cross-sectional magnetic resonance imaging (MRI) has been used since the mid-
1980s. Since then, leptomeningeal contrast enhancement (LMCE) has been detected in pathological
states such as infection and carcinomatosis. Its detection is crucial for disease management, particularly
in pediatric patients[1]. Because MRI acquisition is a lengthy process, general anesthesia is frequently
required in pediatric patients younger than 8 years of age. Approximately 90% of the pediatric
population requires deep sedation or anesthesia for reducing anxiety and movement[2]. Over 35 years,
scientific societies have proposed guidelines to perform pediatric non-operating room anesthesia to
minimize complications. Subsequently, each center has developed its own protocol[3]. Different
pharmacological agents have specific disadvantages, such as a high failure rate, poor predictability and
prolonged awakening for midazolam[4] and chloral hydrate[5], and respiratory drive depression for
propofol[6].

Sevoflurane is an inhalational anesthetic and has excellent outcomes in success of sedation, safety and
manageability[7]. It has a minimal potential for hepatotoxicity and nephrotoxicity and a comparatively
low risk for cardiac arrhythmias. Its effects on cerebral vasodilation, increased cerebral blood flow and
increased intracranial pressure are less than propofol[8-10]. In our institution we prefer to induce
sedation with sevoflurane due to its rapid induction and rapid recovery. It is primarily administered in
pediatric patients undergoing MRI as an outpatient procedure.

A recent study carried out in 2018 revealed that “pseudo” LMCE (pLMCE) in the brain is frequently
observed on 3 Tesla (3T) post-contrast spin echo (SE) T1-weighted imaging (WI) in younger pediatric
patients anesthetized with propofol and should not be misinterpreted for meningeal pathology[11].
Propofol results in reduction in the tidal volume, a mild decrease in the partial pressure of oxygen in the
blood and a decrease in the fraction of inspired oxygen. These changes may lead to the pathophysiology
of pLMCE secondary to cerebral vasodilation by an increase in the partial pressure of carbon dioxide as
a result of smooth muscle relaxation[12,13]. The suggested mechanism of pLMCE is the retention of
carbon dioxide, a potent vasodilator, resulting in increased vessel visibility, and this effect could be
amplified in young pediatric patients with sensitive leptomeningeal vessels resulting in leakiness.

Based on aforementioned rationale and pathophysiology of propofol, we aimed to determine whether
sevoflurane sedation leads to a similar pattern of pLMCE in the brain on 3T MRI and to determine the
interobserver agreement of detecting pLMCE in patients receiving sevoflurane. We also evaluated the
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degree of pLMCE and determined whether this phenomenon was correlated with sedation duration or
patient age or weight.

MATERIALS AND METHODS

This was a retrospective cross-sectional study conducted in the Radiology Department of a Joint
Commission International-accredited university hospital after ethical review board approval. The
period of data collection was from January 2020 to June 2020.

Imaging technique

All studies were conducted on a single 3T MR unit (Canon Medical Systems Corp., Otawara, Tochigi,
Japan) after administration of intravenous gadolinium. Sedation was performed by a pediatric
anesthetist. The imaging parameters using 32 channel head coil for post-contrast SE TIWI were NAQ =
1, FOV =22 cm % 22 cm, Matrix = 224 x 400, slice thickness 4.5 mm and acquisition time 1 min 30 s. The
imaging parameters for post-contrast coronal fluid attenuated inversion recovery (FLAIR) were NAQ =
1, FOV =22 cm x 22 cm, Matrix = 224 x 320, slice thickness 5 mm and acquisition time 1 min 10 s. Per
our departmental protocol, FLAIR images were acquired in the coronal plane. The time interval
between contrast injection and image acquisition was 10-30 s for post-contrast SE TIWI and 100-120 s for
post-contrast FLAIR sequence. Axial SE T1WI, T2WI, FLAIR, susceptibility weighted imaging and
diffusion weighted imaging were also performed in each patient before contrast administration. A
standard weight based intravenous dose of gadolinium-based contrast was used in all patients [0.1 mL/
kg of body weight of gadobutrol (Gadavist; Bayer HealthCare Pharmaceuticals, Berlin, Germany)][14].

Anesthesia technique

Standard monitoring was used with MRI compatible equipment, and general anesthesia was induced
with sevoflurane 8%. Anesthesia was maintained with sevoflurane at a minimum alveolar concentration
of 2%-3% along with oxygen (40%) and nitrous oxide (60%)[15,16]. This ratio of oxygen and nitrous
oxide was maintained in all cases, while SpO2 was monitored for adequacy throughout the procedure.
There were no complications for any case. Laryngeal masks were used to maintain the airway except for
in a few patients who were already intubated or had indications for a definitive airway[3].

Inclusion criteria

The following inclusion criteria were used: (1) Pediatric patients between the ages of 0-8 years who
underwent brain MRI on a 3T system; (2) Patients who received sevoflurane for sedation purposes
before the procedure; and (3) Patients who had no clinical signs of meningism and/or a negative
cerebrospinal fluid (CSF) analysis report, if performed.

Exclusion criteria

The following exclusion criteria were used: (1) Patients with any known or clinically suspected
meningeal inflammatory or infectious condition; (2) Patients who were undergoing radiation therapy or
chemotherapy; (3) Patients with known central nervous system tumors; and (4) Patients who were
sedated with chloral hydrate, midazolam and propofol.

Data analysis

A total of 130 patients (0-8 years of age) underwent brain 3T MRI with contrast over a period of 6
months at our institution. Out of the 69 pediatric patients sedated by sevoflurane for 3T MRI, 2 cases
were excluded due to the lack of post-contrast imaging. Four cases were excluded due to positive CSF
analysis for meningitis.

Two radiologists (one pediatric radiologist and one neuroradiologist) with more than 5 years of
experience reviewed the scans and independently graded the degree of pLMCE on post-contrast SE
T1WI in comparison to precontrast SE TIWI. The grades were: (1) None: Minimal thin vascular
structures barely visible around the sulci; (2) Mild: Linear enhancement along the depths of the sulci
(Figure 1); (3) Moderate: Smooth and slightly thickened LMCE (Figure 2); and (4) Severe: Almost
nodular, diffusely thickened LMCE (Figure 3). Confirmation of true meningeal enhancement or disease
was also confirmed on precontrast and post-contrast FLAIR images[11,17]. The disagreements were
resolved on a consensus basis.

Statistical analysis

Data entry was performed in Statistical Package for Social Sciences version 20.0 software (IBM Corp.,
Armonk, NY, United States). Demographic data, such as age, were expressed as mean + SD. The effect
of age, weight and sex on LMCE was evaluated. The interobserver variability was calculated using
Cohen’s kappa statistic. The LMCE grade was correlated with the duration of sedation and patient age
and weight using the Spearman rho rank correlation. Correlation coefficients 0.1 < P < 0.3, 0.3 < P < 0.5
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Figure 1 Mild pseudo leptomeningeal contrast enhancement in a 7-mo-old male with infantile spasms (Grade 1). A: Axial spin echo T1-

weighted images; B: Axial post-contrast spin echo T1-weighted images showed pseudo leptomeningeal contrast enhancement as small vascular structures (arrows)
within the depths of the sulci.

DOI: 10.4329/wijr.v15.i4.127 Copyright ©The Author(s) 2023.

Figure 2 Moderate pseudo leptomeningeal contrast enhancement a 7-yr-old female with developmental delays (Grade 2). A: Axial spin echo
T1-weighted imaging; B: Axial post-contrast T1-weighted imaging showed pseudo leptomeningeal contrast enhancement as smooth and slightly thickened
enhancements (arrows) throughout the depths of the sulci.

and > 0.5 were used as indications of weak, moderate and substantial associations, respectively. P
values less than 0.05 were considered statistically significant.

RESULTS

A total of 63 patients were ultimately included for MRI review. All patients underwent post-contrast
imaging by SE TIWL Table 1 lists the mean patient age, weight and sedation duration. CSF studies were
ordered for 7 patients (11.0%) and were negative for meningitis for all. Underlying conditions of the
included patients are shown in Table 2.

The results showed that 14 cases (22.2%) had mild LMCE, 48 cases (76.1%) had moderate LMCE, and
1 case (1.6%) had severe LMCE. There were no cases that were negative for pPLMCE. Overall, there was
concordance with a kappa value of 0.61 (P < 0.001), which indicated substantial agreement between the
two radiologists in detection of pLMCE on post-contrast T1 imaging. On precontrast FLAIR, no sulcul
hyperintensity was noted in any patient. On post-contrast FLAIR, LMCE was absent in 63 (100%) cases,
indicating the absence of true LMCE in all cases.
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Table 1 Means and frequencies of patient age, sex, weight, and sedation duration

Parameter Mean SD Minimum Maximum n %

Age, mo 29.95 2542 1.00 96.00

Sex Male 31 49.2
Female 32 50.8

Weight, kg 12.03 6.25 1.30 26.50

Duration of sedation, min 57.78 24.76 28.00 196.00

SD: Standard deviation.

Table 2 Underlying conditions in the included pediatric patients

Diagnosis n %
Atrial septal defect 1 1.6
Autism 1 1.6
Bilateral congenital cataracts 1 1.6
Cerebral palsy 2 3.1
Congenital deafness 1 1.6
Developmental delay 7 111
Double aortic arch 1 1.6
Headache 1 1.6
Hypoxic ischemic encephalopathy 2 3.1
Hydrocephalus 3 4.7
Hypotonia 1 1.6
Infantile spasms 1 1.6
Metabolic disorder 2 3.1
Metachromatic leukodystrophy 2 3.1
Not available/none 14 7.9
Nystagmus 1 1.6
Retinal detachment/ vitreous hemorrhage 1 1.6
Severe combined immunodeficiency 1 1.6
Seizure disorder 20 317

There were statistically significant, inverse, moderate correlations between patient weight and
pLMCE grade and patient age and pLMCE grade (Table 3). The duration of sedation showed no
significant association with pLMCE grade (P = 0.14).

DISCUSSION

We used 3T MRI in our study because it is universally approved for imaging in pediatric patients[18].

All patients underwent SE labelling sequences, which are routinely recommended for pediatric imaging
due to their quick acquisition time. MRI specifically has advantageous effects in pediatric neuroimaging
due to its use of non-ionizing radiation.

The duration of sedation with sevoflurane did not appear to statistically correlate with the degree of
pLMCE in our study. This is in contrast to previously published studies advocating that propofol
typically results in changes in perfusion and vascular hemodynamics leading to an altered blood brain
barrier and possibly pLMCE[11,13,19]. Propofol has been shown to reduce cerebral blood flow, whereas
sevoflurane has been shown to reduce cerebral blood flow less than propofol. Propofol and sevoflurane
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Table 3 Correlation between patient age, weight and duration of sedation with leptomeningeal contrast enhancement grade

Parameter Spearman’s rank coefficient, P P value
Age -0.41 0.011
Weight -0.42 0.030
Duration of sedation -0.18 0.142

DOI: 10.4329/wjr.v15.i4.127 Copyright ©The Author(s) 2023.

Figure 3 Severe pseudo leptomeningeal contrast enhancement in a 4-mo-old female with metabolic disorder (Grade 3). A: Axial spin echo T1-
weighted imaging; B: Axial post-contrast spin echo T1-weighted imaging demonstrated thicker pseudo leptomeningeal contrast enhancement (arrows), appearing
nearly nodular or parenchymal in some locations.

Jaishideng®

have been shown to reduce the metabolic rate of oxygen to a similar extent[20]. According to our
literature search, no study has assessed the effect of sevoflurane sedation on pLMCE.

We found statistically significant, inverse, moderate correlations between the LMCE grade and
patient age and weight. This indicates that the younger and smaller the child, the more immature the
blood brain barrier, vasculature and dynamic perfusion changes leading to pLMCE[13,19]. We
hypothesize that pPLMCE represents prominent venous vasculature of the subarachnoid space in
younger pediatric patients and is not true meningeal enhancement. Similar results were also obtained
by McKinney et al[11], who also found pLMCE predominantly in SE sequences on 3T MRI using
propofol. This indicates a similar mechanism of action by the two anesthetic agents. Radiologists should
therefore be aware of this phenomenon and consider the patient’s clinical history before labelling
meningeal enhancement. This would ultimately avoid unnecessary investigations such as lumbar
punctures, which are invasive and incur a financial burden on patients, especially in developing
countries.

We evaluated precontrast and post-contrast FLAIR images to exclude true LMCE, which was not
performed in previous studies[11,21]. No LMCE was identified on post-contrast FLAIR sequence in the
63 cases included in our study, indicating the absence of true meningeal disease and indirectly
supporting pLMCE.

Our study has a few limitations of note. First, general limitations of retrospective studies apply to our
study. The major limitation of the study was the use of supplemental oxygen (40%) and nitrous oxide
(60%), which could not be modified due to the retrospective nature of the study. Therefore, the effect of
these agents could not be separated from that of sevoflurane, making them crucial confounding factors.
Sevoflurane as an anesthetic acts by vasodilation and maintains the tissue oxygen concentration in the
brain. However, the tissue may suffer from hypoxia when the patient breaths room oxygen. By giving
oxygen at a low concentration, such as 40%, the oxygen level is optimized and will not cause hyperoxic
injury[22]. Nitrous oxide is also a vasodilator, which further helps in sustaining regional cerebral blood
flow and regional cerebral blood volume when used in conjunction with sevoflurane[20]. We
hypothesize that by keeping the concentrations of oxygen and nitrous oxide constant the effects of
sevoflurane on vasodilation can be assessed.

Since we have included patients below 8 years of age, a control group undergoing MRI examination
without anesthesia was not possible, since sedation cannot be avoided in this age group. We did not
compare the sevoflurane-sedated pediatric patients with other groups of patients who underwent
sedation with intravenous midazolam, chloral hydrate or propofol because of the limited number of
these patients. There may be a difference in pLMCE or the degree of pLMCE between these groups;
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however, this was not the objective of our study. We did not have a cohort of sedated patients that
underwent MRI on a 1.5T MRI machine. Therefore the effect of magnetic strength on pLMCE could not
be assessed. We also did not compare our results with juvenile or adolescent groups of pediatric
patients who generally do not require anesthesia or sedation for their imaging. We could not determine
the correlation of sevoflurane dose with pLMCE due to the retrospective nature of the study. These
objectives can be explored in a future large scale prospective study with different cohorts of these
patients.

CONCLUSION

The phenomenon of pLMCE is relatively common on post-contrast SE T1-weighted sequences of
younger pediatric patients sedated by sevoflurane. However, these imaging results should not be
misinterpreted for meningeal pathology. Our results showed that pLMCE may occur more frequently in
younger and smaller pediatric patients due to their fragile and immature vasculature. However, further
prospective studies are warranted to elucidate the exact relationship and evaluate any effect of magnetic
strength and resolution on this finding.

ARTICLE HIGHLIGHTS

Research background

Prominent leptomeningeal contrast enhancement (LMCE) in the brain is seen in some pediatric patients
during sedation for imaging. However, they are not acutely ill and do not exhibit meningeal signs. Our
study determined whether inhaled sevoflurane anesthesia in pediatric patients led to pseudo LMCE
(pPLMCE) using 3 Tesla (3T) magnetic resonance imaging (MRI).

Research motivation

pLMCE on brain MRI in pediatric patients undergoing sedation with propofol has been studied.
However, pLMCE due to sedation by sevoflurane (inhalation anesthetic) has not been studied so far. We
therefore undertook this study in a small cohort of patients to establish our hypothesis.

Research objectives
The aim of this study was to highlight the significance of pLMCE in pediatric patients undergoing
enhanced brain MRI under sedation to avoid misinterpretation in radiology reports.

Research methods

This was a retrospective cross-sectional study. Data analysis was performed by Statistical Package for
Social Sciences version 20.0 software (IBM Corp.). Demographic data, such as age, were expressed as
mean * SD. The effect of age, weight and sex on LMCE was evaluated. The interobserver variability was
calculated using Cohen’s kappa statistic. The LMCE grade was correlated with the duration of sedation
and patient age and weight using the Spearman rho rank correlation. Correlation coefficients 0.1 < P <
0.3, 0.3 < P <0.5 and > 0.5 were used as indications of weak, moderate and substantial associations,
respectively. P < 0.05 was considered statistically significant.

Research results

There was substantial agreement between the two radiologists in detection of pLMCE on post-contrast
T1 imaging (kappa = 0.61; P < 0.001). Our results show that this pattern may occur in younger and
smaller pediatric patients due to their fragile and immature vasculature. Additionally, we found statist-
ically significant inverse and moderate correlations between patient weight and age with pLMCE grade
but no correlation between pLMCE and duration of sedation.

Research conclusions

Results of our study revealed that this pattern of pLMCE is relatively common on post-contrast spin
echo T1-weighted sequences of younger pediatric patients sedated by sevoflurane, on 3T MRI and
should not be misinterpreted for meningeal pathology.

Research perspectives
Future prospective studies with a larger cohort and controls are warranted to elucidate the exact
relationship and evaluate any effect of magnetic strength and resolution on this finding.
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