
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


 

수의학 석사 학위논문 

 

 

Determination of                   

Proper FiO2 for Reduction of      

Oxygen-induced Artifact on        

Canine Brain FLAIR MR Imaging 

 

 개의 뇌 FLAIR 자기공명영상에서 산소로 인한 고신호 허상 

감소를 위한 적정 흡입산소농도의 결정 

 
 

 

2019 년 2 월 

 

서울대학교 대학원 

수의학과 임상수의학 (수의영상의학) 전공 

장 문 정 



 

수의학 석사 학위논문 

 

Determination of                   

Proper FiO2 for Reduction of      

Oxygen-induced Artifact on        

Canine Brain FLAIR MR Imaging 

 

 개의 뇌 FLAIR 자기공명영상에서 산소로 

인한 고신호 허상 감소를 위한 적정 

흡입산소농도의 결정 

 

2019 년 2 월 

 

서울대학교 대학원 

수의학과 임상수의학 (수의영상의학) 전공 

장 문 정 



 

Determination of           

Proper FiO2 for Reduction of 

Oxygen-induced Artifact on 

Canine Brain FLAIR MR Imaging 

 

지도교수  윤 정 희 

 

이 논문을 수의학석사학위논문으로 제출함 
2018 년 10 월 

 

서울대학교 대학원 
수의학과 임상수의학 (수의영상진단의학) 전공 

장 문 정 
 

장문정의 석사 학위논문을 인준함 
2018 년 12 월 

 

위 원 장        최  민  철        (인) 

부위원장        윤  정  희        (인) 

위    원        이  인  형        (인)  



I 

 

Abstract 

 

Determination of          

Proper FiO2 for Reduction of 

Oxygen-induced Artifact on 

Canine Brain FLAIR MR Imaging 

 

 

Moonjung Jang 

Veterinary Clinical Sciences (Diagnostic Imaging) 

Department of Veterinary Medicine 

The Graduate School 

Seoul National University 

 

Oxygen-induced cerebrospinal fluid (CSF) hyperintensity 

artifact is inevitable condition for anesthetized animals for MRI. 

The aim of this study is to experimentally confirm the occurrence 

of this artifact on low field (LF) MR, and determine the proper 

fraction of inspired oxygen (FiO2) which is safe and does not 
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induce the artifact in canine brain FLAIR MRI. 

Six healthy dogs underwent the FLAIR sequence MR scans 

under general anesthesia with inhalation of FiO2 of 21%, 30%, 

50%, 70%, and 100%. Signal intensity (SI) ratio was calculated 

as SI value of CSF spaces divided by SI value of normalizing 

regions. SI ratios of 21% FiO2 images were significantly different 

from those of 100% FiO2, which means that the artifact occurred 

in the images of 100% FiO2. SI ratios of 30% FiO2 were not 

significantly different from those of 21% FiO2 in all CSF spaces, 

and were significantly different from those of 100% FiO2 in 

cerebral sulci, 3rd ventricle, interpeduncular cistern, 

mesencephalic aqueduct, and subarachnoid space in the 1st 

cervical vertebra (P < 0.05). All dogs had normal partial pressure 

of oxygen in arterial blood (PaO2) during inhalation of FiO2 30%, 

while two dogs had low PaO2 during inhalation of 21% FiO2.  

In conclusion, these findings are consistent with the hypothesis 

that high FiO2 induces CSF hyperintensity artifact on FLAIR 

images of LF MR. Proper FiO2 for obtaining images with less 

artifact is considered 30% FiO2 in brain FLAIR MRI in dogs with 

normal respiratory function. 

 

Keywords: MRI, FLAIR, FiO2, cerebrospinal fluid, hyperintensity 

artifact 

Student Number: 2017-26037  
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Abbreviations 

 

C1 the first cervical vertebra 

CSF cerebrospinal fluid 

FLAIR fluid attenuated inversion recovery 

FiO2 fraction of inspired oxygen 

HF MR high field magnetic resonance scanner 

LF MR low field magnetic resonance scanner 

MR magnetic resonance 

MRI magnetic resonance imaging 

PaO2 partial pressure of oxygen in arterial blood 

PCSFO2 partial pressure of oxygen in cerebrospinal fluid 

SI signal intensity 

SNR signal to noise ratio 
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Introduction 

 

Brain MRI is a helpful diagnostic tool for various intracranial 

diseases.1-3 T2-weighted fluid attenuation inversion recovery 

(FLAIR) sequence is one of the essential sequences in human 

and veterinary brain MRI protocols.4,5 The FLAIR sequence uses 

an inversion time to null the signal of fluid. It is utilized to 

distinguish the lesions that are located adjacent to the CSF 

spaces such as ventricles.1,5 Hyperintensity of CSF spaces in 

FLAIR sequence can be found in pathologic conditions such as 

increased protein content or cellularity, hemorrhage, infection, 

and leptomeningeal seeding metastasis, and also can occur by 

some artifacts like CSF pulsation, magnetic susceptibility artifact, 

truncation, and motion artifact.1,5-7 

Unexpected CSF hyperintensity on FLAIR images had been 

found in anesthetized human patients, and many studies revealed 

that supplemental oxygen was the cause of the artifact. Increased 

PCSFO2 decreases the T1 relaxation time owing to its 

paramagnetic property, and incomplete signal suppression 

occurs in the CSF spaces. There are various subjects related to 

this phenomenon, such as difference in degree of artifact 

depending on the method of oxygen supply or the concentration 

of supplied oxygen, the time at which the hyperintensity begins 

to occur after starting oxygen supply, and experiments of healthy 

volunteers.5,8-11  

A recent prospective study identified the oxygen-induced 

hyperintensity artifact in CSF of dogs and cats by using 1.0 T 
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MR scanner.12 General anesthesia by respiratory anesthetic 

agents and oxygen gas is inevitable in brain MRI in dogs and cats. 

Therefore, understanding of this artifact is important in 

veterinary medicine. However, only one study has been reported 

about this artifact and further studies are not yet conducted. Also 

all of the studies about this artifact has been performed with high 

field MR scanner (HF MR), and there is no study with low field 

MR scanner (LF MR) which is widely being used in veterinary 

practice.8-13 It was hypothesized that the oxygen-induced 

artifact would occur in the FLAIR images of LF MR, and that 

there would be a threshold FiO2 level which causes the 

recognizable artifact. The aim of this study is to confirm the 

occurrence of the oxygen-induced CSF hyperintensity artifact 

in the FLAIR MR images produced by LF MR, and to suggest the 

proper fraction of inspired oxygen (FiO2) which does not induce 

the artifact and maintains safe partial pressure of arterial oxygen 

(PaO2).  
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Materials and Methods 

 

1. Animals  

Six healthy adult beagle dogs including two females and four 

males were studied. Age ranged from 19 months to 60 months 

(mean, 41.17; SD, ±20.71), body weight ranged 9.6 to 14.9 kg 

(mean, 12.47 kg; SD, ±2.26), and physical examination, 

complete blood count, and serum chemistry of all dogs did not 

find any abnormal signs. The experiments employed in this study 

were performed based on guidelines of the Institutional Animal 

Care and Use Committee in Seoul National University (SNU-

180626-3). 

 

2. MR scanning 

All dogs were fasted for 12 hours before general anesthesia 

for MR scans. The dogs were sedated with acepromazinea (0.01 

mg/kg, IV), and general anesthesia was induced by alfaxaloneb 

(2 mg/kg, IV), and maintained by isofluranec in 21% FiO2. FiO2 

regulation was done manually with two flowmeters, each 

providing room air and 100% oxygen. MR scans were performed 

using a 0.3 T permanent MR scannerd. 

During MRI scan, the patients were ventilated with mechanical 

ventilatore and the heart rate, respiratory rate, blood pressure, 

FiO2, end tidal carbon dioxide concentration (ETCO2), blood 
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peripheral capillary oxygen saturation (SPO2), and minimum 

alveolar concentration (MAC) were continuously monitored and 

recorded every 5 to 15 minutes. A 24 G intravascular catheterf 

was installed at dorsal pedal artery for invasive blood pressure 

monitoring and arterial blood sampling for blood gas analysis. 

Two of six dogs showed low blood pressure at the beginning of 

inhalation anesthesia, and the glycopyrrolateg (5 μg /kg, IV) was 

administered to regain normal heart rate and blood pressure. 

The first scan of the transverse and sagittal FLAIR sequence 

images were performed with 21% FiO2. The FiO2 was adjusted 

into 30% after the first scan, and the adjusted gas were supplied 

for at least 10 minutes for equilibration. Body temperature 

measurement and arterial blood sampling were underwent after 

10 minutes, and the next scan was started. Arterial blood 

analysis was performed by blood gas analyzerh right after the 

sampling with arterial blood collection syringei. With all next FiO2 

level; 50%, 75%, 100%, same procedures were performed before 

each scan. CSF centesis was performed in cerebellomedullary 

cistern after all of the scans were done in each dog. CSF analysis 

was done within 1 hour after sampling. The scan parameters 

were as follows: repetition time (TR) = 11635 ms, echo time 

(TE) = 120 ms, flip angle = 90, number of acquisition (NEX) = 

2, slice thickness = 3.00 mm, slice interval = 3.30 mm, field of 

view (FOV) = 190 × 190 mm, matrix = 256 × 212, scan 

duration = 8 minutes and 9 seconds for transverse plane, and TR 

= 11420 ms, TE = 104 ms, flip angle = 90, NEX = 2, slice 

thickness = 3.00 mm, slice interval = 3.30 mm, FOV = 190 × 
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190 mm, matrix = 256 × 212, scan duration = 10 minutes and 6 

seconds for sagittal plane. 

 

3. Image analysis 

The acquired MR images were stored as JPEG format files and 

then transmitted on a computer for analysis with NIH image 

software (imageJj) for measuring signal intensity (SI) of the CSF 

spaces, and the region for normalizing; adjacent white matter 

(WM), thalamus, pons, cerebral peduncle and spinal cord at the 

1st cervical vertebrae (C1) level. Assessed CSF spaces are 3 

cerebral sulci in transverse images, 3rd ventricle, 4th ventricle, 

interpeduncular cistern, mesencephalic aqueduct, subarachnoid 

space at the level of C1 vertebra in one transverse image for 

each level and 4th ventricle in midline sagittal images.  

Cerebral sulci SI values were acquired with the plot profiles 

and CSF spaces and normalizing region SI values were acquired 

with the histogram. Three cerebral sulci were selected in the 

transverse images of each dog and mean value of three SI ratio 

was used for statistical assessment. The region for normalizing 

was selected as the WM, thalamus, midbrain or spinal cord 

parenchyma in the same image of the corresponding CSF spaces. 

Region of interest (ROI) were set to be same in each 

measurement and was located in the same area (Figure 1). This 

measuring procedure was performed twice by two observers 

each to obtain four data sets, without knowing the other’s 

measurement. 
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Before calculating the SI ratio of CSF spaces, the SI value of 

WM, thalamus, pons, cerebral peduncle, and spinal cord was 

divided by WM SI value which is not affected by oxygen, 8 to 

assess if the values are suitable for normalizing. The cerebral 

sulcus to white matter, 3rd ventricle to thalamus, 4th ventricle 

(both transverse and sagittal plane) to pons, interpeduncular 

cistern to cerebral peduncle, mesenteric aqueduct to cerebral 

peduncle, and C1 subarachnoid space to spinal cord SI ratios 

were calculated based on the SI values assessed by the program.  

Subjective evaluation of the artifact grade in general CSF 

spaces was performed by an experienced radiologist using 

DICOM workstation.k FLAIR image series (transverse and 

sagittal planes) of 21% FiO2, which was not affected by 

excessive oxygen, was given for comparison and the other series 

of each dog were presented without the information of 

corresponding FiO2. The assessment was conducted individually 

in six dogs. Degree of CSF SI increase of each image series was 

rated using a 4-point scale; none (0), mild (1), moderate (2), 

and severe (3) compared to the CSF SI of 21% FiO2. 

4. Statistics 

Statistical analysis was conducted by using the SPSS 25 

statistical package.l Spearman’s rank correlation analysis was 

used to demonstrate the correlation between FiO2, PaO2 and SI 

ratio of the seven CSF spaces and normalizing region. 

Friedman’s test with Bonferroni’s correction was used for 

assessing the signal intensity ratios. P-value of < 0.05 was 

considered as statistically significant. Intraobserver and 
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interobserver reproducibility was assessed by using the 

intraclass correlation coefficient (ICC) and the value close to 1 

indicates excellent agreement.  
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Figure 1. Range of interest (ROI) shapes for signal intensity 

(SI) value measurement. Linear ROI for plot profile is arranged 

in the Lt. coronal groove which has clear margin in the 21% FiO2 

image (A). Circular ROI of white matter (B) for histogram 

analysis is placed in the adjacent white matter. Freehand ROI is 

drawn along the margin of the interpeduncular cistern in the 21% 

FiO2 image (C) and circular ROI of the cerebral peduncle for 

normalization is shown in (D). ROIs were selected and drawn in 

the 21% FiO2 images which has dark CSF spaces without the 

hyperintensity artifact because the margination becomes vague 

as the FiO2 increases. The same shape and location of the ROI 

was adjusted to the images of other FiO2 levels in each dog for 

measuring SI value.  
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Results 

 

Each dog underwent five FLAIR scans with different FiO2 levels, 

and totally 30 series of FLAIR sequence were obtained from six 

dogs. Results of CSF analysis were within normal ranges in all 

dogs. Mean PaO2 had positive correlation with FiO2 when 

analyzed by Spearman’s rank correlation analysis. Low PaO2 

was observed in two dogs during supplying 21% FiO2 (Table 1). 

Relatively larger CSF spaces such as ventricles and cisterns 

were observed in 21% FiO2 images in all dogs, but not all of the 

cerebral sulci were clearly visible and most of the sulci had vague 

margin. Mean value of three different sulci CSF SI in transverse 

plane which have relatively obvious appearance were used for 

the statistical analysis. Mean SI ratio of four data set measured 

by two observers were acquired (Table 2). 

Thalamus, pons, cerebral peduncle, and spinal cord were 

appropriate for normalization because the SI ratio of the regions 

had neither positive nor negative correlation with FiO2 (Figure 

2A). When the SI ratio was calculated with the normalizing region, 

FiO2 and mean PaO2 showed positive correlation with SI ratio of 

all CSF spaces (Figure 2B). 

Significant differences were found in the SI ratio between FiO2 

21% and 100% of all selected CSF spaces (P < 0.05). Five out of 

seven CSF spaces including sulci CSF spaces, 3rd ventricle, 

interpeduncular cistern, subarachnoid space around C1 spinal 

cord and mesencephalic aqueduct had significant differences 

between FLAIR images of 30% FiO2 and 100% (P < 0.05). In 
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addition, 70% FiO2 and 100% FiO2 had significant differences in 

four spaces (cerebral sulci, 3rd ventricle, interpeduncular cistern, 

and subarachnoid space of C1) and 50% FiO2 and 100% FiO2 had 

significant difference in only one CSF space (P < 0.05). 

Agreement between two observers regarding measurement of SI 

ratio in the FLAIR images was good to excellent in 7 CSF spaces 

(intraobserver 1: 0.733-0.977, intraobserver 2: 0.960-0.988, 

interobserver: 0.904-0.988). 

In subjective evaluation, the mean score was 0.5 for 30% FiO2, 

0.83 for 50% FiO2, 1.67 for 70% FiO2, and 2.67 for 100% FiO2. 

As the FiO2 increases, the artifact grade score evaluated higher. 

The score of 30% FiO2 was close to zero which means no artifact, 

and the score of 100% FiO2 was close to 3, which means severe 

artifact (Figure 3). 
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Table 1. Values of the partial pressure of oxygen in arterial blood of six dogs according to the FiO2 levels 

Note. SD, standard deviation; ↓, lower than the normal range 

 

FiO2 

PaO2 (mmHg)    
Dog 1 Dog 2 Dog 3 Dog 4 Dog 5 Dog 6 

Mean (±SD) 

21% 95.50 (±29.58) 94 140 71↓ 66↓ 82 117 

30% 158.83 (±13.51) 179 139 153 165 154 163 

50% 260.00 (±12.95) 262 254 261 273 238 272 

70% 354.67 (±23.11) 342 371 356 389 323 347 

100% 487.83 (±32.30) 512 516 476 520 448 455 
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Table 2. Signal intensity ratios of the selected seven cerebrospinal fluid spaces according to the FiO2 

FiO2 
Cerebral  

sulci 
3rd vent. 

Interpeduncular 

cistern 

C1 subarachnoid 

space 

Mesencephalic 

aqueduct 

4th vent. 

trans. 

4th vent. 

mid. 

21% 1.09a 0.60a 0.66a 0.46a 0.73a 0.64a 0.48a 

30% 1.14a, b 0.65a, b 0.73a, b 0.52a, b 0.73a 0.66a, b 0.5a, b 

50% 1.21a, b, c 0.7a, b, c 0.85a, b, c 0.6a, b, c 0.76a, b 0.75a, b 0.49a 

70% 1.23b, c 0.76b, c 0.92b, c 0.7b, c 0.82a, b 0.76a, b 0.52a, b 

100% 1.38c 0.89c 1.05c 0.87 c 0.86b 0.83b 0.59b 

 

* Values in the same column not sharing the same superscript letters differ significantly (P < 0.05), when analyzed 

by the Bonferroni test 

Note. vent., ventricle; trans., transverse plane; mid., midsagittal plane 
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Figure 2. Graphs of SI ratio of the normalizing regions (A), and SI ratio of the seven selected CSF spaces. SI ratios 

of normalizing regions show no significant changes according to FiO2, and it is confirmed to have neither positive nor 

negative correlation to FiO2 statistically. Therefore SI values of these regions were appropriate to be used to normalize 
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the SI value of CSF spaces. Meanwhile, the SI ratio of the CSF spaces increased as FiO2 increases as shown in (B), 

and the positive correlation was confirmed statistically between the two parameters. 

Note. Pons 1, pons of 4th ventricle in transverse plane; Pons 2, pons of 4th ventricle in sagittal plane; Cere peduncle 1, 

cerebral peduncle of interpeduncular cistern image plane; Cere peduncle 2, cerebral peduncle of mesencephalic 

aqueduct image plane; CSF, cerebrospinal fluid; C1, the first cervical vertebra 
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Figure 3. Serial images of the bilateral 

coronal grooves (A), interpeduncular 

cistern (B), the 3rd ventricle (C), and 

the subarachnoid space at the C1 level 

(D). 21%, 30%, 50%, 70% and 100% 

FiO2 is the oxygen concentration for 

the 1st, 2nd, 3rd, 4th, and 5th column of 

the figure, respectively. Increasing 

signal intensity (SI) and indistinctness 

are observed in the images of higher 

FiO2. 
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Discussion 

 

This study was performed to suggest the highest FiO2 which 

does not induce the oxygen-induced hyperintensity in CSF 

spaces in FLAIR sequence, so that one can apply safe oxygen 

concentration during anesthesia for MRI and obtain better FLAIR 

images. Because 21% FiO2 is the oxygen concentration of room 

air, it is the same oxygen condition as the conscious human MRI 

scanning and it would not induce the incomplete suppression of 

CSF signal. In this study, FLAIR images of 21% FiO2 were 

significantly different from those of 100% FiO2, and it is the same 

result as previous human studies.8,10 The images of 21% FiO2 

were provided to the observer as the standard images for 

subjective evaluation because the veterinary radiologists are 

accustomed to reading the images of 100% FiO2. Images that had 

significant difference compared to the 21% FiO2 images were 

evaluated to have the artifact, and images that had significant 

difference compared to the 100% FiO2 images were evaluated to 

have no artifact. 70% FiO2 was assessed to induce the artifact 

because the SI ratios were significantly increased in more than 

half of the CSF spaces. All six dogs maintained higher PaO2 than 

normal ranges while supplying 30% FiO2, and the artifact was not 

significant in both objective and subjective evaluation. Therefore, 

30% FiO2 was evaluated as the proper FiO2 for reducing the 

oxygen-induced CSF hyperintensity artifact and maintaining 

safe anesthesia. 
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Human retrospective studies reported that 50% FiO2 or FiO2 

lower than 60% is less likely to induce the artifact.8,9 These are 

not the exact threshold concentration because there was only 

one patient received 50% FiO2 in the retrospective study,8 and 

42.9% of 21 patients who received FiO2 lower than 60% had 

marked hyperintensity in the cerebral sulcal subarachnoid 

space.9 The difference of suggested FiO2 between human and dog 

may be due to the different study design and also the fact that 

there was no comparison of various oxygen concentration in one 

individual in human study. Even if the studies are performed in 

the same process, there will be a difference in threshold oxygen 

concentration between human and animals because dogs and cats 

have lower alveolar-arterial gradient and venous admixture.14 

False positive misinterpretation should be cautious in human 

FLAIR MR.7 Veterinary radiologists have to be careful of both 

false positive and false negative misinterpretation, because all 

veterinary patients have to be anesthetized for MRI, and 

veterinary radiologists are accustomed to reading images of 100% 

FiO2. FLAIR sequence has been reported to have superior 

diagnostic ability to gadolinium-enhanced T1-weighted MR for 

human subarachnoid space diseases.15 On the other hand, some 

veterinary reports insisted that the FLAIR sequence has limited 

diagnostic utility for meningeal diseases, provides no additional 

information, and detects occult brain lesions in relatively few 

pateints.16-18  Diagnostic role of FLAIR sequence in meningeal 

and intracranial diseases should be reevaluated by further 

studies because previous studies could have included false 

positive or false negative results. 



18 

Lowering FiO2 needs careful considering to apply to the 

veterinary patients practically. Geriatric dogs and cats would 

consist considerable portion of the brain MRI patients, and 

patients with pulmonary dysfunction should also have general 

anesthesia if they need MRI. Older patients has less efficient 

oxygenation because of the changes in pulmonary structures, 

blood flow, control of respiration, and reaction to the drugs,14,19,20 

and consequently the PaO2 decreases with age in the same FiO2.
14 

Respiratory diseases make patients more vulnerable to the 

hypoventilation during anesthesia and tends to lower the 

ventilation-perfusion (V/Q) ratio, and impairment of 

oxygenation can occur when patients receive low FiO2.
14,20 

Suggested 30% FiO2 can be too low for these patients, therefore 

controlling FiO2 individually to obtain the mean PaO2 value 

(158.83±13.51 mmHg) of 30% FiO2 of this study can be 

alternative method. 

The order of the FLAIR sequence among other MR sequences 

has to be decided before starting the scan, to apply the lowering 

FiO2 technique. 30% FiO2 only for FLAIR sequence can be 

administered in the protocol to minimize the risk of hypoxemia. 

Previous experimental and prospective studies performed FLAIR 

sequence with 30% FiO2 before the other sequences or after the 

other sequences respectively, while other sequences had been 

performed with 100% FiO2.
9,12 FLAIR sequence must be started 

after inhalation of lowered FiO2 for at least 10 minutes to 

sufficiently decrease the PCSFO2, because the time in which FiO2 

affect the PCSFO2 is approximately 10 minutes.21. It also has to be 

scanned before T1 contrast enhanced sequence because FLAIR 
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sequence is affected by T1 contrast medium. If these two 

conditions are satisfied, FLAIR sequence can be performed in 

any order of the protocol theoretically according to the individual 

patient situation.  

Previous studies about the oxygen-induced hyperintensity 

artifact of FLAIR sequence were all performed with HF MR 

scanner. There is no study with LF MR, although LF MR scanner 

is more common in veterinary practice.8-12 This artifact was 

expected to be less observed in LF than HF MR because the 

paramagnetic effect of oxygen would be weaker in lower 

magnetic strength.12 However the hyperintensity of CSF was 

clearly observed in all six dogs when higher oxygen 

concentration was supplied in both objective and subjective 

evaluated in this study.  

FLAIR sequence has lower resolution compared to other 

sequences. LF MR scanner has disadvantages compared to HF 

MR scanner associated with image quality due to the reduced 

signal to noise ratio (SNR) and some types of artifacts that are 

more obvious in LF MRI. However, LF MR scanner is thought to 

continuously predominate in veterinary medicine for several 

advantages such as lower cost, easier access to the patients and 

safety.13 Improving image quality in FLAIR and LF MR should be 

considered and studied for general veterinary practice field and 

lowering FiO2 can be one of the corresponding efforts to minimize 

the artifact. 

Various further studies in human related to the oxygen-

induced CSF hyperintensity artifact were reported. Using the 

oxygen-induced hyperintensity in reverse, one study suggested 
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the noninvasive measuring method of partial oxygen fraction of 

CSF (PCSFO2).22 In a recent study, magnetization-prepared 3D-

FLAIR MR imaging has been investigated to eliminate the 

artifact.7 Techniques mentioned above can be administered also 

to the animal patients with further studies in veterinary medicine. 

Five FiO2 levels were compared in this study. Expected level 

of proper FiO2 was higher than the recommended minimal FiO2 

for general anesthesia which is 30% to 35%, but the selected 

oxygen level was similar to the minimal FiO2.
14 Narrower oxygen 

level intervals such as 5% or 10% could have revealed more 

specific FiO2 for both reducing the artifact and safe anesthesia. 

Necessity of two flowmeters to control FiO2 level, arterial 

catheterization, and blood gas analyzer can be restriction for 

practical use. 

In conclusion, the oxygen-induced CSF hyperintensity in 

FLAIR MR sequence does appear in the LF MR with high FiO2. 

Lowering FiO2 can be used to remove this artifact, and 30% FiO2 

is considered as the most proper oxygen concentration that can 

maintain the safe PaO2 and significantly reduce the oxygen-

induced CSF hyperintensity artifact.   
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Footnotes 

 

aSedaject®, Samu median Co., Seoul, Korea 

bAlfaxan®, Jurox Pty Ltd, Rutherford, NSW, Australia 

cIfran®, Hana Pharm Co., Seoul, Korea 

dHitachi ARIS Vento®, Hitachi Medical Co., Tokyo, Japan 

eMultiplus®, Royal Medical Co., Ltd, Pyeongtaek, Korea 

fBio-safety I.V Catheter V4712-024-075, Sewoon medical Co., 

Ltd., Cheonan, Korea 

gMorbinul®, Myungmoon Pharm. Co., Ltd., Seoul, Korea 

hABL80 FLEX®, Radiometer, Copenhagen, Denmark 

iBD Preset™, Becton, Dickinson and Company, Plymouth, United 

Kingdom 

jhttps://imagej.net 

kINFINITT PACS®, INFINITT Healthcare Co., Ltd., Seoul, Korea 

lSPSS 25.0 for Windows®; SPSS Inc., Chicago, IL 
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국문초록 

 

개의 뇌 FLAIR  

자기공명영상에서 산소로 인한  

고신호 허상 감소를 위한  

적정 흡입산소농도의 결정 
 

 

장 문 정 

 

서울대학교 대학원 

수의학과 임상수 의학 (수의영상의학) 전공 

 

본 연구에서는 저자장 자기공명장치에서 산소로 인한 뇌척수액 

공간의 고신호 허상이 발생하는 것을 확인하고, 개에서 뇌 

액체감쇠역전회복 영상을 촬영할 때에 이 허상을 유발하지 

않으면서도 안전한 마취를 시행할 수 있는 적절한 흡입산소농도를 

확인하고자 하였다. 
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여섯 마리의 건강한 개를 사용하여, 한 마리에서 흡입산소농도를 

21%, 30%, 50%, 70%, 100%로 증가시키면서 액체감쇠역전회복 

영상을 각각 촬영하였다. 신호 강도 비율은 뇌척수액 공간의 신호 

강도 값을 같은 정규화 공간의 신호 강도 값으로 나누어 

계산하였다.  

실험 결과, 모든 뇌척수액 공간에서 흡입산소농도 100% 영상의 

신호 강도 비율은 21% 영상과 비교하여 유의적으로 높았다 (P < 

0.05). 흡입산소농도 30%의 영상은 100%의 영상과 비교하였을 

때에, 총 7 개 중 5 개 공간(대뇌 고랑, 제 3 뇌실, 경간수조, 중뇌 

수도관, 경추 1 번 수준 지주막하 공간)에서 유의적인 차이를 

보였다 (P < 0.05). 총 6 마리의 실험견 중 흡입산소농도 30%를 

공급할 때에 모두 정상 수준의 동맥혈산소분압을 유지하였으나, 

흡입산소농도 21%를 공급하였을 때에는 두 마리에서 정상보다 

낮은 동맥혈산소분압이 확인되었다. 

결론적으로, 저자장 자기공명장치의 액체감쇠역전회복 영상에서 

고농도 산소로 인한 뇌척수액의 고신호 허상이 나타나는 것을 

확인하였으며, 정상 호흡기능을 가진 개의 뇌 FLAIR 자기공명영상 

촬영 시 유의적으로 허상을 감소시키고 동맥혈산소농도를 정상 

수준으로 유지할 수 있는 적절한 흡입산소농도는 30%인 것으로 

판단하였다.  

 

주요어: 자기공명영상법, 액체감쇠역전회복, 흡입산소농도,  

뇌척수액, 고신호 허상 

학번: 2017-26037 
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