Assessment of Bolus Injection Protocol with Appropriate Concentration for Quantitative Assessment of Pulmonary Perfusion
by Dynamic Contrast-enhanced MR Imaging
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Introduction: Quantitative assessment of dynamic contrast-enhanced MR imaging for evaluation of regional pulmonary perfusion have been suggested as useful (1-3).
However, some investigators have suggested the difficulty of direct application of indicator dilution techniques to contrast-enhanced, first-pass dynamic MR imaging
experiments for quantitative assessment of regional pulmonary perfusion parameters, although these principles have been frequently used to determine regional
perfusion (4, 5). 'We hypothesized that a bolus injection protocol with appropriately small amounts of gadolinium contrast media can provide accurate and repeatable
pulmonary perfusion parameters. The purpose of the present study was to determine the bolus injection protocol with appropriate concentration for quantitative
assessment of dynamic contrast-enhanced pulmonary MR imaging, when compared with nuclear medicine study.
Methods and Materials: Forty consecutive patients (20 men, 20 women; age 39 to 78 years; mean age 72 years) with BACs (mean diameter 12 mm; range 8-30 mm)
underwent 3D dynamic contrast-enhanced MR imaging with three different concentration protocols (protocol A: 0.1mmol/mL, B: 0.3mmol/mL and C: 0.5mmol/mL),
Doppler cardiac echography and perfusion single-photon emission tomography (SPECT). Dynamic perfusion MRIs (TR 2.7 ms/ TE 0.6 ms/ flip angle 40°,) were
acquired with a 3D radio-frequency spoiled gradient-echo (GRE) sequence on a 1.5 T MR scanner (Gyroscan Intera; Philips Medical systems, Best, The Netherlands)
using a phased-array coil. Dynamic contrast-enhanced MR imaging was performed in two times in each subjects. From each signal intensity-time course curve,
pulmonary blood flow (PBF), pulmonary blood volume (PBV) and mean transit time (MTT) maps were generated by deconvolution analysis, indicator dilution theories
and the central volume principle on a pixel-by-pixel basis. Then regional pulmonary perfusion parameters were determined by ROI measurements. Regional
pulmonary blood flow assessed perfusion SPECT and cardiac echography (PBF pesusion spect) Was also calculated according to the ROI measurements.

All patients were divided into two groups (less than 70 kg [<70 kg] and equal to or more than 70 kg [>70 kg] groups). Correlations, mean differences and limits
of agreement between regional blood flow of dynamic MR imaging (PBFyr) using three different bolus protocols in addition to PBFspgcr were statistically compared in
both patient groups. The coefficients of reproducibility of regional pulmonary perfusion parameters between first and second examinations using three different
protocols were also statistically compared in both patients groups.

Results: Correlations, mean differences and limits of agreement between regional blood flow of dynamic MR imaging (PBFyr) using three different bolus protocols in
addition to PBF pefysion spect Were shown in Table 1 and 2. Each correlation between PBFyr and PBFspecr was excellent (p<0.05).  PBFyr using protocol B in <70 kg
group and protocol C in 270 kg group showed no significant difference compared with PBF pefusion sprct in both groups, although PBFyr using the other protocols in
both groups showed significant difference compared with PBF pe;ysion spect (p<0.0001).

Pulmonary perfusion parameters in first and second examination in each group was shown in Table 3 and 4. Limits of agreements and coefficients of
reproducibility in protocol B in < 70 kg group and protocol C in = 70 kg group were smaller than those of the other protocols and small enough for clinical purposes.
Conclusion: Appropriate concentration of bolus injection protocol for 3D dynamic MR imaging provides accurate and reproducible assessments of regional pulmonary
perfusion parameters.

Table 1. Average of PBFyr and PBFp,fusion spECT, COrrelation coefficient, Table 2. Average of PBFyr and PBFpusion spEcT, cOrrelation coefficient,
and the limits of agreement between both PBF in <70 kg group. and the limits of agreement between both PBF in > 70 kg group
Protocol A Protocol B Protocol C Protocol 4 Protocol B Protocol C
r 0.97 0.99 098 * 094 096 092
PBF; deviation | i 751401 £+ 12456437 165 18546% deviatic B T65BRET 108043650 1206445
PBErapuin v st Ao - 126.54446 196 55446 12656446 PEF popuios FECT (man Standard deviation ful/¥06mLinin]) 12495460 12484460 12432460
N N o B n Mean difference betwaan bath PEF (u/100minin) R3] 169 17
Mean dfferamce betwean botk PEF (wD100mbén i) 424 23 327 g it of agrommant (mE 00 Linin) s 15 0
Upper &mits of agreement (ml/160mLimin) 18 127 648 Lower fintits of agremmant (ml/T 6t inin) 597 495 173
Lower limits of agreement (m 11 66 Limin ) 850 173 128

* Sigrificant réfference with PBFapper (< 0.05)
*: Sigrificant dfference with PBFsperr (<0 05)

Table 3. Average of 1 and 2™ measurement and repeatability coefficient Table 4. Average of 1 and 2™ measurement and repeatability coefficient
of each pulmonary MR perfusion parameters in < 70 kg group. of each pulmonary MR perfusion parameters in = 70 kg group.
Protocol A Protocol 5 Protocol C Protocel 4 Protocol B Protocol C
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Coeff producibiliy (mL/100mbinin) 176 113 200 saie 515 10,2045
PEVig s Sstauedard dev il Gl 58425 107457 2Leslo 5442y o) 10843
PBVig 20 Grean sstandard deviation ¥/ ToomI] 59425 10057 21609 01 01 00
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Coafffcient of reproducibility  (m¥10GmI) 18 14 22 a2a07 45205 4705
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standard deviation fmd104mI] 45407 46209 60409 Mecae differestce bebveen boik MIT fsec) 0o 00 00
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of mproducibiiyy (sc) 10 04 08
PEF 14 Primonery bloodflow assessed by MR in first time PEF nr1a Pulmonary blood flow assessed by MR in first time

PEF Pulmonary blood flaw assessed by MR in first time
PEF n o Pulmonary blood flow assessed by MR infirst fime o ¥ h

FBV 1 1a: Pulmonary 1004 volume assessed by MR in first time

PBV 1 1 Pulmonary blood vol ssed by MR in first time

PV 1 za: Prlmonacy blood votum. ot oy MR in firct timo

PEV 1 Primonary bloodvolume d by MR in first time

MTT n: 1 Mean teeansit time by MR in fird time
MTT g 1 Meantransit time by MR infirs time

MTT nrom: Mean transit time assessed by MR in first time MTT p 2t Meantransit time assessed by MR in first time
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