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Reconsidering the relationship between the
Doppler—derived pressure gradients and the
catheter-measured gradients of aortic valvular stenosis
in the pediatric population: To what extent will the
effect of pressure recovery play a role?
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Background and Objectives

The Doppler echocardiography derived peak instantaneous systolic pressure gradient (peak
instantaneous Doppler PG), the mean pressure gradient (mean Doppler PG) and the aortic valvular
area are the accepted standard for the determination of the prognosis and optimal timing of
intervention in adults. These noninvasive methods were validated by catheter-measured methods;
however, there is a discrepancy between the Doppler-derived pressure gradients and
catheter-measured gradients. Pressure recovery, which is based on the theory of fluid dynamics,
plays a role in that discrepancy. Meanwhile, the peak instantaneous Doppler PG is widely applied as
the only method for the noninvasive estimation of the severity of the aortic valvular stenosis in the
pediatric population. In addition, the peak-to-peak transvalvular gradient obtained by cardiac
catheterization (peak-to-peak catheter PG) is the accepted standard for the determination of the
prognosis and optimal timing of intervention. However, theoretically, the peak-to-peak catheter PG
does not reflect the genuine hemodynamic abnormality, afterload of aortic valvular stenosis and does
not correspond to the peak instantaneous Doppler PG. Therefore, the first purpose of this study was
to reconsider the correlation between Doppler-derived pressure gradients and catheter-measured
gradients, in order to lay the foundation of the determination of the prognosis and optimal timing of
intervention. The second purpose was to investigate the effect of pressure recovery in the pediatric
population.
Method

The study population included 13 patients. Cardiac catheterization and Doppler echocardiography
were performed. Doppler echocardiography: The peak instantaneous Doppler PG was determined by
measuring the highest systolic velocity and calculating a pressure gradient using the Bernoulli
equation. The mean Doppler PG was calculated by averaging the instantaneous Doppler gradients
throughout the ejection period. The aortic valve area (AVA.) was calculated from the continuity
equation. Cardiac catheterization: Left ventricular and aortic pressure was measured by catheter
pullback or instantaneous measurements. The conventional calculations of the catheter measured
peak instantaneous pressure gradient (peak catheter PG), mean catheter pressure gradients (mean
catheter PG) were measured for comparison with the corresponding Doppler echocardiographic data.
Prediction of pressure recovery: The recovered pressure can be estimated with the following
equation based on the principles of fluid dynamics:
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Pressure recovery = 4Vcw? - 2
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Where V,, is the maximal continuous-wave Doppler velocity across the stenosis and AoA is the
cross-sectional area of the ascending aorta. The pressure recovery predicted peak instantaneous
systolic pressure gradient (predicted peak instantaneous Doppler PG) is expressed by the equation:
Predicted peak instantaneous Doppler PG= peak instantaneous Doppler PG-pressure recovery.
Equation [1] was also used to calculate mean recovered pressure to correct mean Doppler gradients
(predicted mean Doppler PG) by subtracting it from the conventionally obtained value.
Statistical analysis: Data are presented as the mean value + standard deviation (SD) and the range.
The correlation between Doppler-determined and catheter-measured gradients was assessed by linear
regression analysis and Pearson correlation coefficients were calculated. Bland and Altman analysis
was performed to analyze agreement between catheter and Doppler measurements. Values of p<0.05
were considered to be statistically significant. )

Results

Patient characteristics: The age of the study subjects ranged from 2 years to 25 years (12.8 years
+6.4 SD). Eight patients showed mild aortic regurgitation and five patients showed mild mitral
regurgitation. No patients demonstrated left ventricular pump dysfunction.

Doppler-derived pressure gradients and catheter-measured gradients:

Despite the good -correlation between the Doppler-derived and catheter-measured peak
instantaneous pressure gradients (R?=0.76), the Doppler gradients overestimated the catheter
gradients. The peak instantaneous Doppler PG was on average 8.5 mmHg higher than the peak
catheter PG, consistent with a tendency towards overestimation. A companson between the mean
Doppler PG and the mean catheter PG showed an excellent correlation (R>=0.96) and the mean
Doppler PG was an average of only 5.7 mmHg higher than the mean catheter PG. The predicted peak
. instantaneous Doppler PG and the predicted mean Doppler PG correlated relatively well with
catheter gradients (R’=0.63, 0.83, respectively), and underestimated higher gradients with a slope of
0.82, 0.75, respectively. In addition, the predicted instantaneous and the predicted mean Doppler PG
was an average of -9.1, -4.9 mmHg lower than the peak and mean catheter PG, respectively.
Discussion
The current study yielded two important findings in the pediatric population. First, although
Doppler-derived pressure gradients overestimated catheter-measured gradients, the correlations were
good. In particular, the correlation between the mean Doppler PG and the mean catheter PG was
excellent and the degree of overestimation was mild. Second, Doppler-predicted catheter gradients
calculated using pressure recovery underestimated catheter-measured gradients. Noninvasive precise
prediction of catheter-measured gradients was difficult.

The peak-to-peak catheter PG has been the accepted standard for the determination of the prognosis
and optimal timing of intervention. However, the actual hemodynamic abnormality and afterlord of
aortic valvular stenosis was reflected not in the peak-to-peak catheter PG but in the peak catheter PG
and the mean catheter PG. In addition, the peak catheter PG and the mean catheter PG theoretically
corresponded to the peak instantaneous Doppler PG and the mean Doppler PG, respectively.

Doppler-derived pressure gradients overestimated catheter-measured gradients in the current study.
Next reason has been proposed to account for this overestimation. Similar to the findings in the adult
population, pressure recovery occurring downstream of the vena contracta leads to an inherently
different gradient than what Doppler measures between the left ventricle and vena contracta.

The correlation between the Doppler-predicted catheter gradients and catheter-measured gradients
in the current study was worse than the correlation between Doppler-derived pressure gradients and
catheter-measured gradients. And the Doppler-predicted catheter gradients underestimated
catheter-measured gradients. This result suggested that Doppler-derived pressure gradients cannot be
corrected in pediatric patients based on the existing prediction method using pressure recovery.
Theoretical problems are involved in the method for calculating pressure recovery. The definition of
the cross-sectional area of the ascending aorta that was 10 mm distal to the sinotubular junction for
the pressure recovery formula was somewhat arbitrary. There is no consensus on the actual site
where the pressure is observed to fully recover.

Although the Doppler-derived pressure gradients overestimated the catheter-measured gradients,
the strong correlations of those measurements in the current study indicated that Doppler-derived
pressure gradients reflect the hemodynamic abnormality and afterload of aortic valvular stenosis. In
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particular, the mean Doppler PG was obtained easily and the excellent correlation between the mean
Doppler PG and the mean catheter PG raised the possibility that the mean Doppler PG could replace
the invasive method in order to determine the prognosis and optimal timing of intervention without
the need for any correction by pressure recovery in the pediatric population.
Conclusion

Doppler-derived pressure gradients overestimated the catheter-measured gradients. Theoretically,
such an overestimation could be corrected by pressure recovery. However, the corrected equation for
that overestimation could not apply in the pediatric population. Although Doppler-derived pressure
gradients overestimated catheter-measured gradients, there were strong correlations between -
Doppler-derived pressure gradients and catheter-measured gradients. In particular, the excellent
correlation between the mean Doppler PG and the mean catheter PG raised the possibility that the
mean Doppler PG could replace invasive method in order to determine the prognosis and optimal
timing of intervention without any correction of the pressure recovery in the pediatric population.
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Reconsidering the relationship between the
Doppler—derived pressure gradients and the
catheter-measured gradients of aortic valvular stenosis
in the pediatric population: To what extent will the
effect of pressure recovery play a role?
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Reconsidering the relationship between the Doppler-derived pressure gradients and the
catheter-measured gradients of aortic valvular stenosis in the pediatric population: To what extent
will the effect of pressure recovery play a role?
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EEO/NRIZE T 5 KRBIRARFBE TIETFROFM, 1BRNADREIL LIS 7—T v
BREIZIBIT D peak-to—peak [FEZ=IZ L o TVW5, LI L peak-to—peak [EEZEIIREIPRS
WZEDMITENERE 2 EREICIIRR L TV, Lavh IEBRERTTHEE TR T
BENLESAVLNTWER, ZTHITERAIC peak-to—peak EBZEITH G LRV, —FHK
AZBWTHBERAREIEIC X 0 BRAITHHS L R EEAFHEIE DS validation S TH
D FHOFEM. IBRNADOREICIRAENTWS, AL ZDREEAIFIML & JEREBRFTEE
EDORIZIY discrepancy A3F Y, EREEOEENER INTWD, £Z T, KERFHE
EOMITHIRERE #RE L, BRAICEWIRNELE, K77 —EL 0BT —T VRIS
K 2 REER NERZER OB, BI/NETHBRNODRWEHERZEFR LT OMEBE. EE
BORBITOVWTIRE L, BRI 13 FIOKRBIARFIRAHE BE THED 12. 8 5RL6. 4(F1
+SD) . {EIEF B R2IE 5 6. KBRS A A LIE 8 flaROTENFHEEL T TH o7z,
BRERRKERZICOWTO FF T —iEL BT —T MEOMHBIIR Ao 7223 (R*=0. 76) | slope
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i1£1.22 & F7T—ERIT —TNVIEZBRFHE L, FHEBZEIZ OV TORBITRER
< (R®=0.96) . WRFHEORE S slope 1.15 L/h S ote, —FHRA L FAROEREHEL
ToleBe. BRFRXERZETIIHER K D HEEIIET U (R=0.63), SEIX R I —&ERN
AT —T NEEIB/NFEAE L 72 (slope 0.82), FHEBKZETHHERML Y HEBIXETL
(R*=0. 83) . i@/INg¥Afh L7z (slope 0.75), /NEIZBWTERA & RO EREMIENSREL L
o= D DBERIIKBRBOBERH B LEx bz, EROMEIZ LY EREORD
FCROLEEBNOHIBFIIRBRETHL I LBHALNTEY., BAORATORELY .,
EHRORBFREOFBEMER R H o7, TOZ LIIERBEOREBLRE L &8, £E
AHRTO R 7 B LIEREICED 3 EREOEIGIL. BEAORA TOHIIZE T
DEEIVREL Rote, FHAOKERIIU LD LS ICRARFOEREHETIHELVE
BRLE—F, MRRBWTUEEALEREINTI2d o7 FF I —IRIC X D ERE
MR, EEERER2TH2 < THREEBHFMELRD D FRIMESTBENADOREIZFIAT
EDAREMERLEbDOLEL O, BEEIIU EORNBEORREZITo T,

Z OIFRNAICR U TRBEMEE) b AERBARERRERE L IERFERMEDER.
EHIZ I DERBE~OEEBORERE, EREOEEBIIOWT, RIZEHBRZEE)1L. EH
BRIEIC L 2 EZERBIRMERZEOR/NHMEOEB., /NNETRALRRIBENTHEL
AWTWEER, EERBEDOFIEISE LI BIEINIONT, RRICEREEZR LD,
R BERFHEIE T O TR IECIRBENARE O FREM., EEREHED/NE~DRELO T
BMEICOWTOEMB D o7, ZHICH LREZFIIAHREOT —F 2 b EREIIFHOR
BEZITROT NI Lo, BRHEBR.LEHEN DA TIBENE, > TZIIE - EEER
Rz, e, BERORERL ZOMBEEINOHAL ZRDFEEN L N TNDZ &R,
EEEHEZOPTHLRE B/NHEEZ LTWD L OIZKEIFRESHVVEREEHD Z &,
R CTIRHEEERFIZRBWVT 50mmHg BANADRAN T v — A D—DLBEZ TWHERRA
Teo BICEAMROFEHEREOHEBRERND., 77 —IEIC X 2 FEREITTRTM.
BENADREZ+DISATEAAEERHZ EE2 N L, BRERBIBFTAVWDR
DMOIEED X D IZFEREEEFIALEFMER Y., MOMNOMEILEL Y EREO/NE~D
BBILLARE TRV LB NI EE R, LEDO XS IHFEHRIT. RREORKER
I, BEENOMEDOKEREZMK L CTERA >R Y REE#1To 72,

AT ERAITHS U MR EEREME L IR BT ER L OMBEEZ R TE e ETO
INRTORBIRFIRBEOTMELX RE L, MNETOEERIMITLACBESHTWRWE
FERICOVWTHREEIN TR Y, BICEENTMEEICRD 2 IFHEEOFTMIEIC & 5 TFHRFE
HLIEBENADREDOFREMZ R Lizb D LTEELHRELELONS,

EEE—MIX, ThOOREEZEIML. KFEFRICH T HHHESLIIGEMNR ED
EBFEENEL (B ORMNERITIAORLALSREREETHILOLHELK,

— 322 —



