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Background

The right ventricular (RV) morphology and function are
important parameters for the diagnosis of cardiopul-
monary diseases and serve as predictors for the long-
term outcome. To date there are little data about right
heart characteristics due to its complex anatomy. Since
cardiac magnetic resonance (CMR) is the gold-standard
for the evaluation of left and right cardiac anatomy and
function we sought to investigate and provide reference
values for the entire right heart acquired in a large
population of healthy volunteers.

Methods

We studied a group 119 healthy volunteers (60 male, 59
female) which consisted of three age groups of nearly
equal size (I: 20-34 yrs.,II: 35-49 yrs.III: 250 yrs.). CMR
images were acquired on a 1.5 T whole body MRI
applying a standard cine SSFP sequence. Right atrial
(RA) function and morphology as well as RV sizes were
assessed in a 4-chamber view. For the measurement of
the RV volumes and function short axis views were
used. End-diastolic and end-systolic volumes and dia-
meters (EDV, ESV, EDD, ESD), RV stroke volume and
ejection fraction (SV, EF) were measured. As the empty-
ing of the RA is a combination of active and passive
mechanisms we tried to quantify the contribution of the
contraction by measuring the RA contractive stroke
volume (RA CSV) and ejection fraction (RA CEF).
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Furthermore the RV end-diastolic and end-systolic
length (EDL, ESL) and the RA end-diastolic and end-
systolic area (EDA, ESA) were quantified. Body surface
area (BSA) was calculated using the Mosteller formula.
A p-value <0.05 was regarded as statistically significant.

Results

The reference values are shown in figure 1. The general
differences between men and women yielded signifi-
cance in all parameters. When indexed to BSA the dis-
crepancies between male and female healthy volunteers
were still significant regarding EDV, ESV, SV, RA EDA
and RA ESA. Regarding the diameters and lengths
indexed to BSA only the gender difference of the RV
ESD vyielded significance.

Conclusions

In this study we provide age- and gender specific refer-
ence values for the right heart morphology and function
in a large group of healthy volunteers applying a stan-
dard clinical SSFP sequence. These values may contri-
bute to define a reference frame to detect pathological
alterations. Yet, further studies are needed confirm our
results and to define cut-off values applicable for clinical
routine.
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Group male female
RV EDV (ml)
1 198.1£47.2 148.3£339
n 221.2e41.2 163.3t288
n 211.9£30 .4 162.6£23 9
all 210.6+£40.5 158.0+20 6
RV ESV (ml)
1 95.3+24 4 60.3£170
n 94.8+£28.5 67.0+184
[ ] 90.4£22 1 66.5892
all 93.5£24.8 6462155
RV SV (ml)
1 102.8£30.3 88.1£205
n 126.4£20.6 98.3x175
] 121.5¢14.4 96.1£183
all 117.1£24 4 93.4£189
RV BEF (%9
1 51.546.7 592462
n 57.7¢7 .1 594473
n 57.846.3 58.8+4 4
all 55.847.2 59.1+6 0
RV EDL({mm)
1 109.0£8.8 99.246.5
n 102.9+6.8 93.4462
] 101.9+8.6 91.8460
all 104.648.6 949469
RV ESL (mm)
1 84.647.6 7517 4
n 81.146.9 69.1458
[ ] 78.148.4 708459
all 812479 71746 8
RV EDD(mm)
1 47453 40.5£50
n 49.316.3 41.047
1] 48.3#6.2 424345
all 483459 413847
RV ESD (mm)
1 35.546.2 28.7+42
n 33.846.8 26.1438
[ 1] 314459 276432
all 33.5:6.4 27.5439

male female
RA EDV (ml)
p<0.05 9164215 665+155 p<0.05
p<0.05 95.7+235 672+£129 p<0.05
p<0.05 920+194 690£154 p<0.05
p<0.05 93.1£214 675144 p<0.05
RA ESV (ml)
p<0.05 49.1+130 32.7¢8.7 p<0.05
p<0.05 540417 4 33.2¢89 p<0.05
p<0.05 4844167 357120 p<0.05
p<0.05 508+15.7 33.8£99 p<0.05
RA CSV (ml)
p=n.s. 42548117 33.9+£8.7 p<0.05
p<0.05 4178114 33.9£80 p<0.05
p<0.05 43.5¢6.8 33.3+66 p<0.05
p<0.05 4254102 33.7£7.7 p<0.05
RA CEF (%)
p<0.05 46.4+6.6 50.9+6.3 p<0.05
p=n.s. 44.0+£87 50.6+£8.2 p<0.05
p=n.s. 48.5+8.8 48.9+7.8 p=ns.
p<0.05 46.2+¢8.1 50.2¢7.4 p<0.05
RA EDA (mm?)
p<0.05 1656.2£263 9 1226.6£2503 p<0.05
p<0.05 1798.6+£324 6 1286.9£2751 p<0.05
p<0.05 1771.8£386 .1 1410.1£3625 p<0.05
p<0.05 1742.2£3290 1306.1£3032 p<0.05
RA ESA (mm?)
p<0.05 2571.2£3973 2152.8+2688 p<0.05
p<0.05 2680.5£3793 2136.9£302.1 p<0.05
p<0.05 2652 4£4270 2146.2+¢4022 p<0.05
p<0.05 2834.7£397 5 2145.3+3222 p<0.05
RA EDD (mm)
p<0.05 47147 40.9£56 p<0.05
p<0.05 46.5£7.3 38.0+4.1 p<0.05
p<0.05 46.1£¢6.9 39.7¢56 p<0.05
p<0.05 46.5+6.3 39.5¢5.2 p<0.05
RA ESD (mm)
p<0.05 50.4+4.3 45.3+45 p<0.05
p<0.05 51.3+74 43,4435 p<0.05
p<0.05 52.4+58 454437 p<0.05
p<0.05 51.4+6.0 44.7£39 p<0.05

Figure 1 Reference values for RA and RV morphology and function.
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