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QRS deflection in aVF is negative. Similarly, in Figure 
1 C, the angle of 1 I .2” is added to 90” (lead aVF, largest 
net QRS defection) since the net QRS deflection in lead 
I is negative. 

Rapid calculation of the electrocardiographic frontal 
axis is desirable. The method described is simple and 
provides an acceptable approximation of the axis deter- 
mined using the trigonometric tangent. The calculated 
angle may underestimate the true angle by less than 4.1 O 
without overestimation. Alternative methods to deter- 
mine the axis are reliable but may require the use of 
tables or reference diagrams.3-6 Thus, advantages of this 
formula include its simplicity, which allows for rapid 
calculation of frontal plane axis without use of the more 
cumbersome hexaxial reference diagram or tables. It 
may be particularly useful where there is no equiphasic 
lead, such that Grant’s method’ is not easily applicable. 
The mean frontal plane axis may vary by 35O in an 
individual patient when different lead combinations are 
used.’ When more accurate determination is desired, an 
average of several lead combinations may be useful.’ 
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Effect of Sampling Site on Doppler-Derived Right Ventricular Systolic 
Time Intervals 
Elizabeth M. Shaffer, MD, A. Rebecca Snider, MD, Gerald A. Serwer, MD, Jane Peters, 
and Patricia A. Reynolds 

E valuation of the pulmonary artery pressure and pul- 
monary vascular resistance is essential in the care of 

most children with congenital heart disease. Recent in- 
vestigations have focused on determining a noninvasive 
technique for detecting pulmonary hypertension. Several 
different right ventricular (RV) systolic time intervals 
measured from the Doppler echocardiogram have corre- 
lated well with pulmonary trunk pressure and pulmonary 
vascular resistance measured at cardiac catheteriza- 
tion.ie8 In these studies, investigators have used multiple 
positions for the Doppler sample volume ranging from the 
RV outflow tract1-5 to the pulmonary trunk.5-7 Recently, 
Panidis et al,9 using Doppler, reported a significant dif- 
ference in the acceleration time measured from the RV 
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outflow tract compared to that measured from the pul- 
monary trunk. Matsuda et al5 found no such difference 
between the 2 sampling sites. We determined the effect of 
Doppler sample volume position on all of the commonly 
used RV systolic time intervals in a group of patients 
evaluated in a pediatric echccardiography laboratory. 

The study participants consisted of 23patients. Seven 
patients had normal examinations while the other 16 
had a variety of cardiovascular abnormalities including 
aortic stenosis, thoracic coarctation, atria1 septal defect, 
small ventricular septal defect, atrioventricular septal 
defect, car triatriatum, mitral valve prolapse, Marfan’s 
syndrome, Kawasaki’s disease and Wolff-Parkinson- 
White syndrome. The group included 10 females and 13 
males whose ages ranged from 5 days to 25 years (mean 
9.4 years). Each participant underwent a range-gated 
pulsed Doppler examination of the RV outflow tract 
from the parasternal short-axis view. The Doppler re- 
cordings were obtained using an Advanced Technology 
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Laboratories UltraMark 8 imaging system and 5-, 3.5- 
and 2.25MHz mechanical transducers. Doppler trac- 
ings were recorded with the sample volume positioned in 
the right ventricle just proximal to the pulmonary valve, 
in the pulmonary trunk just distal to the pulmonary 
valve and in the pulmonary trunk midway between the 
pulmonary valve and the pulmonary trunk bifurcation 
(Figure I). The Doppler tracings were recorded at a 
paper speed of 100 mm/s and wall filter settings of 200 
Hz. RV systolic time intervals were measured (in ms) 
from each sample volume position on all study partici- 
pants using the Doppler spectral tracings and the simul- 
taneous electrocardiogram. The preejection period was 
measured from the Q wave of the electrocardiogram to 
the onset of flow on the Doppler tracing. The accelera- 
tion time was measured from the onset of jlow to the 
peak velocity of flow. The ejection time was measured 
from the onset offow to the end ofjlow (Figure 2). A 
minimum of 3 cardiac cycles was measured at each sam- 
ple volume position. The following variables were de- 
rived from the measured time intervals: the preejection 
period corrected for heart rate was calculated as the 
uncorrected preejection period plus 0.39 times the heart 
rate, and the ejection time corrected for heart rate was 
calculated as the uncorrected ejection time plus 1 S times 
the heart rate. In addition, the ratios of preejection peri- 
od/acceleration time, acceleration time/ejection time and 
preejection period/ejection time were calculated. The 
variables measured at each site were compared using a 
period t test and Bonferroni’s correction for multiple 
comparisons. A 2-tailed p value X0.04 indicated a sig- 
nificant difference between sites. 

Table I lists the results of comparisons of the RV 
systolic time intervals obtained from the different sam- 
ple volume positions. No differences were found in heart 
rate, preejection period, ejection time or these time inter- 
vals corrected for heart rate at the 3 sample sites. The 
acceleration time was significantly shorter distal to the 
pulmonary valve and midway to the pulmonary trunk 
when compared to that obtained proximal to thepulmo- 
nary valve. There was no difference in the acceleration 
time measured just distal to the pulmonary valve and the 
acceleration time measured midway to the pulmonary 
trunk. Because of the differences observed in the accel- 

eration time between sites, the acceleration time/ejection 
time ratio was significantly lower at both sites distal to 
the pulmonary valve compared to the site proximal to 
the pulmonary valve. The acceleration time/ejection 
time ratio just distal to the pulmonary valve was not 
different from the acceleration time/ejection time ratio 
measured midway in the pulmonary trunk. The preejec- 
tion period/acceleration time ratio measured just distal 
to the pulmonary valve was significantly higher than the 
preejection period/acceleration time ratio measured 
proximal to the pulmonary valve. The preejection peri- 
od/acceleration time ratio measured midway in the main 
pulmonary artery was also higher than that measured 
proximal to the pulmonary valve but this value did not 
reach statistical significance. The preejection period/ 
ejection time ratio was not different among the 3 sam- 
pling sites. 

Several Doppler echocardiographic techniques have 
been used to estimate the pulmonary artery pressure non- 

. 
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flGURE 2. Pdnonary artery Doppler tracing showing the 
measured systek time intervals. AT = acceleration time; ET 
=ejectiontime;PEP=preejedionperiod. 
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TABLE I Comparison of Doppler-Derived Right Ventricular 
Systolic Time Intervals and Ratios Measured at Three 
Sampling Sites in 23 Patients 

Proximal Valve Distal Valve Midway MPA 

HR (beats/min) 90 92 94 
PEP (ms) 89k6 88f5 90*5 
PEPc (ms) 124f4 125f4 127f4 
ET (ms) 283flO 287f 11 282f 11 
ETc (ms) 410f 11 427f5 423f6 
AT (ms) 119f8 106f8* 106*7+ 
AT/ET 0.42 f 0.02 0.36 f 0.02* 0.37 f 0.02+ 
PEP/AT 0.82 f 0.06 0.94 f 0.07’ 0.93 i 0.06 
PEP/ET 0.32 i 0.02 0.31 i 0.02 0.33 f 0.02 

Values are mea” f standard error of the mean. 
* p -CO.04 for proximal valve vs distal vahre; 7 p <0.04 for proximal valve vs midway 

MPA. 
AT = acceleration time; ET = ejection time; ETc = heart rate-corrected ejection 

time; HR = heart rate; MPA = main pulmonary artery; PEP = preejection period; PEPc 
= heart rate-corrected preejection period. 

invasively. Chan et al2 showed that the measurement of 
the peak velocity of the tricuspid regurgitant jet was the 
most useful and practical technique, but they could ob- 
tain the jet in only 72% of the patients studied. Therefore, 
Doppler techniques other than measurement of the tri- 
cuspid regurgitant jet must be used to estimate pulmo- 
nary artery pressure in some patients. 

Several different RV systolic time intervals have 
proved useful for estimating pulmonary artery pressure 
noninvasively. l-* Of these intervals, the acceleration time 
and ratios involving the acceleration time have correlated 
best with catheterization measurements of pulmonary 
pressure and vascular resistance.1,6~7 Systolic time inter- 
vals are influenced by factors such as heart rate, contrac- 
tility, ventricular loading conditions and drug therapy. 
Therefore, they are limited in their ability to evaluate 
pulmonary hypertension. In this study, we found that 

technical factors such as the position of the Doppler sam- 
ple volume can also influence the noninvasive measure- 
ment of RV systolic time intervals. 

Different investigators have used different Doppler 
sampling sites to evaluate patients with pulmonary hyper- 
tension. It is as yet unknown which site provides the best 
correlation with catheterization measurements of pulmo- 
nary artery pressure and resistance. In the meantime, if 
Doppler measurements of acceleration time or ratios in- 
volving acceleration time are used to predict pulmonary 
artery pressure, care must be taken to standardize sample 
volume position. 
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