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Clinical Validation of Accuracy of
Anatomical M-Mode Measure-
ments: Effect of Harmonic I maging
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Objectives. Recent advances in ultrasound technology allow reconstruction of images from stored
radiofrequency information and creating of M-mode echocardiograms along an M-mode cursor of any

directiofll anatomical M-mode echocardiography(l

Methods. The accuracy of the measurements obtained by anatomical M-mode echocardiography was
evaluated by comparing the measurements with those by B-mode echocardiography with or without har-
monic imaging in 8 normal subjects and 14 patients with cardiac disorders. Measurements used the left
ventricular short-axisimagein 4 different directions 0to 6, 3t09, 1to 7 and 5to 11 o' clock[]

Results. Anatomical M-mode and B-mode measurements showed good linear relationships with correla-
tion coefficients of 0.90 to 0.99 in any of the 4 directions. However, measurements in the lateral direction

0 3to 9 o’ clockCBhowed larger errors than those in the other directiond pd 0.0500 With the use of harmon-
ic imaging, the errors tended to become smaller, although it did not reach statistical significance.

Conclusions. Anatomical M-mode echocardiography accurately measures the left ventricular internal
diameter in any direction except the lateral direction. Harmonic imaging is useful to decrease the errors.
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Anatomical M-mode

O’clock
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9 3
7 5
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Fig. 1 Measurements of left ventricular internal diameter obtained by anatomical M-mode echocar -
diography in 4 direction§ 0to 6, 3t0 9, 1to 7 and 5 to 11 o' clock[tompared with B-mode

measurements

Left: Left ventricular short-axis image and 4 directions. Middle: Anatomical M-mode echocardiogram.
Right: Measurements on the B-mode image using calipers.
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Fig. 2 Relationships between anatomical M-mode and B-mode measurementsin the 0 to 6 o’ clock
directionl A, Cland Bland-Altman analysesl B, DO
A and B: Fundamental imaging. C and D: Harmonic imaging. Open circles denote cases with optimal
image quality and cross marks denote cases with suboptimal image quality.
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Abbreviation asin Fig. 2.

oosObObOOOoOOoOOOOoOobOOoOOoDbOOond
coobooooOooboobooooeobOoOo7+ 1.70
3090000 0.08+ 48050110000 0.5+ 1.40 10
7000001+ 20mmdbOOnO3090000000O
cooobodoobooooboooooooOooon
oooooooooooboooboooooood
cooobooooboobooobooooooooobooooo
cooooooobooooboooobooooooooo
oooooooboboooboooooboooobooooo
ooobDOo0oO0oooobDOobooobOooDooobooiso
oooDDbOo0oO0os00ooooDbi120000000
oooobDOoooobOooboOoooboooz220000
ob1wBoogooogoeuboobooboooDoon
OO0Table30OO0OOO0OO0OOOOOMOOOOOO
ooooboooobboooboooooboooobooooo

oboooOoooooooOoooosoouooooo
uobooooooooooocoOobooOoobooOooon
oboooooooooocoOoooOooboobooon
gboooo3oebooboooboobobooboboooo
uoboooooooooboooboooooooa
2000000000000000000M0D0O0O
ooo0oMOOO0O0O00.980.1+ 5.9%M10000
09611.0+ 47% M1 0000000000 0OO000O0O
ooboooooooooooMOOOoDO o099 1.4+
55%1 0000 098 1.6+ 2700 00O.
ooobooooooooobpbomooomooo
oooMODOOD 099 09+ 4.0%0J 0000 0.98

012+ 32%000000000O0O00O0ODOO0ODOO

oooooooooooMOOODOD0.9990.9+
38%M 000009804+ 35% M 000.

J Cardiol 2001; 37: 35—-42



gooooomMOOOO 39

Table 10 Correlation coefficients between anatomical M-mode and B-mode measurements] [

00 6 o’ clock 309 o’ clock 5011 o’ clock 107 o’ clock

r p p r p r p
Fundamental imaging 0.9900 0 0.01 0.900 0 0.01 0.9800 0 0.01 0.990 0 0.01
Harmonic imaging 0.980 0 0.01 0.910 0 0.01 0.9900 0 0.01 0.990 0 0.01

Table 20 Differences between B-mode and anatomical M-mode measurements

B-AM modél mmQ

95% CL mm[J

95% LA] mmQ

E nO 150 OWI nO 220 0O

00 6 o' clock 0.6+ 1.5 0.7+ 1.7
3090 clock 0 2.8+ 6.5 0.08+ 4.8
50 11 o' clock 0.8+ 24 0.5+ 14
107 o' clock 00.02+ 1.60 0.1+ 2.0

bo.edo0.60 00.500.7

F H F H
002012 002012 025037 026040

0520003 014016 01580103 [9.609.7
006017 002009 040056 [124033

0320320 039041

Continuous values are meant SD. “pl] 0.05 vs other 3 directions.
B-AM model] B-mode and anatomical M-mode measurements; 95%CI 95% confidence interval ; 95% LADO
95% limits of agreement ; FO fundamental imaging; HO harmonic imaging.

Table30Comparison of the differences in B-mode and anatomical M-mode measurements between patients with

optimal images and those with suboptimal images

B-AM mod&l mmQO

95% LAI mmQO O

F H F H
o S o o S o] S
On030 On0120 On0130 On091 0Ond30 On0120 0Ond130 On090
006 0 clock 02+ 10 07+16 04+ 13 20 018122 025040 023030 027052
3090 clock 0 1.2+ 320 0 3.1+ 7.10 0 0.4+ 3.80 600 076051 01740111 081072 011301238
5011 0 clock 14+ 24 07+ 24 05:12 17 034061 042156 020030 030039
107 o' clock 003+ 130 005+ 1.7 03+ 190002+ 220 030024 033034 035042 045142

Continuous values are meant SD.

OO optimal image; SO suboptimal image. Other abbreviationsasin Table 2.
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Fig. 4 Example of inappropriate measurement using anatomical M-mode echocar diography
This measurement in the 3 to 9 o’ clock direction had suboptimal image quality due to inadequate lateral

resolution and difficult differentiation of the subvalvular apparatus and the endocardium on the anatomical
M-mode echocardiogram.
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